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Chapter 1
Definitions and Clinical Signs
and Symptoms

Andrea Shogan and Fuad M. Baroody

Rhinosinusitis (RS) in pediatric patients can be difficult to diagnose due to its
similarity with other common conditions such as allergic rhinitis, viral upper
respiratory infections, and adenoiditis. It is more broadly defined as inflammation of
the nose and paranasal sinuses and has a negative impact on the quality of life of
patients and can substantially impair their daily function [1]. The study by
Cunningham et al. in 2000 demonstrates that parents of children diagnosed with RS
perceived their children to have more bodily pain and to have more limited physical
activity than other children with chronic diseases such as asthma or juvenile
rheumatoid arthritis [1].

Current guidelines state that a clinical diagnosis of RS can be made in children if
they have two or more of the following symptoms, with one of them being either
nasal blockage, obstruction, congestion, or nasal discharge and either facial pain or
cough [2]. The clinical symptoms have to be accompanied with objective signs that
are determined by either nasal endoscopy, with signs of nasal polyps, mucopurulent
discharge from the middle meatus, or edema/mucosal obstruction from middle
meatus, or computed tomography (CT) of the sinuses demonstrating mucosal
changes within the ostiomeatal complex and/or sinuses [2, 3].

RS is further classified, based on the duration of the illness itself. Acute
rhinosinusitis (ARS) lasts less than 4 weeks with complete resolution of symptoms,
and chronic rhinosinusitis (CRS) is defined as inflammation of the nose and
paranasal sinuses with symptoms that last greater than 12 weeks without complete
resolution. Recurrent acute rhinosinusitis is defined as four of more episodes of
ARS per year with resolution of symptoms between each episode.
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Acute Rhinosinusitis

Acute rhinosinusitis (ARS) often occurs after a viral upper respiratory illness (URI).
Pediatric patients can experience up to seven to ten URIs per year and approxi-
mately 5-13% of viral URIs will progress to acute bacterial rhinosinusitis [4]. The
peak age of occurrence of bacterial rhinosinusitis is between 3 and 6 years which
correlates with the peak incidence of viral upper respiratory infections [5]. A study
by Marom et al. also found that girls more frequently developed acute bacterial
rhinosinusitis (ABRS) and had more recurrent bouts of ABRS [6]. ARS is defined
as the sudden onset of two or more of the following symptoms: nasal blockage/
obstruction/congestion, discolored nasal drainage, and/or cough [2].

ARS can be further subdivided into acute viral rhinosinusitis, acute post viral
rhinosinusitis, and acute bacterial rhinosinusitis. Patients with acute viral rhinosi-
nusitis have the signs and symptoms of acute rhinosinusitis that commonly last for
5-7 days but less than 10 days, just as do the symptoms of a URI [7-9]. An impor-
tant point in this context is that the paranasal sinuses are involved even during rou-
tine URISs, thus the term, rhinosinusitis, to describe this clinical entity. Kristo and
colleagues investigated 60 children (mean age = 5.7 years) who had acute URI
symptoms for an average of 6 days before MRI scanning [10]. Approximately 60%
of the children had abnormalities in their maxillary and ethmoid sinuses, 35% in the
sphenoid sinuses, and 18% in the frontal sinuses. In 26 children with major abnor-
malities, a follow-up MRI scan taken 2 weeks later showed a significant reduction
in the extent of abnormalities irrespective of resolution of clinical symptoms.
Similarly, sinus involvement occurs in over 50% of adults evaluated during a URI
with spontaneous improvement after symptom resolution [11]. These studies rein-
force the notion that every upper respiratory tract infection is essentially a self-
limited episode of rhinosinusitis with common involvement of the paranasal sinuses
by the viral process. A few of these episodes will evolve into acute bacterial rhino-
sinusitis as outlined above and those will usually require more than expectant man-
agement (Fig. 1.1).

Acute post-viral rhinosinusitis is seen when there is worsening of symptoms
after 5 days or persistent symptoms longer than 10 days (Fig. 1.2). ABRS is defined
as a persistent illness for more than 10 days, worsening course, double sickening
(deterioration after an initial milder phase of illness or a new fever after the sixth or
seventh day of illness) [7], or severe onset of fever and purulent nasal discharge for
at least 3 consecutive days [8]. The symptoms of ABRS include purulent anterior or
posterior nasal discharge, nasal congestion, or and daytime or nighttime cough [9].
ABRS is the fifth most common condition for which an antibiotic is prescribed in
the United States [12]. The most common pathogens involved in acute bacterial
rhinosinusitis are Streptococcus pneumonia, Haemophilus influenzae, and Moraxella
catarrhalis [13].
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— Fever
—— Cough

Sore throat
— Drainage

Intensity of symptoms

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Days of illness

Fig. 1.1 Chronology of symptoms during viral upper respiratory tract infections. Fever and sore
throat peak earliest and are the shortest lasting. Cough and nasal drainage peak later in the course
of a viral URI and last longer. In uncomplicated URIs, most symptoms resolve within 10-12 days
of onset

—— Acute viral rhinosinusitis
— ABRS (persistent symptoms)
—— ABRS (double-sickening)

Intensity of symptoms

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Days of illness

Fig. 1.2 Symptom chronology in viral URI and acute bacterial rhinosinusitis (ABRS). Most of
the symptoms of a viral URI resolve within 10 days of illness. Two scenarios justify making the
clinical diagnosis of ABRS: symptoms of an URI lasting longer than the typical 10 days and the
double-sickening scenario where symptoms of a viral illness start to resolve only to
re-exacerbate
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Recurrent Acute Rhinosinusitis

Recurrent acute rhinosinusitis (RAR) is defined as multiple episodes of acute
sinusitis in which the signs and symptoms of infection resolve completely in
between episodes. It is most commonly four or more episodes of ARS per year with
episodes separated by at least 10 days. During these periods of at least 10 days, the
patient is asymptomatic with no signs and symptoms of ARS. The episodes
themselves must meet the definition of ARS [14]. Factors that seem to predispose
patients to RAR are older pediatric patients, allergy, atopy, and asthma. These
factors are also associated with an increase chance of developing chronic
rhinosinusitis [15]. A study by Brooks et al. in 2004 found that the most common
pathogens identified in patients with RAR were the same as those isolated in
individuals with ARS, Streptococcus pneumonia, Haemophilus influenzae, and
Moraxella catarrhalis, yet there was an increase in antimicrobial resistance [16].

Treatment for RAR can be both medical as well as surgical. A literature review
by Michalowski and Kacker found that patients with four to six episodes of acute
sinusitis that last for 4 weeks or less would benefit from surgical intervention [14].
They recommended that the patients be seen in the office during one of these epi-
sodes to confirm the diagnosis and be treated with both intranasal and oral steroids
and have a CT scan done prior to proceeding with endoscopic sinus surgery. The
extent of the surgery can be limited to bilateral maxillary antrostomies as well as
anterior ethmoidectomies and addressing any additional abnormalities identified on
the CT scan [14].

Chronic Rhinosinusitis

Chronic rhinosinusitis (CRS) in pediatric patients can often be mistaken for other
common clinical entities just like ARS. It is defined as at least 90 days of two or
more symptoms of purulent rhinorrhea, nasal obstruction, facial pressure/pain, or
cough. You must also have either endoscopic signs of mucosal edema, purulent
drainage, or nasal polyposis and/or CT scan showing mucosal changes within the
ostiomeatal complex and/or sinuses [4]. Patients with immune deficiency, cystic
fibrosis, ciliary dyskinesia, and anatomic abnormalities often have chronic rhinosi-
nusitis [17]. After obtaining either endoscopic and/or CT scan findings, CRS can be
further subdivided into chronic rhinosinusitis with nasal polyposis or chronic rhino-
sinusitis without nasal polyposis. Polyps are not a common occurrence in children
in the United States and prompt further evaluation to rule out cystic fibrosis or
allergic fungal rhinosinusitis. They do sometimes occur in the context of severe
asthma. The most common clinical symptoms of pediatric CRS are cough, rhinor-
rhea, nasal congestion, and postnasal drip.

It is often difficult to distinguish chronic rhinosinusitis from adenoiditis based on
symptoms and physical exam findings only. CT scan findings have been shown to
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be useful and a Lund Mackay score of 4 or more is considered more consistent with
CRS [18]. In a chart review from a tertiary care facility with pediatric patients who
presented with symptoms consistent with CRS, Purnell and colleagues identified
those with CRS vs those with adenoiditis based on their CT scores as mentioned
above [19]. They then analyzed the symptoms to see if any specific symptom com-
plex was likely to differentiate the two entities. Of the 99 pediatric patients included,
22 patients had a diagnosis of adenoiditis and 77 had a diagnosis of CRS. When
purulent rhinorrhea was present with facial pain, CRS was statistically more preva-
lent than chronic adenoiditis. Other symptoms including cough, rhinorrhea, and
facial pressure were not predictive of one diagnosis over the other. The authors
concluded that purulent rhinorrhea in the presence of facial pain is more indicative
of CRS versus chronic adenoiditis.

The age when a patient develops CRS helps to determine contributing factors as
well as their management. For example, adenoiditis is a prominent factor in CRS in
younger pediatric patients while allergic rhinitis is more important in older children.
Unlike ABRS, a study by Brooks et al. identified that CRS is most commonly
caused by anaerobic organisms in adult patients. However, aerobic organisms that
cause ABRS can appear in some acute exacerbations of CRS [20]. Studies to deter-
mine the microbiology of chronic sinusitis have been done in adult patients and
have yet to be reproduced in the pediatric population.

The clinical consensus statement on pediatric CRS states that medical treatment
consists of 20 days of an appropriate broad-spectrum antibiotic (culture-directed
choice is encouraged when possible) in addition to daily intranasal steroids and
saline irrigations. For patients who fail medical therapy, adenoidectomy should
be considered the first-line surgical treatment in patients up to 12 years of age and
then endoscopic sinus surgery should be considered [4]. Clearly individualized
care decisions are guided by the treating otolaryngologist within these general
guidelines.

Being able to correctly identify and categorize a patient’s RS will help the
clinician to better treat both the patient and their family. ARS responds well to
conservative management and antibiotic treatment once it becomes bacterial. For
CRS, culture-directed antibiotic treatment as well as daily intranasal steroids and
irrigations are first-line treatment. Identifying any underlying medical problems that
are contributing to a patient’s RS will help to guide treatment as well.
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Chapter 2
Burden and Health Impact of Pediatric
Rhinosinusitis

Aimee A. Kennedy and Mark E. Gerber

Prevalence of Pediatric Rhinosinusitis

The exact prevalence of pediatric rhinosinusitis is difficult to estimate. The reason for
this difficulty is twofold. First, many episodes of rhinosinusitis will resolve without
the patient seeking medical attention, and therefore, these cases will not be captured
by reviews of office- or emergency-based visits. Secondly, for the patients who do
present for medical care, there is a high potential for misdiagnosis as the signs and
symptoms of rhinosinusitis mimic other common pediatric conditions such as aller-
gic rhinitis, adenoiditis, and other upper respiratory tract infections. According to
the consensus statement from the American Academy of Otolaryngology, in order
to definitively diagnose chronic rhinosinusitis, there must be 90 consecutive days
with 2 or more subjective symptoms (nasal congestion, nasal discharge, facial pres-
sure/pain, or cough) and objective evidence of inflammation either on endoscopy or
computed tomography (CT) scan [1]. Differentiating between recurrent upper respi-
ratory infections and persistent sinusitis symptoms over 90 days in duration can be
difficult in children. In addition, depending on the healthcare setting in which the
patient presents, obtaining objective evidence of inflammation may not be possible.
In these cases, the diagnosis of rhinosinusitis must be made on symptoms and other
exam findings alone.

Most episodes of acute rhinosinusitis (ARS) develop from an upper respiratory
tract infection (URI). The average child will experience between 6 and 8 URIs per
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year, of which 5—13% will be complicated by acute sinusitis [2]. Numerous factors
increase the likelihood of developing rhinosinusitis either through increased expo-
sure to pathogens or disruption of normal immune functions. One factor consis-
tently linked with increased risk in young children is daycare attendance. Children
in daycare have a 2.2 times higher likelihood of being diagnosed with acute sinus-
itis, which is significant considering that at least 65% of children in the United
States attend some form of daycare [3, 4]. Cigarette smoke exposure has also been
linked to the development of both ARS and chronic rhinosinusitis (CRS) [5, 6].
Smoke exposure increases local inflammatory mediators, alters the ciliary beat in
sinonasal epithelium [3], and aids in the formation of robust biofilms [7]. Many
studies have sought to find a link between allergic rhinitis and development of
acute and chronic rhinosinusitis; however, no consistent increased risk has been
found. Recent cohort studies have concluded that a history of atopy does not pre-
dict an increased risk of ARS or CRS development [8, 9]. For CRS, a positive fam-
ily history can significantly increase a patient’s risk for developing the disease. The
likelihood of developing CRS is approximately 57.5-fold higher if a sibling has
been diagnosed, 5.6-fold higher if a parent has been diagnosed, and ninefold higher
if a first cousin has been diagnosed [10]. Several other risk factors have been exam-
ined as likely contributors to development of sinusitis and chronic rhinosinusitis,
including anatomic abnormalities, gastroesophageal reflux, and systemic medical
conditions such as cystic fibrosis, primary ciliary dyskinesia, and immune defi-
ciency [11].

Several large database and cohort-based studies have sought to quantify the prev-
alence of ARS in the pediatric population. In a prospective cohort study following
over 3000 children at a primary care pediatric practice, 9.3% of children over 5 years
old and 7.2% of children less than 5 years old were noted to develop ARS [6].
Similarly, a separate cohort study which screened over 1300 patients presenting to
a primary care clinic for sinonasal symptoms found that 10% of children between 1
and 5 years of age met clinical criteria for sinusitis, and of the patients presenting
specifically with URI symptoms, 17% of those patients had sinusitis [12]. A Swedish
cohort survey of 13—14-year-olds found a 12% prevalence of current ARS symp-
toms [13]. With respect to databases, both the National Ambulatory Medical Care
Survey (NAMCS) and the National Hospital Ambulatory Medical Care Survey
(NHAMCS) have been used. Both are comprised of large surveys administered
annually by the National Center for Health Statistics. The NAMCS includes data
related to ambulatory care visits to office-based physicians, while the NHAMCS
includes data on visits to hospital- and outpatient-based emergency centers. A
review of these databases from 2005 to 2012 found an average of 1.6 million visits
per year for ARS, which comprised approximately 0.6% of the total visits for all
pediatric encounters [14]. For comparison, the visit rate for other common pediatric
conditions were 2.6% for allergic rhinitis, 8% for upper respiratory infections, and
6.7% for otitis media [14]. In summary, despite the difficulty with estimating preva-
lence of ARS, based on the literature, the rate falls somewhere between 7% and
12%, with a lower annual visit burden when compared to other more common pedi-
atric conditions.
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For patients with ARS, if the symptoms persist for over 12 weeks, they are con-
sidered to have chronic rhinosinusitis (CRS). The prevalence of CRS is well docu-
mented in the adult literature, with estimates between 8% and 10% of adults being
affected [15, 16]. In the pediatric literature, a prospective cohort study following
3112 Swedish children from birth until 16 years of age, found 1.5% of patients had
symptoms of CRS on self-reported survey [17]. At the time of follow-up, only 0.8%
had continued symptoms of CRS, and of those patients, endoscopic evidence of
CRS was seen in 0.3% [17]. Despite the overall low prevalence of CRS, findings
from the NAMCS and NHAMCS database review found between 3.7 and 7.5 mil-
lion visits per year, which comprised 2.1% of all pediatric ambulatory encounters
[14]. Visits for CRS were more common than for ARS across all age groups and
became more common than visits for otitis media in the 15-20-year-old age groups.
In a study of children with chronic respiratory complains, 63% of them were noted
to have sinus disease on CT imaging, with lower age being the most significant
predictor of positive CT findings [18]. Similarly, a review of CT scans performed on
196 children with sinonasal symptoms showed that the severity and number of
involved sinuses decreased with increasing age [19]. In summary, while CRS is less
prevalent than ARS, with less than 1.5% of children meeting criteria, the number of
ambulatory visits and healthcare utilization is higher.

Quality of Life Impact

Rhinosinusitis is an inflammatory disease of the nose and paranasal sinuses which
may present with purulent nasal discharge, cough, headache, irritability, facial pain,
fevers, and/or postnasal drip. In younger patients, the predominant symptoms tend
to be purulent rhinorrhea and congestion, whereas in older patients, congestion,
postnasal drip, and sore throat related to chronic drainage tend to predominate. Even
with adequate treatment of an acute episode, these symptoms can last up to 3 weeks.
For patients with CRS, these symptoms can last for years. For patients with rhinosi-
nusitis, particularly CRS, they can have a significantly impaired health-related qual-
ity of life. In a study by Cunningham et al. in 2000, the Child Health Questionnaire
(CHQ) was given to patients with CRS and their caregivers [20]. These responses
were then compared to previously reported healthy controls. The caregivers reported
significant reductions in the child’s ability to participate in physical activities, per-
ception of overall health, bodily pain, limitations in personal time due to the condi-
tion, guardian distress regarding the child’s condition, and mental health problems.
The children with CRS reported significantly worse body pain scores and limita-
tions in school-related activities and activities with friends. The differences between
the CHQ data for the caregivers versus the patients indicates that there is a discrep-
ancy in perception of how significantly CRS is affecting the health-related quality
of life. Interestingly, when CRS was compared to other common chronic pediatric
conditions such as attention-deficit/hyperactivity disorder (ADHD), psychiatric dis-
orders, juvenile rheumatoid arthritis, epilepsy, and asthma, the CRS children and
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their caregivers reported more physical limitations in school- and play-related activ-
ities and more bodily pain than what was reported for these other conditions. In the
cross-sectional cohort study of 13—14-year-olds in Sweden, 45% of the responders
reported severe symptoms in which 35% had sleep disturbances and 54% had limi-
tations in daily activities [13]. Objectively, many patients with CRS have olfactory
dysfunction, with mean olfactory thresholds in the hyposmia range, which may also
impact quality of life [17].

For those patients who require surgical intervention, adenoidectomy and endo-
scopic sinus surgery (ESS) are the most commonly performed procedures. Rudnik
and Mitchell performed a quality of life assessment for patients undergoing these
surgical interventions using the Sinus and Nasal Quality of Life Survey (SN-5) and
found that surgical intervention led to improvement in all measured domains, with
the greatest improvement in the “emotional distress” category and least improve-
ment in the “allergy symptoms” [21].

Quality of Life Surveys

In adults, there are many different validated tools for assessing quality of life related
specifically to sinonasal disease. These surveys include the Sinonasal Outcomes
Test (SNOT-22), Chronic Sinusitis Survey (CSS), and the Rhinosinusitis Disability
Index (RSDI). Measuring quality of life outcomes in the pediatric population is
distinctly different due to the difficulty of extracting subjective data from young
children and ensuring that the survey includes the health topics that are important to
children, adolescents, and teenagers. These additional topics could address issues
such as family relations, self-esteem, and physical/emotional development. Various
health-related quality of life surveys have been developed for the pediatric popula-
tion, such as the Child Health and Illness Profile (ages 11-17 years) and the Child
Health Questionnaire (ages 5—18 years). With regard to quality of life specific to
pediatric sinonasal disease, currently the only validated symptom questionnaire is
the Sinus and Nasal Quality of Life Survey (SN-5) [22]. This tool has been shown
to have good test-retest reliability, validity, and responsiveness. It measures symp-
tom severity across five domains of sinus infections, nasal obstruction, allergy
symptoms, emotional distress, and activity limitations, as well as an overall quality
of life score [22].

Social Disparities

Disparities among access to healthcare, quality of healthcare, diagnosis rates, use of
ancillary testing/imaging, and drug prescribing habits have been documented in a
variety of pediatric conditions [23, 24]. In a large-scale analysis of primary care
pediatricians treating upper respiratory tract infections, Gerber et al. found that
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African American children were less likely to be diagnosed with otitis media, sinus-
itis, or group A streptococcal infection [25]. Additionally, African American chil-
dren were 25% less likely to receive an antibiotic prescription, even on an individual
clinician basis [25]. Using the 2008 National Emergency Department Sample
Database, Sedegahat et al. found that emergency rooms in the northeast and south,
particularly metropolitan hospitals, were three to six times more likely to use imag-
ing in the workup of acute sinusitis [26]. Additionally, patients with private health
insurance and higher socioeconomic status were more likely to have imaging per-
formed in their workup, especially CT scan. These differences in access, workup,
and treatment also extend into differences seen among the complications related to
sinusitis. Another study by Sedaghat et al. reported a dichotomy between the chil-
dren with orbital complications versus those with intracranial complications—find-
ings that orbital complications were associated with higher income and private
insurance, whereas intracranial complications were associated with Medicaid or no
insurance [27]. While the exact cause of these disparities is difficult to pinpoint, it is
an area that warrants further investigation in order to better understand and correct
these inequities.

Financial and Societal Burden

There are both direct and indirect costs related to the diagnosis and treatment of
ARS and CRS. Direct costs include money spent on office visits, emergency room
or urgent care visits, imaging, treatments, and medications. In 1996, these costs
were estimated at 5.8 billion, with 1.8 billion spent on children under 12 years of
age [28]. A more updated figure from 2007 estimated that the direct expenditures
were around 8.6 billion [29]. The indirect costs of ARS and CRS are more difficult
to quantify but are numerous. In addition to missed school for children and missed
work for the caregivers, it is important to also consider things such as risks associ-
ated with imaging, side effects related to treatments, and rising resistance of micro-
organisms related to antibiotic overuse.

CT scan is the gold standard imaging modality for visualizing sinus inflamma-
tion/infection. While this is primarily obtained for patients with CRS as opposed to
ARS, thoughtful consideration regarding the utility of the study and which patients
would benefit from it should be given since CT scans involve radiation exposure.
This is especially important in the case of younger children in whom 25-30% of the
bone marrow is located in the skull. In order to minimize radiation risk, it is impor-
tant to be judicious in deciding to proceed with imaging and to use the lowest pos-
sible dose of radiation.

Once the determination of ARS and CRS have been made, the majority of
patients will then proceed with some form of antibiotic therapy. A variety of differ-
ent antimicrobials are used including beta-lactams, fluoroquinolones, macrolides/
azalides, lincosamides, and sulfonamides/trimethoprim. In addition to the direct
monetary cost of these medications, there is great concern regarding overprescrib-
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ing. Antibiotic-resistant organisms have been increasing and are a great public
health concern. The development of antibiotic resistance is primarily driven by anti-
biotic use. In order to cut back on inappropriate antibiotic use, both the Centers for
Disease Control and the White House have launched campaigns targeted at reducing
unnecessary or inappropriate use. In the pediatric population, the top three condi-
tions associated with antibiotic prescriptions are sinusitis, suppurative otitis media,
and pharyngitis [30]. While antibiotics for true bacterial infections constitutes
appropriate use, up to 50% of the antibiotics prescribed in a primary care pediatric
setting for upper respiratory infections are inappropriately prescribed [30]. The high
rate of inappropriate prescriptions highlights the importance of accurate diagnosis
and antimicrobial stewardship.

Conclusion

ARS and CRS will affect approximately 7-12% and 1-2% of children, respectively.
While these conditions are less prevalent than other conditions such as URIs, otitis
media, and pharyngitis, they both carry significant quality of life impacts and result
in high direct and indirect healthcare expenditures. A better understanding of how
quality of life (QOL) is impacted across the various age groups is essential in order
to mitigate these negative effects. While many sinonasal specific and validated QOL
questionnaires exist for adults, there is currently only one for the pediatric popula-
tion—the SN-5. Additionally, ARS and CRS are both diseases entities in which
improvements can be made in correcting healthcare disparities and decreasing inap-
propriate antibiotic usage.
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Chapter 3
Pathogenesis of Pediatric Rhinosinusitis

Lyuba Gitman and Maria Pefia

Rhinosinusitis (RS) is an inflammatory process of the mucosal lining of the parana-
sal sinuses and the nasal cavities with a complex and multifactorial pathogenesis
that is partially impacted by clinical presentation and duration of symptoms [1-5]
(Table 3.1). RS presenting for less than 12 weeks is classified as acute RS [1, 2]. The
2012 European Position Paper on Rhinosinusitis and Nasal Polyps further subdi-
vides pediatric acute RS into acute viral RS, acute postviral RS, and acute bacterial
RS depending on etiology, in addition to duration of symptoms [1]. Pediatric chronic
rhinosinusitis (CRS) is characterized by sinonasal mucosal inflammation for more
than 90 consecutive days of sinonasal symptoms. Current consensus is that objec-
tive criteria based on nasal endoscopy and/or CT scan should support the diagnosis
of CRS [1, 2, 5]. CRS can be further delineated depending on whether patients have
NP, which are outgrowths of the sinonasal mucosa. Recurrent acute bacterial RS is
defined as four or more episodes per year of acute bacterial RS without signs or
symptoms of RS between episodes [1, 2].

Normal Paranasal Sinuses Physiology

Normal sinonasal physiology is dependent on effective mucociliary clearance
(MCCQ). It is the primary physical defense of the respiratory tract, complementing
the epithelial layer mechanical barrier, and relies on both mucus production and
transport [6, 7].

Each of the paranasal sinuses are each lined with respiratory epithelium com-
posed of pseudostratified columnar ciliated epithelial cells joined by tight junctions
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Table 3.1 Rhinosinusitis definitions

Term Definition
Acute Sudden onset of two or more of the following symptoms for <12 weeks:
rhinosinusitis mucopurulent drainage (anterior, posterior, or both), nasal obstruction/

congestion, facial pain/pressure, or cough

Acute viral
rhinosinusitis

Suspected viral etiology; duration of sinonasal symptoms less than 10 days

Acute postviral
rhinosinusitis

An increase in sinonasal symptoms after 5 days, or persistent symptoms
after 10 days, but lasting less than 12 weeks

Acute bacterial
rhinosinusitis

Persistent upper respiratory tract symptoms more than 10 days (cough or
nasal discharge or both)

OR

Recurrence of symptoms (fever, worsening cough, worsening or new
purulent rhinorrhea) after initial improvement (double worsening)

OR

Severe onset of symptoms such as fever or purulent nasal discharge lasting
at least 3 consecutive days

Chronic
rhinosinusitis

At least 90 continuous days of two or more of the following symptoms:
mucopurulent rhinorrhea (anterior, posterior, or both), nasal obstruction/
congestion, facial pain/pressure, or cough

AND

Endoscopic signs of mucosal edema, purulent drainage, or nasal polyps
and/or CT scan evidence of mucosal changes in the ostiomeatal complex
and/or the paranasal sinuses

Recurrent acute
rhinosinusitis

Four or more episodes of acute bacterial rhinosinusitis per year without
signs or symptoms of rhinosinusitis between episodes

Adapted from references [1-5]

interspersed with goblet cells [8, 9]. The respiratory epithelium is covered with a
film of liquid about 10-pm deep known as the airway surface liquid (ASL) lining
made of an upper antimicrobial rich mucus “gel” layer [10] that entraps inhaled
particles and pathogens, and rests on top of a less-viscous fluid periciliary layer sur-
rounding the cilia located at the tip of the respiratory epithelial cells. The propulsion
of mucus out of the sinonasal cavities is due to coordinated ciliary movements
known as the metachronal wave [7, 11]. Each of the paranasal sinuses has a distinct
secretion flow pattern (Fig. 3.1) with variations in flow velocities [12]. Effective
MCC is critical for adequate drainage of the paranasal sinuses as the sinus ostia are
not always located in the most dependent areas of the sinuses.

The normal quality and consistency of the sinonasal secretions and the ASL lin-
ing are another integral component of effective MCC. The consistency of ASL layer
is regulated by small-molecule neurotransmitter and neuropeptide epithelial recep-
tors that control mucus secretion and viscosity [13]. Sinonasal epithelial cells also
contribute to the integrity of the ASL by producing antimicrobial peptides (AMPs)
that assist in detecting and eliminating pathogens (Fig. 3.2). These include lyso-
zyme, lactoferrin, antitrypsin, surfactant proteins (SP), defensins, and S100 proteins
[14, 15]. Pathogens exhibit conserved microbial-specific structures known as
pathogen-associated molecular patterns (PAMPS) [16, 17], which when recognized
by PAMP receptors on epithelial cells, induce the release of AMPs. In addition to
AMPs, mucin glycoproteins, or mucins, which are the major macromolecular com-
ponents of mucus [18], bind surface adhesins on microorganisms [19], reducing
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Fig. 3.1 (a) Stellate transport routes of mucus in the maxillary sinus which all move toward the
natural maxillary ostium. (b) Mucus is transported into the frontal sinus along the interfrontal
septum and travels laterally along the frontal sinus roof. The mucus then moves medially along the
sinus floor and exits the frontal sinus via the lateral aspect of its ostium. A whorl-like formation in
the ciliary pattern superior to the frontal sinus ostium results in some of the mucus recirculating
through the frontal sinus more than once. Recirculating mucus represented by dotted lines

Trapped bacteria
and viruses

* :"- 4-— AMPs (LTF, Iysozyme defensins);
Ciliary

Fluid
regulation ucms

Ciliated Goblet cell \ + l \ * l
epithelial

cells Chemokines Cytokines
(IL-8, MIP-1, MCP-1, (IL-1B, IL-6, TNFa, etc.)

RANTES, etc.) l

Immune cell recruitment
(macrophages, dentritic cells, eosinophils,
neutrophils, T cells, NK cells)

Fig. 3.2 Sinonasal innate immunity is comprised (or composed) of several mechanisms including
the protective physical barrier formed by healthy respiratory epithelial cells and the removal of
inhaled particles and pathogens by mucociliary clearance (MCC). In addition, sinonasal epithelial
cells produce antimicrobial peptides (AMPs), reactive oxygen species (ROS), and reactive nitrogen
species (RNS) that assist in detecting and eliminating pathogens. Epithelial cells also secrete cyto-
kines to activate inflammatory pathways and recruit dedicated immune cells with prolonged patho-
gen exposure. LTF, lactotransferrin; MCP-1, monocyte chemotactic protein 1; MIP-1, macrophage
inflammatory protein-1. (Reprinted from Stevens et al. [6]. Used by permission of Elsevier)
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their ability to colonize the epithelium [20]. The sinonasal mucosa also generates
reactive oxygen species (ROS) that can directly damage bacteria [21], and nitric
oxide (NO) thought to be critical for airway innate immunity, due to its antiviral and
bacteriostatic properties [22—-24] and suspected role in the regulation of epithelial
ciliary beat activity [25]. Toll-like receptors (TLRs) are PAMP receptors, which
when activated, not only promote airway cells to secrete AMPs, but also induce the
secretion of chemokines and cytokines that are important for immune cell recruit-
ment, activation of inflammatory pathways, and ultimately, initiation of communi-
cation between the innate and adaptive immune systems [16, 26].

Pathogenesis

In order for the paranasal sinuses to function effectively, the MCC mechanism has to
be intact, the sinus secretions normal, and sinus ostia patent. The disruption or alter-
ation of any one of these factors, or combination of these factors, can lead to sinus-
itis. When sinus ostial obstruction occurs, mucus, which is continuously secreted by
the sinus mucosa, accumulates in the sinus cavity and impairs sinus gas exchange
reducing sinus ventilation. The entrapped oxygen is absorbed by the mucosa leading
to hypoxia, and the sinus secretions stagnate and thicken. This damages the epithe-
lium and cilia, undermining the protective mechanisms of respiratory mucosa. The
retained secretions also result in mucosal inflammation, and ultimately, bacteria to
adhere and aggregate into biofilms, allowing infections develop (Fig. 3.3) [27, 28].
Even if the infection is cleared, the sinus mucosa may have persistent inflammation
and thickening causing continued ostial obstruction perpetuating this cycle [6-9].
The pathogenesis of RS is mediated by many physiologic mechanisms that result
in abnormal MCC and sinus ostial obstruction. It is influenced by a number of local
and systemic patient comorbidities closely associated with pediatric RS. These con-
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Fig. 3.3 (a) The airway surface liquid (ASL) lining is made of a mucus layer (1), periciliary layer
(PCL) (2), and ciliated columnar epithelial cells with cilia extending into the PCL (3). (b) When
the ASL lining becomes thickened, the cilia collapse, so that the viscous mucus cannot be cleared
and bacteria can attach and aggregate forming a biofilm (red particles). As the cilia fold over the
epithelium, the PCL decreases in height (2) resulting in columnar epithelium with inefficient cilia
(3). (From Hendrik and Raubenheimer [27]. Reprinted per open access terms of the Creative
Commons Attribution License)
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ditions frequently exacerbate and may even precipitate the development of pediatric
sinusitis and include asthma, allergy, polyposis, cystic fibrosis, ciliary dyskinesias,
and immunodeficiency syndromes, among others. In addition, bacteria, viruses, and
environmental agents are thought to play a critical role in initiating and sustaining
the altered immune response that results in mucosal inflammation and mucus hyper-
secretion characteristic of RS.

Systemic Comorbidities Associated with Rhinosinusitis
Allergic Rhinitis

Allergic rhinitis (AR) and RS often occur together, and in children the concordance
between these two diseases has been reported to be between 25% and 70% [29]. In
a retrospective review of 92 patients (14 adults) with recurrent ARS, those patients
with AR sustained 1.09 more sinus infections than nonallergic patients [30].
Children with atopy are more likely to develop ARS than those that are nonatopic
[31] and more than 50% of children with AR have abnormal sinus radiographs [32].
Studies in a mouse model showed that an ongoing nasal allergic reaction augmented
an acute bacterial sinusitis compared with allergen sensitization without an allergic
reaction, suggesting that an ongoing allergic reaction and not sensitization, impacts
the expression of acute bacterial RS [33-35]. Yu et al. [36] proposed that local
mucosal responses to infection involving Thl cells is altered by the ongoing local
mucosal response to allergens [35, 36].

While there is strong support for a role for allergic inflammation impacting acute
bacterial RS [1, 2], the data demonstrating an association between pediatric CRS and
AR are variable and have contrasting results. Some studies have reported a positive
correlation and a high prevalence of atopy in pediatric CRS patients [37, 38]. Other
studies have recorded rates of AR in children with pediatric CRS of between 26.9%
[39] and 29.9% [40], which fall within the estimated prevalence rate of 10—40% for
AR in the general pediatric population [41, 42]. Sedaghat and colleagues found that
those children with AR who developed subsequent CRS did not have more severe
subjective AR or more severe objective quantitative atopy measurements [43]. The
lack of positive association between atopic conditions and the presence of CRS in
the literature makes it difficult to arrive at any conclusions [35, 39, 40, 43]. It is pos-
sible that infectious etiologies may play a more significant role rather than just
inflammation in the pathogenesis of this disease in the pediatric population [43, 44].

Asthma
Asthma is an inflammatory disease characterized by reversible airway obstruction

that frequently coexists in children with RS. Asthmatic children have been demon-
strated to have sinonasal abnormalities on radiographic studies [32, 45], and in one
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investigation, 61 of 128 pediatric patients with asthma were diagnosed with RS on
nasal endoscopy [46]. Several studies have shown that bronchial hyperresponsive-
ness in asthmatic children with sinusitis dramatically improved with medical ther-
apy for sinusitis [47-50]. Pediatric patients who have undergone sinus surgery are
also reported to have an improvement in asthma [51, 52] and sinus [52] symptom:s.
In 2015, Anfuso and colleagues found that the inflammatory response in the sinus
and adenoid mucosa of children with asthma and CRS was similar, but more
severe, compared with the pediatric patients that had CRS but no asthma [53], sug-
gesting that children with asthma and CRS have a similar but more severe form of
the same inflammatory process [53]. Several paradigms have been proposed to
explain the relationship between asthma and sinusitis. They include (a) propaga-
tion of inflammation through a contiguous upper and lower respiratory tractor
(“united airways” hypothesis), (b) aspiration of mucopurulent secretions or media-
tors released from activated inflammatory cells in the infected sinonasal tract into
the distal airways, (c) systemic absorption of locally produced inflammatory medi-
ators and (d) a neurogenic link based on cholinergic-mediated naso-sino-bronchial
reflexes [53-55].

Immunodeficiency

Investigations into immunodeficiency diseases have usually focused on patients
with severe recurrent or chronic RS who have failed appropriate medical and/or
surgical management. Most of these studies have shown increased rates of immu-
noglobulin deficiencies and inadequate response to immunization. Shapiro and
colleagues [56] prospectively evaluated the immune function of 61 children
(2-13 years of age) with refractory CRS by quantitative serum immunoglobulin
levels, IgG subclass levels, and response to pneumococcal and Haemophilus influ-
enzae vaccines. They found that 17 patients had depressed levels of immuno-
globulins, 23 children had an inadequate response to vaccination and 6 patients
had both. Decreased I1gG3 levels and poor response to pneumococcal antigen 7
were the most common abnormalities seen. Costa Carvalho and associates [57]
evaluated 27 children (7-15 years of age) with either recurrent or chronic CRS
and found both IgA and IgG subclass deficiencies in these patients. In another
retrospective investigation, Javier and associates determined that the most com-
mon type of antibody deficiency (23.1%) in a pediatric cohort with an §-year his-
tory of recurrent infections was specific antibody deficiency based on a
dysfunctional response to pneumococcal vaccination [58]. Furthermore, it has
been shown that pediatric patients who do not produce protective pneumococcal
antibodies after pneumococcal vaccination continue to have multiple infections
including recurrent sinusitis, otitis media, and pneumonia [59]. Although B-cell
or humoral abnormalities are usually associated with pediatric recurrent and
chronic sinonasal infections, other components of the immune system may be
impaired. Consultation with a clinical immunologist may be beneficial in these
cases.
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Sinonasal Mucosal Immune Responses

The sinonasal mucosa forms a physical epithelial barrier which functions as part of
the innate immune system. Mucins are an important part of this barrier against
pathogens and contaminants. They are secreted by surface epithelial goblet cells
and submucosal glands and are delineated by MUC genes that encode for the mucin
protein backbones [60]. Pefia and colleagues demonstrated that the sinus mucosa of
children with CRS has a significant increase in the area of submucosal glands com-
pared to children without this disease (Fig. 3.4), and that the glandular mucins
MUCS5B and MUC7 were expressed in the submucosal glands and goblet cells of
children with and without CRS [61]. Moreover, Saieg and co-investigators showed
an increased abundance of MUC 5B in the sinus secretions of children with CRS
[62]. Taken together, this suggests that glandular mucins are responsible in part for
the mucus overproduction characteristic of pediatric CRS. MUC5B and MUC7 may
have bacteriostatic properties which also contribute to their role in creating and
maintaining the sinus mucosal physical and physiologic barrier to pathogens and
cytotoxins [61].

Immunohistopathologic studies have been conducted on the mucosal biop-
sies of children with CRS to determine the nature of the inflammatory response
in pediatric CRS and if it changes with age. Chan and colleagues examined
maxillary sinus biopsies of children with CRS ages 1-8 years. They found
increased numbers of neutrophils and lymphocytes and less eosinophils and
major basic protein positive cells compared with adult maxillary sinus speci-
mens [63]. In addition, they also found less epithelial disruption and thickening
of the basement membrane in the pediatric CRS tissues children [63]. In a simi-
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Fig. 3.4 (a) Quantification of submucosal glands in the sinus mucosa of children with and without
CRS demonstrated a statistically significant increase in the glandular area in pediatric CRS mucosa
compared to normal sinus mucosa. (b) Alcian blue-periodic acid Schiff staining of (A) normal
sinus mucosa and (B) pediatric CRS mucosa. Glandular hyperplasia is present in children with
CRS. Bars-100 pm; original 100x. (Table and photos from Pefia et al. [61]. Used by permission of
Sage Publications)
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lar study, Coffinet et al. found more CD8+ (cytotoxic T cells), myeloperoxidase
(MPO+) (neutrophils), CD68+ (monocytes/macrophages) cells, and a trend
toward more T cells in the epithelium of pediatric CRS maxillary sinus mucosa
[64]. Even though the patients were older (mean 11.6 versus 3.9 years), the
pediatric tissues had less epithelial damage and eosinophils when compared
with adult sinus mucosal biopsies [64]. The higher numbers of monocytes/mac-
rophages, neutrophils, and natural killer cells in the sinus mucosa of children
with CRS compared with adults may reflect an elevated activation of the innate
immune system, which Coffinet and colleagues hypothesized may be due to a
dysregulation of the innate immune system in pediatric CRS [64]. Although
children with pediatric CRS had less evidence of epithelial damage than adults,
they may have enough disruption of their epithelial barrier to allow for
prolonged exposure of pathogens and/or allergens resulting in further aberra-
tions in the innate immune response and subsequent recruitment of the adaptive
immune system [8, 65] leading to the immunopathologic changes seen
with CRS.

Microarray analyses, which have enabled the identification of differentially
expressed genes in sinus mucosa of children with CRS, have demonstrated
increased messenger RNA expression of the chemokines CXCLS5 and CXCL13
involved in the adaptive immune response and of the innate immune mediators,
beta defensin 1 (DEFBI1), serum amyloid A2, and serpin B4 [66].
Immunohistochemical analysis localized all five of these mediators to ciliated
and basal bells in the pseudostratified epithelium and to glandular cells [67].
CXCL13, a potent B cell chemoattractant [68, 69], was also seen in macro-
phages and T and B lymphocytes [67] in the pediatric sinus mucosa. This sug-
gests that CXCL13 may be contribute to the recruitment of these immune cells
to sustain the mucosal inflammation seen in pediatric CRS. CXCLS5, which is
involved in chemotaxis of neutrophils [70], was also present in T cells [67]. It
may play a role in the recruitment of neutrophils and/or T cells in this disease.
Further studies will be needed to help elucidate the role of CXCL13 and
CXCLS in the pediatric RS.

Cystic Fibrosis

Cystic fibrosis (CF) is an autosomal-recessive disease causing exocrine gland dys-
function that presents with pulmonary obstruction, CRS, and pancreatic insuffi-
ciency. It is caused by mutations in the CF transmembrane conductance regulator
(CFTR) gene on the long arm of chromosome 7 (7q31). The CFTR gene encodes
for a protein called the CF transmembrane conductance regulator which functions
as a chloride channel regulated by cyclic adenosine monophosphate (cAMP). In
CF, CFTR gene mutations result in abnormal or nonfunctional c-AMP-regulated
chloride channels causing a decrease in chloride permeability across apical
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membranes of epithelial cells [71, 72]. The latter leads to an influx of sodium and
water into cells, making the extracellular matrix of exocrine secretions much
more viscous. The abnormal chloride conductance and sodium exchange destroys
the delicate balance of the ASL lining making it more difficult to clear the thick-
ened secretions from the sinonasal passages, even though ciliary beat frequency
does not change [73].

MCC in CF is further impaired by bacterial compounds produced by pathogens
like Staphylococcus aureus and Pseudomonas aeruginosa which are known to
colonize the airways of CF patients [74]. These pathogens, in addition to
Streptococcus pneumoniae, Haemophilus influenzae, and Aspergillus fumigatus,
all produce compounds that impair ciliary motion, coordination, or both [75-78].
In addition, bacterial infections themselves exacerbate the chronic inflammation
seen in CF causing goblet cell hyperplasia, squamous cell metaplasia, and the loss
of ciliated epithelial cells [79] further disrupting the epithelial cell barrier. The
thickened secretions and chronic inflammatory state present in CF result in
chronic sinonasal mucostasis resulting in mucosal hypoxia [80]. Hypoxia, which
has been shown to affect epithelial CFTR transcription and function in patients
with normal CFTR [81], may lead to acquired defects in chloride transport [81] if
persistent.

Approximately 6.75-48% of children with CF have nasal polyps [82, 83]. The
pressure exerted by nasal polyps and/or thick inspissated secretions on the lateral
nasal wall often lead to medial displacement of the lateral nasal wall and the
formation of a “pseudomucocele” (Fig. 3.5). Children with these findings should

Fig. 3.5 Computed tomography scan of a patient with cystic fibrosis and medial displacement of
the medial maxillary sinus wall due to pressure exerted by nasal polyps and/or thick inspissated
secretions or a “pseudomucocele”



26 L. Gitman and M. Pefa

be evaluated for CF [84, 85]. Although the exact etiology of nasal polyps is not
clear, nasal polyps seen in CF are associated with neutrophilic Thl-mediated
inflammation [86] and the Thl inflammatory mediators IL-8 and myeloperoxi-
dase [87]. Claeys and colleagues have also showed that mRNA for the AMP
human p defensin 2 and pattern recognition receptor Toll-like receptor 2 were
significantly increased in CF nasal polyps [79]. Other AMPs that are upregulated
in CF include SP-A, SP-B, and SP-D [88-91]. The upregulation of these and
other AMPs may be triggered by the recognition of PAMPs on pathogens colo-
nizing or infecting CF upper airways by Toll-like receptors [92-94]. Hypoxia
created by means of anatomic obstructions like nasal polys can also affect MCC
by promoting polypogenesis [95].

Nasal Polyps

Nasal polyps are unusual in young children [96]. Most studies suggest that it is
uncommon for nasal polyps to present before the age of 10 years [97]. When
they occur, pediatric nasal polyps are associated with CRS and systemic dis-
ease like CF or primary ciliary dyskinesia (PCD) or, very rarely, aspirin-exac-
erbated respiratory disease [98]. Unilateral nasal polyps presenting in a child
should be evaluated further for congenital abnormalities like meningoencepha-
loceles and intranasal gliomas, malignancies, or antral choanal polyps [96, 97].
Triglia and colleagues evaluated 46 children with nasal polyps and found 5/46
(10%) with asthma and 27/46 (58.6%) with CF [99]. Other studies found the
incidence of NP in CF to be between 6.75% and 48% [82, 83]. Nasal polyps
also occur in children with severe CRS. Almost half of children undergoing
endoscopic sinus surgery for severe recurrent chronic CRS have nasal polyps
[100, 101].

Allergic fungal rhinosinusitis (AFRS), another systemic disorder associated
with pediatric nasal polyposis, is the most common form of fungal CRS in chil-
dren [102]. It is a noninvasive form of fungal CRS caused by a hypersensitive
reaction to the inhaled fungi. In 2003, Kuhn and Swain [103] described five
major and six minor criteria for diagnosis of AFRS. The former were (1) type I
IgE-mediated hypersensitivity, (2) nasal polyposis, (3) characteristic CT find-
ings, (4) allergic mucin, and (5) positive fungal smear and/or culture. The latter
criteria included (1) asthma, (2) unilateral predominance, (3) radiographic bone
erosion on CT, (4) positive fungal culture, (5) Charcot-Leyden crystals, and (6)
serum eosinophilia (Fig. 3.6). The fungi responsible for AFRS in children are
similar to those found in the adult population and include Aspergillus, Curvularia,
Alternaria, and Bipolaris species [104-107]. Children with AFRS most com-
monly present with unilateral [104, 106] nasal obstruction. Asymmetrical facial
disorders/anomalies are diagnosed more often in children than adults [104,
106-108].
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Fig. 3.6 Nasal endoscopic view of polyps (a) and allergic mucin (b) in a patient with allergic
fungal sinusitis

Mucociliary Dysfunction

Primary ciliary dyskinesia (PCD) is a heterogeneous genetic disorder characterized by
ciliary dysfunction resulting in impaired MCC that prevents the clearance of mucous
from the lungs, paranasal sinuses, and ears. The impaired MCC leads to chronic airway
inflammation and infection including CRS. Over 30 mutations in cilia structural genes
[109, 110] have been identified in patients with PCD, but the most common cilia abnor-
malities reported are the lack of outer dynein arms or a lack of both inner and outer
dynein arms [111, 112]. The estimated incidence of this disease is between 1 in 15,000
and 1 in 30,000 births [113]. Nasal polyps have been reported to occur in 18-33% of
patients with PCD and usually present during adolescence [113-115]. About 50% of
patients with PCD have solid organ transposition (situs inversus), bronchiectasis, and
CRS, which is known as Kartagener’s syndrome [116]. Low intranasal NO production
and saccharin transit tests [117, 118] have been used as screening tests to diagnose PCD
but have been associated with a high rate of false-negative results in children [2].
Combined approaches using ultrastructural analysis of respiratory epithelial biopsies
and ciliary beat frequency assessment have yielded more consistent results [119-121].

Gastroesophageal Reflux Disease

Gastroesophageal reflux disease (GERD) has been implicated in the pathogenesis of
pediatric CRS. Acid-induced injury of the sinonasal mucosa has been proposed to
initiate and sustain an inflammatory response leading to paranasal sinus ostial
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edema and impaired mucociliary clearance [122]. Although some studies have dem-
onstrated nasopharyngeal reflux in children with symptoms of CRS [122-125] that
improved with medical treatment of GERD [123-126], the association between
GERD and pediatric CRS remains unclear. In the 2014 Clinical Consensus Statement
on pediatric CRS, consensus could not be obtaining regarding the contribution of
GERD on pediatric CRS or the routine treatment of GERD in the management of
these patients [5].

Regional Anatomical Factors Associated with RS

Sinonasal Anatomic Factors

Structural abnormalities of the nasal cavities or the paranasal cavities are unusual
causes of pediatric RS. The most common anatomical abnormalities found in chil-
dren with CRS are a concha bullosa [127] and agger nasi cell [128, 129]. Other
anatomical abnormalities identified include pneumatization of the superior concha,
Haller’s cell, nasal septal deviation, paradoxical middle turbinate, and obstructive
adenoid hypertrophy [1, 127-130]. Nasal septal deformities tended to be less com-
mon in children than adults [2, 127]. Although there was no control group in any of
these investigations to determine whether sinonasal anatomical abnormalities
occurred at a higher incidence in children with CRS compared to children without
RS [127-129], Al-Qudah found no radiographic correlation between the severity of
pediatric CRS and anatomical abnormalities in the CT scans of children with persis-
tent symptoms of CRS after maximal medical management [128]. Willner and col-
leagues also failed to demonstrate an association between sinonasal anatomic
abnormalities and the presence or extent of CRS in children [131].

Role of the Adenoids

The adenoids may predispose a certain proportion of children to develop RS by
causing mechanical obstruction and subsequent stasis of sinonasal secretions [132]
or by acting as a reservoir for pathogenic bacteria [133]. The results of most inves-
tigations suggest that the function of adenoid as a bacterial reservoir in the patho-
genesis of pediatric CRS is more important than the size of the adenoid. Bercin and
associates reviewed the paranasal CT scans of children who underwent adenoidec-
tomy for symptoms of RS and showed no correlation between the size of the ade-
noid and the severity of sinusitis on imaging [134]. Bacterial isolation rates from
pediatric adenoids were significantly increased according to the degree of severity
of sinusitis seen on radiographs especially for Haemophilus influenzae and
Streptococcus pneumoniae, but not according to adenoid size [135]. Elwany and
colleagues demonstrated a significant similarity between bacteria isolated from
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adenoid core and middle meatal cultures in pediatric CRS patients which included
coagulase-negative staphylococci, Staphylococcus aureus, Streptococcus pneu-
moniae, Haemophilus influenzae, and group A streptococci [136]. The adenoid core
cultures in this study had a negative predictive value of 84.3% and a positive predic-
tive value of 91.5% for the middle meatal culture results [136]. Coticchia et al.
showed that the adenoid samples of children with CRS had a dense biofilm covering
the majority of the adenoid mucosal surface area compared to those from children
with obstructive sleep apnea implying that biofilms in the nasopharynx of children
with CRS may act as a chronic reservoir for bacterial pathogens [137].

Adenoids may also function as an immunologic organ in the pathogenesis of
pediatric CRS. Eun and associates found a significantly decreased expression of
IgA in the adenoids of children with CRS compared to those with adenoid hyper-
trophy [138] indicating that the adenoids in pediatric CRS patients may not be
able to generate a strong local immune response. The latter may reflect a primary
deficiency or a secondary response to inflammation/infection related to CRS [63].
Shin and colleagues evaluated adenoid tissues from children with and without
CRS, and found higher levels of the inflammatory cell activation marker soluble
interleukin (IL)-2 receptor (sIL-2R), and cytokines associated with tissue remod-
eling including transforming growth factor (TGF)-f1, matrix metalloproteinase
(MMP) 2 and 9, and tissue inhibitor of metalloproteinase (TIMP)-1, in the ade-
noids of the pediatric CRS patients [139]. In addition, the investigators found that
the levels of sIL-2R, TGF-f1, MMP-2, MMP-9, and TIMP correlated with sever-
ity of radiographic RS [139]. These data suggest that the adenoid tissue of chil-
dren with CRS have more severe inflammation, and that this degree of inflammation
may lead to elevated tissue remodeling, similar to what is seen in pediatric CRS
sinus mucosa [139].

A confounding factor in studies investigating the role of the adenoids in the
pathogenesis of pediatric RS is adenoiditis. Adenoiditis has a similar clinical pre-
sentation as RS including anterior and posterior nasal purulent drainage and cough.
In an effort to distinguish between adenoiditis and ARS, Marseglia et al. performed
nasal endoscopy on 287 children with suspected ARS and found that 89.2% of the
children had ARS. ARS was combined with adenoiditis in 19.2% patients and ade-
noiditis was seen in 7% of the study population. These findings are not surprising as
sinus drainage would be expected to involve the adenoids as it moves posteriorly in
the nasal cavity [140]. However, distinguishing between adenoiditis and ARS is not
straightforward, even with nasal endoscopy. Chronic adenoiditis cannot be differen-
tiated from CRS without a CT scan [141].

Aquired Mucociliary Clearance Dysfunction

Mucociliary dysfunction can be caused by bacterial and viral infections of the para-
nasal sinuses. The latter have been reported to lead to a direct temporary cytotoxic
effect on the cilia [142], the loss of cilia and ciliated cells, and the impairment of
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normal mucociliary flow [143]. The transient dyskinesia, sometimes seen with cili-
ary microtubular abnormalities, usually resolves with time and appropriate manage-
ment [143—145]. Bacterial and viral infections of the paranasal sinuses have also
been associated with abnormal ciliary function with normal ciliary ultrastructure
that may represent a metabolic abnormality within the cilia [146, 147]. More often,
acquired ciliary dysfunction occurs through exposure to environmental irritants or
microbial toxins which impede ciliary beat frequency and/or coordination [75-78,
148, 149]. Mucociliary impairment in AR has also been implicated in predisposing
some patients to acute RS [150].

Mucociliary dysfunction may also result from the disruption of the normal
mucus ciliary patten of the maxillary sinus due to the existence of an accessory
maxillary ostium (AMO). When present, mucus exiting the natural maxillary ostium
moves along the lateral nasal wall posteriorly, but instead of moving into the phar-
ynx, it reenters the maxillary sinus via the AMO [35]. The mucus then travels along
the medial maxillary sinus wall into the natural maxillary sinus, recirculating the
sinonasal mucus including any allergens, bacteria, or inflammatory mediators con-
tained in the mucus. As the volume of mucus in the maxillary sinus accumulates, its
viscosity increases, leading to elevated concentrations of inflammatory agents and
pathogens within the mucus, sinus mucosal inflammation, and, ultimately, infection
[151]. It is not clear if AMOs are due to a congenital defect in the fontanelles which
are located in the medial maxillary sinus wall anterior and posterior to the inferior
bony attachments of the uncinate process [152] or if they develop after recurrent
infections perforate the fontanelle membranes [153, 154].

Environmental Agents Associated with RS

Microorganisms

Viral upper respiratory tract are among the most common risk factors for pediatric
acute bacterial RS [155]. In fact, about to 5-10% of viral upper respiratory tract
infections in children progress to acute bacterial RS [156]. Viral agents increased
the susceptibility of infected sinonasal epithelial cells to bacterial infections by acti-
vating inflammatory mechanisms that disrupt mucociliary clearance. Viral infec-
tions are also associated with epithelial disruption, reduced numbers of ciliated
cells, and increased numbers of goblet cells [157, 158] that increase the risk for
secondary bacterial infection. Furthermore, they may predispose the sinonansal
mucosa to secondary bacterial infections because of an increase in the adhesion of
bacteria to the infected epithelial cells. Wang and colleagues reported an increased
adhesion of Streptococcus pneumoniae, Haemophilus influenzae, and Staphylococcus
aureus on rhinovirus-infected nasal epithelial cells [159] in vitro. They hypothe-
sized that the rhinovirus-infected nasal epithelial cells had an increased expression
of host cell adhesion molecules, making these cells more susceptible to acute bacte-
rial RS [159]. Infection with rhinovirus and colonization with Moraxella
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catarrhalis were shown to have an increased risk for acute bacterial RS in a recent
prospective study of young children with upper respiratory tract infections [160].

The most frequently isolated bacteria from maxillary sinus taps obtained over
35 years ago on children with radiographic maxillary sinus opacification were
Streptococcus pneumoniae (30%), Haemophilus influenzae (20%), and Moraxella
catarrhalis (20%). Another 25-30% of the maxillary sinus aspirates were sterile
[161, 162]. Recent data on the bacteriology of acute RS is limited although several
studies performed since then confirmed that Streptococcus pneumoniae,
Haemophilus influenzae, Moraxella catarrhalis, Streptococcus pyogenes, and
anaerobes are the most common pathogens seen in pediatric acute RS [1, 163].
Estimates of acute pediatric RS microbiology have also been extrapolated from
those of acute otitis media [3]. Using this data, and assuming 25% of the maxillary
sinus aspirates to be sterile, the current bacteriology of acute pediatric RS would
compromise of Streptococcus pneumoniae (30%), Haemophilus influenzae (20%),
and Moraxella catarrhalis (10%) [3].

One limitation of using the acute otitis media data to extrapolate estimates of
acute pediatric RS is that with the introduction of the heptavalent pneumococcal
conjugate vaccine (PCV7), the acute otitis media visit rate has decreased compared
to that of the acute RS visit rate. The latter has remained stable at 11-14 visits per
1000 children between 1998 and 2007 [164]. Although the rate of visit for acute RS
has remained constant, the widespread use of PCV7 has resulted in changes in the
pathogens causing acute maxillary sinusitis. The incidence Streptococcus pneumo-
nia has decreased by 18% and the proportion of Haemophilus influenzae has
increased by 8% in the 5 years after the introduction of PCV7 compared to the 5
previous years [165]. The incidence of Moraxella catarrhalis has remained
unchanged (13-14%) [165].

Except for a rise in Staphylococcus aureus and anaerobic bacteria [2], the bacte-
riology of CRS has remained consistent over the past 2-3 decades. In 1991, Muntz
and Lusk found the most common bacteria isolated from intraoperative pediatric
ethmoid bullae specimens were alpha hemolytic Streptococcus and Staphylococcus
aureus, followed by Streptococcus pneumoniae, Haemophilus influenzae, and
Moraxella catarrhalis. Anaerobes were present in 6% of the patients [166]. Hsin
and colleagues isolated alpha hemolytic Streptococcus followed by Haemophilus
influenzae, Streptococcus pneumonia, and Staphylococcus aureus in intraoperative
specimens. In this study, anaerobes were found in 8% of the surgical specimens
[167]. Between 1991 and 2010, several other studies have also been conducted that
have not shown much change in the bacteriology of CRS [2].

Infection and Biofilm Formation

Bacterial biofilms are dynamic multimicrobial communities living within a protec-
tive complex self-produced extracellular matrix that become irreversibly attached to
either inorganic or organic surfaces [168, 169]. Planktonic bacteria shed from the
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biofilm intermittently and migrate to colonize other surfaces [170, 171]. Biofilm-
associated bacteria have lower metabolic rates, have been linked to antibiotic resis-
tance [172—174], and have been implicated in recurring infections [175, 176]. In
children with pediatric CRS, adenoid samples collected at surgery had an average of
95% of the mucosal surface area covered with biofilm compared to 2% of adenoid
surface from children with obstructive sleep apnea [137, 177]. It remains unclear,
however, if the biofilms are directly involved with the disease process, or if they
serve as a reservoir for infection that can be elicited by changes in the host environ-
ment [175, 176].

Tobacco Smoke Exposure

Environmental toxins, especially tobacco smoke, have been implicated in predis-
posing children to RS. Based on analyses from the 1970 National Health Interview
Survey data, Bonham and Wilson [178] reported that children from families with
active smokers have more episodes of acute respiratory illness including acute RS,
than did children from families with nonsmoking adults. Similar results were
found when comparing families in which 45 cigarettes or more were consumed
daily to families with nonsmoking adults. In another of study of 76 children with
acute RS (ages 4-18 years), 39 (51.3%) were exposed to secondhand smoke, and
2 of the patients (2.6%) were active smokers [130]. The findings from these two
studies support the observation that exposure to active or passive tobacco smoke
exposure predispose children to acute RS [130, 178]. Tobacco smoke exposure
may result in acute RS, in part, due to changes in the normal nasopharyngeal bacte-
rial flora after exposure to primary or second hand smoke exposure, resulting in
increased colonization of potential pathogens [179]. Once the cigarette smoke
exposure is eliminated, the nasopharyngeal bacterial flora reverts back to that
found in nonsmokers [180].

The significance of tobacco smoke exposure in CRS is not entirely clear. Cigarette
smoke has been reported to cause aberrations in airway secretions and ciliary beat
frequency [181] and the induction of bacterial biofilms [182] associated with
CRS. In addition, tobacco smoke produces ROS and reactive nitrogen species
(RNS) that have been shown to induce pro-inflammatory cytokine secretion [182],
epithelial apoptosis [183, 184], and impaired airway epithelial barrier function
[185] in respiratory mucosa. The data from these investigations suggest that ciga-
rette smoke is able to contribute to the damage in the respiratory epithelium and
exacerbate inflammation in patients with CRS. However, it is uncertain if tobacco
smoke exposure has a role in initiating CRS [1].

The pathogenesis of pediatric RS is complex and multifaceted, involving many
physiological and pathophysiological mechanisms influenced by environmental
agents, which makes this disease challenging to diagnose and manage. Future inves-
tigations will be needed to mitigate these challenges.
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Chapter 4
Imaging in Pediatric Rhinosinusitis

Phillip R. Purnell, Abdul Rahman Tarabishy, and Johnathan E. Castaio

Introduction

The American Academy of Pediatrics (AAP) defines acute rhinosinusitis (ARS) as
symptoms of rhinorrhea, obstruction, cough, and facial pressure lasting less than
30 days. The term “rhinosinusitis” is preferred to “sinusitis,” since sinus inflamma-
tion is almost universally associated with nasal inflammation; however, the two
terms are often used interchangeably. Chronic rhinosinusitis (CRS) lasts >90 days
and is defined by persistent residual respiratory symptoms of cough, rhinorrhea, or
nasal obstruction. In patients with recurrent or chronic rhinosinusitis, one must con-
sider comorbidities and potential underlying causes such as asthma, allergic rhinitis,
gastroesophageal reflux, immune deficiencies, or cystic fibrosis. Imaging has been
an important tool in the clinical diagnosis of pediatric rhinosinusitis. Although
guidelines regarding imaging are clear with complicated disease, the role for imag-
ing in subacute and chronic rhinosinusitis are less clear.

Responsible Use of Radiation

With the continued increase in availability and application of different imaging
modalities, utilization of imaging has increased in pediatric patients. This has resulted
in significant ionizing radiation exposure [1]. This risk is mostly raised by
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Table 4.1 Indications for imaging in pediatric sinusitis and relative radiation exposure for children
with persistent sinusitis (worsening course or severe presentation, or not responding to treatment),
or recurrent sinusitis, or chronic sinusitis, or define paranasal sinus anatomy before functional
endoscopic sinus surgery. Initial imaging

Procedure Appropriateness category Relative radiation level
CT paranasal sinuses without Usually appropriate
IV contrast 209
CT paranasal sinuses with IV
contrast 00
CT paranasal sinuses without
and with IV contrast P99
MRI paranasal sinuses without| 0
and with IV contrast
MRI paranasal sinuses without| o)
IV contrast
X-ray paranasal sinuses ®

overutilization of CT, especially in pediatric patients, where the radiation exposure
may be as high as ten times of the per weight dose received. Thus, adherence to the
principle of “as low as reasonably achievable” (ALARA) represents a practice man-
date that minimizes ionizing radiation exposure while optimizing imaging results’.
Multiple medical societies have developed practice guidelines and recommendations
to guide clinicians in management and ordering of the appropriate imaging [2, 3]. The
American Academy of Pediatrics (AAP) has developed a clinical practice guideline
regarding the diagnosis and management of acute bacterial rhinosinusitis in children
and adolescents [3]. This group suggests “clinicians should not obtain imaging studies
(plain films, contrast-enhanced computed tomography [CT], MRI, or ultrasonogra-
phy) to distinguish acute bacterial sinusitis from viral URI” (Evidence Quality: B;
Strong Recommendation) [3]. The American College of Radiology (ACR) has issued
appropriateness criteria for each imaging modality ordered to guide clinicians to the
best imaging test for a certain clinical scenario [2]. It also references the relative radia-
tion level exposures for these imaging procedures. Adopted from the ACR is Table 4.1
for which a CT sinus without contrast is the only listed appropriate exam for persistent
or recurrent rhinosinusitis in pediatric patients. Both of these guidelines emphasize
that imaging abnormalities alone are not sufficient for the diagnosis of acute rhinosi-
nusitis as opacification of the paranasal sinuses is often present in healthy children or
in children having a computed tomography (CT) scan for other reasons.

Sinus Development and Anatomical Abnormalities

Both the ethmoid and maxillary sinuses are present at birth with continued develop-
ment with age. A normal appearing pediatric CT is shown and labeled in Fig. 4.1
with axial, coronal, and sagittal views. The ethmoid sinuses are present at birth and
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grow into puberty. There are several important anatomical variants which result
from development of air cells into adjacent sinuses and surrounding structures [4].
The concha bullosa is an extension ethmoid aeration to the middle turbinate
(Fig. 4.2). This structure can be obstructing when large and can also have disease of
the internal mucosa [5]. Extension of the ethmoid aeration anteriorly results in the
agger nasi cell which can impede on the frontal sinus outflow tract. When ethmoid
aeration occurs laterally and infraorbitally, development of Haller cells will occur
(Fig. 4.3). The maxillary sinus reaches adult size at about age 12 [6]. Pneumatization
of the sinuses and their growth mirrors development of the maxilla. Aplasia and
hypoplasia of the maxillary sinus is rare but can be misdiagnosed as sinus opacifica-
tion [7]. The sphenoid sinus is not pneumatized at birth and continues to grow into

Fig. 4.1 Normal pediatric sinus CT. (a) Axial (MAX, maxillary sinus; IT, inferior turbinate; NP,
nasopharynx; IOF, infraorbital foramen). (b) Coronal (MAX, maxillary sinus; MT, middle turbi-
nate; EB, ethmoid bulla; U, uncinate; OMC, osteomeatal complex). (¢) Sagittal (AN, agger nasi
cell; AE, anterior ethmoid cells; PE, posterior ethmoid cells; SS, sphenoid sinus; CL, clivus; MT,
middle turbinate; IT, inferior turbinate)

Fig. 4.2 Coronal CT with
bone windowing
demonstrating air-filled
middle turbinates typical
of concha bullosa
(asterisks)
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Fig. 4.3 Coronal CT
image demonstrates
nonopacified Haller air cell
(arrows) with bilateral
narrowing of the
osteomeatal units

Fig. 4.4 Axial CT image
demonstrating the right
sphenoid sinus ostium area
(arrow)

P. R. Purnell et al.

adolescence. The natural drainage ostium at the anterior face of the sphenoid usu-
ally drains medially to the posterior end of the superior turbinate (Fig. 4.4) [8]. The
Onodi cell is the extension of the ethmoid sinuses superiorly and laterally to the
sphenoid sinus in close approximation to the optic nerve (Fig. 4.5). The frontal sinus
develops from pneumatization of the frontal bone and is the last sinus to develop.
An aplastic frontal sinus is not uncommon. The frontal sinus resembles a funnel in
the sagittal plane with the narrowest point at the natural ostium, also known as the
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Fig. 4.5 Onodi cell. (a) Axial CT, (b) coronal CT (SS, sphenoid sinus; OC, Onodi cell)

Fig. 4.6 Sagittal CT
image demonstrating the
frontal sinus outflow tract
(arrow)

frontal recess (Fig. 4.6). The boundaries of the frontal recess are the agger nasi cell
anteriorly, the lamella of the ethmoid bulla posteriorly, the orbit laterally, and the
middle turbinate medially. The drainage of the frontal sinus can be obstructed by an
enlarged or diseased ethmoid bulla, suprabullar cell, or agger nasi cell.

Imaging Modalities for Sinus Disease

Sinus disease is exceedingly common in patients imaged for any reason. Studies
have demonstrated that >50% of adult patients with viral upper respiratory tract
infection (URTI) have abnormal maxillary sinus radiographs [9]. It is not uncom-
mon to see opacification of multiple sinuses and air-fluid levels in those with
uncomplicated acute viral infection [9]. In children with MRI obtained for other
neurologic indications, the prevalence of imaging abnormalities of the sinuses on
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MRI was 45% [10]. Additionally, a different disease pattern has been identified in
pediatric patients with sphenoid and posterior ethmoid abnormalities identified
more commonly versus maxillary sinus abnormalities in adults with acute rhinosi-
nusitis [10]. In a study investing the impact of uncomplicated URTI, MRI scans
were obtained in 60 children (average age 5.7 years) within 6 days of onset of URTI
symptoms [11]. Sixty percent of children had maxillary or ethmoid abnormalities,
with 35% in the sphenoid, and 18% in the frontal sinus. The MRI correlated well
with symptoms, and when a second MRI on 26 of the children was completed, MRI
findings were improved regardless of current clinical symptoms. This same group
also showed that 68% of symptomatic children with URTI and 42% of healthy chil-
dren had significant sinus abnormalities on MRI [11]. The incidence of sinus abnor-
malities is even higher in very young patient populations and reaches nearly 100%
in a study of infants who had a cold in the 2 weeks preceding a head CT obtained
for other reasons [12]. Although those pediatric patients who are asymptomatic may
have imaging changes, there is also significant evidence that imaging findings cor-
relate with clinical signs and symptoms. Manning et al. had pediatric patients under-
going imaging for non-sinus reasons examined with rhinoscopy in addition to
symptom collection from patients just before imaging [13]. Forty-seven percent of
these patients had sinus abnormalities. There was a correlation between the pres-
ence of respiratory symptoms and imaging, and this group suggests that sinus
abnormalities on imaging reflect ongoing or resolving URTTI or allergic inflamma-
tion, and not necessarily rhinosinusitis [13]. It is imperative to remember that abnor-
malities on sinus CT or MRI are exceedingly common in pediatric patients and
unless obtained for surgical planning, interpretation as an incidental finding should
be taken with caution.

Imaging Signs of Rhinosinusitis

An air-fluid level is the most typical imaging finding; however, it is only present in
25-50% of patients with acute rhinosinusitis [14]. Figure 4.7 shows a Waters’ view
sinus X-ray with an air-fluid level in the maxillary sinus. Unfortunately, there is
little correlation with X-ray results and CT imaging, and clinical utility of X-ray is
limited [15]. CT imaging has better anatomical delineation and an improved assess-
ment of inflammation and possible complications. Peripheral mucosal thickening,
air-fluid levels, gas bubbles within the fluid, and obstruction of the ostiomeatal com-
plexes are recognized findings. Figures 4.8 and 4.9 demonstrate a CT with partial
opacification in addition to an air-fluid level in the right maxillary sinus. Rhinitis
(almost always associated with sinusitis) is characterized by thickening of the turbi-
nates with obliteration of the surrounding meatus.

Bhattacharyya et al. have reported on the diagnostic accuracy of CT in pediatric
chronic rhinosinusitis [16]. They compared a total of 66 pediatric patients (mean age,
8 years) with CRS and exhibited a mean Lund-Mackay [17, 18] score of 10.4 (95%
confidence interval, 9.2—11.5); 192 control patients (mean age, 9 years) exhibited a
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Fig. 4.7 Frontal Waters’
view of the paranasal
sinuses demonstrates
thickening and a fluid level
(arrow) in the right
maxillary sinus and
mucosal thickening of the
left maxillary sinus

Fig. 4.8 Axial CT image
with bone windowing
demonstrating right
maxillary sinus with
peripheral mucosal
thickening, air-fluid levels,
and gas bubbles within the
fluid (arrow)

mean Lund-Mackay score of 2.8 (95% confidence interval, 2.4-3.2). Adopting a
Lund-Mackay score cutoff of 5 to represent CRS, the CT scan demonstrated a sensi-
tivity and specificity of 86% and 85%, respectively. Lund-Mackay scores of 2 or less
have an excellent negative predictive value, whereas Lund-Mackay scores of 5 or
greater have an excellent positive predictive value (i.e., strongly indicate true dis-
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Fig. 4.9 Coronal CT with
partial right maxillary
sinus opacification and
obstruction of the
ostiomeatal complex
(arrow)

ease). The Lund-Mackay [18] radiologic staging score of chronic rhinosinusitis
(range 0-24) assigns each sinus a score of 0 (no abnormality), 1 (partial opacifica-
tion), or 2 (complete opacification) for each sinus on each side, while the ostiomeatal
complex is assigned a score of either 0 (not obstructed) or 2 (obstructed).

Complications of Rhinosinusitis

According to the AAP guideline, clinicians should obtain a contrast-enhanced CT
scan of the paranasal sinuses and/or an MRI with contrast whenever a child is sus-
pected of having orbital or central nervous system complications of acute bacterial
rhinosinusitis [3] (Evidence Quality: B; Strong Recommendation by the AAP) or as
referenced from the ACR appropriate criteria in (Table 4.2). The most common com-
plication of acute rhinosinusitis involves the orbit in children with ethmoid sinusitis
who are younger than 5 years [19-21]. Orbital complications should be suspected
when the child presents with a swollen eye, especially if accompanied by propto-
sis or impaired function of the extraocular muscles. Orbital complications of acute
rhinosinusitis have been divided into five categories, as first defined by Chandler:
preseptal cellulitis, subperiosteal abscess, orbital cellulitis, orbital abscess, and cav-
ernous sinus thrombosis [22]. Intracranial complications of acute rhinosinusitis,
which are less common than orbital complications, have a higher morbidity and
mortality than those involving the orbit. Intracranial complications include menin-
gitis, subdural empyema, epidural empyema, dural venous thrombosis, and brain
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Table 4.2 Indications for imaging in pediatric patients with clinical concern of orbital or
intracranial complication. Initial imaging

Procedure Appropriateness category Relative radiation level
CT head and paranasal sinuses Usually appropriate
with IV contrast 29
MRI head and paranasal sinuses Usually appropriate
without and with 1V contrast 0
MR venography head with IV May be appropriate
contrast (0]
CT venography head with IV May be appropriate
contrast D00
CTA head with IV contrast May be appropriate DODD
MR venography head without May be appropriate
and with 1V contrast 0
MR venography head without IV May be appropriate 0
contrast
MRA head without IV contrast May be appropriate 0
MRA head with IV contrast May be appropriate 0
CT head and paranasal sinuses
without and with IV contrast 2o
CT head and paranasal sinuses 209
without IV contrast
MRI head and paranasal sinuses
without IV contrast
X-ray paranasal sinuses @

abscess [19]. Defects in the frontal sinus communicate with the anterior cranial
fossae leading to intracranial complications (Fig. 4.10). In general, the contrast-
enhanced CT scan has been the preferred imaging study when complications of
rhinosinusitis are suspected. However, there are documented cases in which a con-
trast-enhanced CT scan has failed to identify cases with intracranial complications
[23]. For orbital and intracranial complications, MRI with contrast has some advan-
tages [24]. Preseptal cellulitis can be identified on CT scan with thickening of the
eyelid, and the postseptal fat will not be involved. With subperiosteal abscess, you
will often see a fluid collection between the bone and periorbita, adjacent to the
affected sinus. Early infections may be difficult to identify with only subtle changes
seen in the medial orbital fat plane [25]. As the infection progresses, the abscess will
become rim enhancing and crescent shaped. In pediatric patients, this is most often
contiguous with one of the ethmoid sinuses [25, 26]. With orbital cellulitis, there is
inflammation within the orbit without discrete abscess formation. Although CT is
generally adequate, weighted MRI will be more sensitive to inflammation and can
help with differentiation of orbital cellulitis from orbital inflammatory syndrome
or lymphoid lesions [27]. When pus develops within the orbit, this is defined as an
orbital abscess, and it is caused by the progression of cellulitis or by local abscess
spread. CT will demonstrate a discrete abscess (Fig. 4.11) [28]. MRI with contrast
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Fig. 4.10 Axial CT with
bone window,
demonstrating a
dehiscence (arrow) noted
through the posterior table
of the left frontal sinus

Fig. 4.11 Axial CT with
right rim enhancing
subperiosteal abscess
(arrow), adjacent sinusitis
of the right ethmoid
sinuses

will show T2 hyperintensity and rim enhancement in addition to restricted diffusion
[29]. With spread of infection through the valveless orbital venous system, cav-
ernous sinus thrombosis can develop with serious clinical consequences including
proptosis, chemosis, and bilateral cranial nerve deficits [30]. Filling defects in the
cavernous sinus can be seen in both CT and MRI; however, the diagnosis with imag-
ing is often difficult because acute thrombosis can be isointense [31]. Dilation of the
superior ophthalmic vein and enhancement of the lateral cavernous sinus borders
are further imaging clues [32].
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Pott’s Puffy Tumor (Frontal Sinus Osteomyelitis)

One possible complication of untreated acute frontal sinusitis is a Pott’s puffy
tumor. Blockage of the frontal sinus outflow tract can result in abscess formation
inside the frontal sinus with erosion of the abscess either through the anterior
bony lamina to form a subperiosteal pericranial abscess associated with “puffi-
ness” of the forehead, through the posterior bony lamina resulting in an epidural
abscess or through the orbital plate of the frontal bone into the superior orbit
resulting in an extraconal orbital abscess (Fig. 4.12). The primary presenting fea-
tures of a Pott’s puffy tumor depend on the location, but often include severe
headache and fever.

The imaging option of choice is a contrast-enhanced CT scan of the sinuses,
which will demonstrate opacification of the frontal sinus [33-35]. CT gives excel-
lent bony detail and is excellent at demonstrating cortical destruction and periosteal
reactions [35]. If there is suspicion for a concurrent intracranial complication, then
a contrast-enhanced MRI should be obtained. On inspection during surgical drain-
age of these abscesses, the bone can appear moth-eaten, characteristic of osteomy-

Fig. 4.12 Pott’s puffy tumor. 18-year-old presenting with right frontal sinusitis with associated
cortical breakthrough resulting in a subperiosteal abscess into the right frontal soft tissues
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elitis. This is apparent on contrasted MRI of the sinuses by the characteristic
hypointensity of the bone marrow on T1 imaging (Normal bone marrow is hyperin-
tense on T1 imaging) [35].

Cystic Fibrosis

Cystic fibrosis is a systemic disease caused by an autosomal-recessive mutation in a
single gene (CFTR) on chromosome 7 that encodes a critical chloride ion trans-
porter which is necessary for the normal function of epithelia in the respiratory
tract, paranasal sinuses, pancreas, biliary tract, GI tract, male reproductive tract, and
sweat glands. The most common mutation is the F508delG mutation. CF is most
common among Caucasians of Northern European descent, with a frequency of
1:2000 live births [36]. Affected mucosal surfaces accumulate high concentrations
of sodium, chloride, and mucin, which results in impaired mucociliary clearance
despite normal ciliary anatomy and function [36]. The life expectancy of patients
with cystic fibrosis has increased significantly as medical science has progressed,
with the current median life expectancy being 40.7 years. Chronic pansinusitis is a
universal finding in patients with cystic fibrosis, and management of sinus disease
throughout the patient’s lifetime is important. Furthermore, children with cystic
fibrosis commonly present with nasal polyps, which is uncharacteristic of chronic
rhinosinusitis in children and should always raise the suspicion of cystic fibrosis.
There is controversy as to whether management of paranasal sinus disease has
downstream effects on lower respiratory tract disease, with some — but not all —
studies showing some benefit [37].

Obstruction is common at the osteomeatal complex and at the sphenoethmoid
recess (Fig. 4.13). Patients with CF often, but not always, have hypoplastic frontal
and sphenoid sinuses. It characteristically presents with thick secretions causing
sinus opacification, which are hypodense on CT, hypointense on T1 MRI, and
hyperintense on T2 MRI [38, 39]. There are often osteitic changes present which
can lead to increased sinus wall thickness. The inspissated mucus can have a het-
erogeneous appearance, resembling that of fungal rhinosinusitis which is an impor-
tant differential. The sinuses can be so poorly aerated that mucoceles can form in
16% of cases [36, 40, 41], causing medial expansion of the lateral nasal wall and
subsequent nasal airway obstruction in the case of maxillary sinus mucoceles, or
orbital symptoms in the case of ethmoidal mucoceles. The upper respiratory tract
of patients with CF is frequently colonized with a variety of pathogenic bacteria,
most commonly Pseudomonas aeruginosa and Staphylococcus aureus, and these
mucoceles can therefore become infected and form mucopyoceles [41]. In the case
of a frontal mucopyocele, this can potentially erode through the bony limits of the
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Fig. 4.13 Cystic fibrosis
patient with small but
completely opacified
bilateral maxillary sinuses
associated with osseous
wall remodeling suggestive
of chronic and recurrent
sinusitis

frontal sinus and form a Pott’s puffy tumor. Sinonasal polyposis is also frequently
found in patients with cystic fibrosis, in anywhere from 33% to 57% [37].

Allergic Fungal Sinusitis

Allergic fungal sinusitis (AFS) is subtype of CRS with a predominant eosinophilic
component. It is pathologically similar to allergic bronchopulmonary aspergillosis
[42]. AFS age of onset is generally earlier and is therefore not infrequently seen in
the pediatric sinusitis patient. Medical management of AFS is difficult and surgical
intervention is commonly indicated in these patients. In addition to the presence of
polyps, there are characteristic CT findings including hyperattenuated areas of
accumulated eosinophilic mucin (Fig. 4.14) [43]. These imaging finds are a compo-
nent of the diagnostic criteria for AFS [44]. Expansile lesions of the sinus cavities
and demineralization are also seen. Twenty to thirty percent of AFS patients can
present with bony erosion on CT; in this case, invasive fungal sinusitis must also be
considered. MRI can be a valuable adjunctive study in AFS. On MRI, the eosino-
philic mucin will appear hypointense on T2-weighted MRI due to high concentra-
tion of metal present in fungal organisms including iron and magnesium (Fig. 4.14)
[45]. T1-weighted MRI can also have hypoattenuation but can also have mixed
signal intensities.
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Fig. 4.14 Allergic fungal sinusitis. (a) Coronal CT demonstrating patient with left mucocele and
characteristic areas of hyperintensity which correspond to fungal mucin on the right (arrow). (b)
T1 MRI with hypoattenuated area corresponding to fungal elements. (¢) T2 MRI demonstrating
signal void in the area of mucin. Mucocele on the left with hyperattenuation for comparison
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Chapter 5
Microbiology of Pediatric Sinusitis

Phillip R. Purnell and Michele M. Carr

Introduction

The upper respiratory tract, including the sinuses, is colonized by a mixture of nor-
mal bacterial flora and opportunistic pathogenic organisms. When the system is
affected by a viral infection, the microflora and immune response can be altered
such that an acute bacterial infection can develop. The vast majority of patients with
viral upper respiratory infection will have a coincident viral sinus infection. The
most common viruses involved in acute rhinosinusitis include adenovirus, rhinovi-
rus, influenza, and parainfluenza. In adults, 0.5-2% of these patients will develop
acute bacterial rhinosinusitis (ABRS) after viral infection [1, 2]. In pediatric
patients, this estimate is much higher, from 5% to 13% of patients [3, 4]. Viral sinus-
itis is thought to precede approximately 80% of ABRS while 20% is related to
allergic inflammation [5]. ABRS is most commonly associated with aerobic bacte-
ria including Streptococcus pneumoniae, Moraxella catarrhalis, and Haemophilus
influenzae. While ABRS lasts less than 4 weeks, subacute rhinosinusitis lasts from
4 to 12 weeks, and chronic rhinosinusitis (CRS) is defined as lasting more than
12 weeks. Estimates of the progression of ABRS to CRS in pediatric patients are
currently unknown. While ABRS is generally unimicrobial, current work with CRS
demonstrates a complicated interaction between multiple bacterial species.
Additionally, the bacteria associated with CRS may be resistant to conventional
medical therapies. CRS may also be complicated by fungal infection. A thorough
understanding of the basic microbiology of sinusitis drives proper antimicrobial
selection and appropriate patient care. This chapter will focus on the current con-
cepts in microbiology of ABRS and CRS in pediatric patients.
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Normal Flora

The bacteria causing sinusitis are likely to originate from the nasal cavity. Purulent
nasal discharge isolated from pediatric patients shows a higher rate of known patho-
gens including the aerobes S. pneumoniae, H. influenza, and M. catarrhalis [6]. In
healthy children, the most commonly isolated bacteria from middle meatus cultures
were H. influenza (40%), M. catarrhalis (34%), and S. pneumonia (50%) [7], dem-
onstrating that these bacteria are present even in the healthy state, suggesting that
viral or allergic processes may allow proliferation of otherwise commensal bacteria.
S. aureus has been shown to be a common isolate in pediatric nasal swabs, even in
healthy patients [8]; this is important to note in light of increasing data implicating
S. aureus as a possible pathogenic bacteria in ABRS, especially methicillin-resistant
strains [9, 10].

Acute Bacterial Rhinosinusitis

ABRS is defined by the presence of two or more symptoms of nasal discharge,
obstruction, facial pain/pressure, or hyposmia/anosmia lasting up to 4 weeks.
Various factors including environment, host immune factors, viral infection, and
allergy can affect the microbiology of an infection. Viruses are the most common
cause of acute rhinosinusitis and after viral infection, bacterial growth can occur.
This may be due to immune alterations allowing proliferation of otherwise dormant
bacterial species, ostial obstruction caused by virally induced inflammation, and
increased local adherence of bacteria [11]. Rhinovirus, adenovirus, parainfluenza,
and influenza are commonly implicated in early viral sinusitis [12]. After the viral
infection, a secondary bacterial infection can develop, which complicates the clini-
cal course. This occurs in 5-13% of pediatric patients [4, 13]. In a study of 294
pediatric patients aged 6—35 months, ABRS complicated 8% of viral upper respira-
tory tract infections [14]. The presence of rhinovirus correlated with progression to
ABRS. The most common bacteria associated with ABRS are similar in pediatric
and adult patients; these include S. pneumonia, H. influenza, M. catarrhalis, and
Group A beta-hemolytic strep [15]. Chlamydia and mycoplasma have also been
associated with ABRS in children, although much less commonly [16]. In the tran-
sition from acute to subacute sinusitis, almost identical bacterial species have been
identified in serial maxillary sinus aspirations including S. pneumonia, H. influenza,
and M. catarrhalis [17]. In the transition to chronic sinusitis, the common aerobes
are identified first, followed by anaerobes including Bacteroides and
Peptostreptococcus, which are both normally identified in the oropharynx [18]. In
2000, the pneumococcal vaccine was introduced and widely used in the United
States; this dramatically decreased the incidence of S. pneumonia-associated ABRS
and increased the percentage of H. influenza isolated. It is important to note that
these data were collected in the adult population, although it was primarily the
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pediatric population receiving the vaccination [19]. Brooks et al. studied nasopha-
ryngeal cultures from pediatric patients before and after the introduction of the
7-valent pneumococcal vaccine [20]. They demonstrated that in acute maxillary
sinusitis, S. pneumonia isolates declined by 18% and H. influenza increased by 8%.
The vaccination also significantly altered the serotype of pneumococcus isolated in
sinusitis. Serotype 19A, which was not included in the 7-valent vaccine, became the
most prominent isolate in pediatric CRS patients and was associated with antibiotic
resistance [21]. With introduction of the 13-valent pneumococcal vaccine, which
contains antigens to serotype 19A, the isolated serotypes continue to evolve as does
antimicrobial resistance [22].

The majority of microbiological data in pediatric acute sinusitis was obtained via
maxillary sinus aspiration. A study done by Wald et al. with a total of 50 pediatric
patients who had clinical and radiographic evidence of acute sinus disease (a total
of 79 sinus aspirates) showed that in 70% of patients, at least one sinus was infected
[23]. The study demonstrated the predominance of S. pneumoniae (37%), H. influ-
enza (25%), and M. catarrhalis (25%) in ABRS, with very few anaerobes or staphy-
lococci isolated in this study [24]. In addition, 12% of the patients had
beta-lactamase-producing bacterial infection. Microbiological studies of acute
sinusitis are highlighted in Table 5.1. There have been no recent studies using sinus
aspiration in pediatric patients with ABRS due to its invasive nature, despite its
being regarded as the best way to obtain an accurate sinus culture. There have been
multiple studies comparing the utility of middle meatus sampling as an alternative
to the invasive sinus puncture [25]. A meta-analysis pooling data from 126 adults
with ABRS showed endoscopic cultures had a sensitivity of 80.9% and specificity
of 90.5% [25]. When endoscopic cultures were taken from pediatric patients with
CRS, the sensitivity was 75% and specificity 99% [26]. Groups have also tried to
correlate the results of nasal cultures with maxillary sinus aspiration. In adults, the
nasal culture only correlates with sinus aspiration between 40% and 60% of the time
[27]. In pediatric patients, there is even lower correlation between nasopharyngeal
cultures or throat cultures and sinus aspiration, with less than 25% of nasopharyn-
geal cultures correlating with the organism present in the sinus [24]. This highlights
the lack of data available for ABRS using sterile technique and sinus aspiration;
therefore, several groups have advocated using acute otitis media bacteriology as a
proxy for ABRS [28, 29].

Recently some studies show increased methicillin-resistant S. aureus (MRSA)
prevalence in pediatric ABRS, while others have found no change [30]. Association
with increased clinical complications including facial and orbital cellulitis has
been demonstrated by multiple studies [30, 31]. Despite the recent data suggest-
ing increasing presence of S. aureus isolated in sinusitis patients, its role as a
pathogen is still debated. In a group of 250 children with complicated sinusitis
requiring surgery, there was no change in MRSA prevalence from 2004 to 2014
[32]. There was, however, poorer clinical outcome (as measured by persistent
ocular physical exam findings) over time in the patients with MRSA, but no
increased intracranial or extracranial complications [31]. Several other case stud-
ies have examples of S. aureus-related complications [32-34]. As others have
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pointed out, S. aureus is commonly present in the nasal cavity of healthy children
and its presence in endoscopic cultures assumes that there has been no contamina-
tion of the sample during the culturing process [35]. As of yet, there is no suffi-
cient evidence to warrant S. aureus coverage for ABRS unless it is complicated
sinusitis (as discussed below).

Odontogenic Sinusitis

Odontogenic ABRS is characterized by the absence of the most common bacteria
associated with acute sinusitis. These sinus infections often result after dental pro-
cedures, maxillary dental infections, or facial trauma. In children presenting with
periorbital cellulitis of odontogenic origin, anaerobic bacteria predominated, most
commonly Peptostreptococcus, Fusobacterium, and Prevotella species, which are
all considered normal oral flora but may be associated with dental disease [36, 37].
The total number of aerobic and anaerobic bacteria isolated in these children was
also higher than in those with ABRS of non-odontogenic origin. More than half of
the bacteria isolated in this study were beta-lactamase producers [36]. In adults,
some studies have shown that up to 20% of sinusitis patients may have related odon-
togenic disease [38]. In odontogenic sinusitis cultures in these patients, similar
ABRS-associated bacteria were isolated along in addition to increased numbers of
gram-negative anaerobes, including Peptostreptococcus and Prevotella [38]. With
the prevalence of anaerobes in these patients, appropriate antibiotic consideration is
required.

Pediatric Nosocomial Sinusitis

The microbiology of pediatric nosocomial sinusitis is quite different from com-
munity acquired ABRS. Sinusitis is frequently found in intubated and critically ill
patients. Incidence varies widely by study, but up to 80% of patients in the ICU
have evidence of sinusitis. In the pediatric ICU, 44% of patients who had imaging
for unrelated reasons had evidence of sinus disease and 69% of patients with
endotracheal or nasogastric tube placement at the time of the imaging had sinus-
itis [39]. The use of nasogastric tubes, mechanical ventilation, and supine posi-
tioning puts these patients at risk for bacterial colonization of the sinuses [40, 41].
Those with facial trauma are at especially high risk for sinusitis [42, 43]. Bacterial
colonization of the sinuses in the adult ICU patient is most commonly with
Pseudomonas, Proteus, and Acinetobacter [44], with most studies showing the
infrequent isolation of anaerobic bacteria [45, 46]. This is similar to what was
isolated from pediatric ICU patients; however, anaerobic bacteria, including
Peptostreptococcus and Prevotella, was found to be more prominent in pediatric
patients in a study by Brook [47]. The most frequent aerobes isolated from these
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patients were Pseudomonas and S. aureus. Seventy percent of the bacteria isolated
in this study were also beta-lactamase producers. Pseudomonas and gram-nega-
tive rods seen in these nosocomial infections are similarly seen in immunocom-
promised patients and those with cystic fibrosis. These data highlight the
importance of antibiotic coverage which includes beta-lactamase inhibition in
these critically ill patients.

Complicated Sinusitis

Although intracranial and extracranial complications of sinusitis are rare in pedi-
atric patients, they can lead to serious morbidity and even mortality. Children
aged 2-10 are more commonly affected than neonates or infants. Systematic
reviews have shown that the most common intracranial complications of sinusitis
in pediatric patients are subdural empyema, epidural and cerebral abscesses, and
meningitis [48]. These complications affect young adolescent males most fre-
quently [48]. If the frontal sinus is involved, intracranial complications are 20
times more likely [49]. In studies which included pediatric patients, acute frontal
sinusitis cultures showed the most common ABRS-associated bacteria: S. pneu-
monia, H. influenza, and M. catarrhalis [15, 50]. Cavernous sinus thrombosis is
associated with a higher percentage of S. aureus, up to 70%, with S. pneumoniae
and gram-negative anaerobes also identified [51]. In these patients, blood cultures
are also commonly positive in approximately 70% of patients [52]. There are also
several published cases of Aspergillus and Mucor associated with cavernous sinus
thrombosis [53, 54].

Common complications of sinusitis in pediatric patients are orbital cellulitis,
subperiosteal abscess, and orbital abscess [55]. Acute ethmoid sinusitis is associated
with orbital infections [56]. Brook et al. described bacteria associated with perior-
bital cellulitis of odontogenic origin in pediatric patients [57]. Mixed aerobic and
anaerobic bacteria were found in 50% of the patients. The aerobes isolated included
alpha-hemolytic streptococci with the predominant anaerobic bacteria including
gram-negative bacilli and Peptostreptococcus [57]. A recent retrospective chart
review was completed in 129 hospitalized pediatric patients with acute ethmoid
sinus disease, 47 of whom had subperiosteal orbital abscesses. They demonstrated
that Streptococcus was the most frequently identified bacteria (60%) with S. aureus
(12%) and anaerobes (12%) less frequently identified [58].

Chronic Rhinosinusitis

CRS can be a consequence of untreated or resistant ABRS, but multiple factors
including anatomic abnormalities (maxillary hypoplasia and adenoid hypertrophy
[59]), allergy [60], polyps, immunodeficiency [61], cystic fibrosis, ciliary
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abnormalities, and nosocomial factors can all play a role. Previously microbio-
logical studies in CRS were based on maxillary sinus cultures obtained through
sinus aspiration. Newer molecular techniques, including PCR, mass spectrome-
try, and fluorescence in situ hybridization, have advanced the understanding of
microbiological flora in CRS [62]. The majority of studies continue to be retro-
spective with 90 days or more of sinusitis symptoms and endoscopic or imaging
evidence of sinusitis used as the criteria for sinus sampling. There is great vari-
ability in the methods used for collection of samples, multiple different areas
sampled, varying history of previous antibiotic treatment, and patient selection
bias in these studies [63]. Microbiological studies in pediatric CRS are high-
lighted in Table 5.1.

In pediatric and adult CRS, polymicrobial infections are more common than
they are in ABRS [64]. In CRS, bacteria such as staphylococci, alpha-hemolytic
streptococci, and anaerobes, including Bacteroides and peptostreptococci, have
classically been identified. However, in more than 50% of the CRS studies, the
same pathogens common in ABRS were recovered including S. pneumonia, H.
influenza, and M. catarrhalis [65]. In pediatric allergy patients with CRS, the
most commonly isolated bacteria was M. catarrhalis with 25% growing multi-
ple organisms [66]. In 119 children with maxillary sinusitis >8 weeks, without
cystic fibrosis or immunodeficiency, 67% of aerobic cultures were positive,
most commonly for H. influenza (24%), S. pneumonia (19%), M. catarrhalis
(17%), coagulase-negative Staphylococcus (6%), and alpha-hemolytic strepto-
cocci (6%) [67]. In 40 children with CRS studied by Brook et al., anaerobes
were recovered in all of the culture-positive specimens [68], including gram-
negative bacilli, gram-positive cocci, and Fusobacterium. In 93 endoscopically
obtained pediatric maxillary sinus samples in patients with CRS, bacterial
growth was present in 93% of samples, with anaerobes isolated in 93%.
Anaerobes alone were isolated in 70% of the cases, most commonly Bacteroides
species and gram-positive anaerobic cocci [69]. A 2010 study by Hsin et al. of
165 children with cultures obtained by maxillary sinus puncture showed isolates
of alpha-hemolytic Streptococcus (21%), H. influenza (20%), S. pneumoniae
(14%), coagulase-negative Staphylococcus (13%), and S. aureus (9%) [26].
This study demonstrated the changing bacteriologic profile in CRS and also
demonstrated a high resistance rate to amoxicillin in H. influenza. Gram-
negative enteric rods have been identified in 27% of CRS patients but were not
recovered from control group non-CRS patients. These included P. aeruginosa,
Klebsiella pneumoniae, and Proteus [70]. Invasive fungal sinusitis is rare in
children and is associated with immunodeficiency, especially hematologic
malignancies. Fungi including Mucor and Aspergillus are commonly identified
in this subset of pediatric CRS [71].

Newer studies have brought to light the importance of the interaction between
bacteria and the inflammatory response. Some groups have suggested that the
inflammatory response is the principal driver of CRS while bacteria are simply
bystanders which alter the immune response [72]. It is now widely thought that the
persistent inflammatory response, rather than bacterial infection, may be the key
factor increasing obstructive symptoms in children, and thus leading to persisting
infection [63, 73].
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Biofilm Formation in Chronic Rhinosinusitis

It has become apparent that bacterial biofilms play an important role in CRS develop-
ment and the high rates of antibiotic resistance in these patients. Bacteria exist in
planktonic and biofilm form. In biofilm formation, bacteria are able to produce an
extracellular glycocalyx matrix of polysaccharides and proteins which forms a pro-
tective cover for the bacterial colony. These biofilm-forming colonies are generally
polymicrobial, and with more organisms, the biofilm can become more resilient. The
bacteria produce quorum-sensing molecules as the biofilm grows, and these can regu-
late gene and protein production in addition to regulating growth rate. Expression of
proadhesion molecules and growth of pili contribute to stronger cellular interactions
[74]. Biofilms are antibiotic protective and have been shown to increase minimal
inhibitory concentrations of antibiotics from 100 to 1000 times [75]. The outer layer
of the biofilm acts as a protective mechanism for the inner bacteria, so antibiotics
targeting replication are not effective against the deeper bacteria [76]. These features
of biofilms allow for persistent infection and long-term inflammatory reactions.

Lymphoid tissue in the upper airway may act as a bacterial reservoir that can pro-
mote biofilm formation. Biofilms have been found in the adenoid tissue of patients
with otitis media and with recurrent upper respiratory infections [77, 78]. In pediatric
patients with sinusitis, 79.3% of adenoids were colonized with bacteria, most com-
monly H. influenza (28.5%), S. pneumonia (21.7%), S. pyogenes (21.0%), and S.
aureus (15.6%) [79]. The likelihood of bacterial isolation from the adenoid was also
higher in those patients with worse radiographic sinusitis. When compared to patients
with obstructive sleep apnea, patients with chronic rhinosinusitis have increased bio-
film surface area. The CRS patients have 94.9% of their adenoid surface area covered
with mature biofilm versus only 1.9% surface area coverage in patients with obstruc-
tive sleep apnea [80]. In adult patients with endoscopic sinus surgery for CRS, 78%
of sinus mucosal specimens contained biofilms with H. influenza, S. pneumonia, and
S. aureus. P. aeruginosa was not identified [81]. There have not been any studies
looking at biofilm formation in the nasal mucosa of pediatric patients.

The majority of microbiological data of pediatric sinusitis suggests that it is simi-
lar to adult sinusitis. There have been a significantly larger number of studies in the
adult sinusitis population, both acute and chronic. There remains a paucity of com-
prehensive sinusitis studies in pediatric patients, largely due to the invasive nature
of appropriate sinus sampling. Data we do have show a variety of pathogenic organ-
isms with minimal agreement between the studies. The reality is that there is likely
a complex balanced interplay between microbes, inflammation, anatomy, and anti-
biotic treatment that determine health or disease with respect to the sinuses.

References

1. Gwaltney JM. Acute community-acquired sinusitis. Clin Infect Dis. 1996;23(6):1209-23; quiz
1224-5.

2. Puhakka T, Mikeld MJ, Alanen A, et al. Sinusitis in the common cold. J Allergy Clin Immunol.
1998;102(3):403-8.



66

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

P. R. Purnell and M. M. Carr

. American Academy of Pediatrics. Subcommittee on Management of Sinusitis and Committee
on Quality Improvement. Clinical practice guideline: management of sinusitis. Pediatrics.
2001;108(3):798-808.

. Wald ER, Guerra N, Byers C. Upper respiratory tract infections in young children: duration of
and frequency of complications. Pediatrics. 1991;87(2):129-33.

. Fireman P. Diagnosis of sinusitis in children: emphasis on the history and physical examina-
tion. J Allergy Clin Immunol. 1992;90(3. Pt 2):433-6.

. Brook 1. Aerobic and anaerobic bacteriology of purulent nasopharyngitis in children. J Clin
Microbiol. 1988;26(3):592-4.

. Gordts F, Halewyck S, Pierard D, Kaufman L, Clement PA. Microbiology of the middle meatus:
a comparison between normal adults and children. J Laryngol Otol. 2000;114(3):184-8.

. Gordts F, Abu Nasser I, Clement PA, Pierard D, Kaufman L. Bacteriology of the middle
meatus in children. Int J Pediatr Otorhinolaryngol. 1999;48(2):163-7.

. Huang W-H, Hung P-K. Methicillin-resistant Staphylococcus aureus infections in acute rhino-

sinusitis. Laryngoscope. 2006;116(2):288-91.

Whitby CR, Kaplan SL, Mason EO, et al. Staphylococcus aureus sinus infections in children.

Int J Pediatr Otorhinolaryngol. 2011;75(1):118-21.

Osur SL. Viral respiratory infections in association with asthma and sinusitis: a review. Ann

Allergy Asthma Immunol. 2002;89(6):553-60.

Jacobs SE, Lamson DM, St George K, Walsh TJ. Human rhinoviruses. Clin Microbiol Rev.

2013;26(1):135-62.

Revai K, Dobbs LA, Nair S, Patel JA, Grady JJ, Chonmaitree T. Incidence of acute otitis

media and sinusitis complicating upper respiratory tract infection: the effect of age. Pediatrics.

2007;119(6):e1408-12.

Marom T, Alvarez-Fernandez PE, Jennings K, Patel JA, McCormick DP, Chonmaitree

T. Acute bacterial sinusitis complicating viral upper respiratory tract infection in young chil-

dren. Pediatr Infect Dis J. 2014;33(8):803-8.

Brook I. Bacteriology of acute and chronic frontal sinusitis. Arch Otolaryngol Head Neck

Surg. 2002;128(5):583-5.

Savolainen S, Jousimies-Somer H, Kleemola M, Ylikoski J. Serological evidence of viral or

Mycoplasma pneumoniae infection in acute maxillary sinusitis. Eur J Clin Microbiol Infect

Dis. 1989;8(2):131-5.

Wald ER, Byers C, Guerra N, Casselbrant M, Beste D. Subacute sinusitis in children. J Pediatr.

1989;115(1):28-32.

Brook I, Frazier EH, Foote PA. Microbiology of the transition from acute to chronic maxillary

sinusitis. ] Med Microbiol. 1996;45(5):372-5.

Brook I, Foote PA, Hausfeld JN. Frequency of recovery of pathogens causing acute maxillary

sinusitis in adults before and after introduction of vaccination of children with the 7-valent

pneumococcal vaccine. ] Med Microbiol. 2006;55.(Pt 7:943-6.

Brook I, Gober AE. Frequency of recovery of pathogens from the nasopharynx of children

with acute maxillary sinusitis before and after the introduction of vaccination with the 7-valent

pneumococcal vaccine. Int J Pediatr Otorhinolaryngol. 2007;71(4):575-9.

McNeil JC, Hulten KG, Mason EO, Kaplan SL. Serotype 19A is the most common

Streptococcus pneumoniae isolate in children with chronic sinusitis. Pediatr Infect Dis J.

2009;28(9):766-8.

Olarte L, Hulten KG, Lamberth L, Mason EO, Kaplan SL. Impact of the 13-valent pneumo-

coccal conjugate vaccine on chronic sinusitis associated with Streptococcus pneumoniae in

children. Pediatr Infect Dis J. 2014;33(10):1033-6.

Wald ER, Reilly JS, Casselbrant M, et al. Treatment of acute maxillary sinusitis in childhood:

a comparative study of amoxicillin and cefaclor. J Pediatr. 1984;104(2):297-302.

‘Wald ER, Milmoe GJ, Bowen A, Ledesma-Medina J, Salamon N, Bluestone CD. Acute maxil-

lary sinusitis in children. N Engl J Med. 1981;304(13):749-54.



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.

43.

44,

45.

Microbiology of Pediatric Sinusitis 67

Benninger MS, Payne SC, Ferguson BJ, Hadley JA, Ahmad N. Endoscopically directed middle
meatal cultures versus maxillary sinus taps in acute bacterial maxillary rhinosinusitis: a meta-
analysis. Otolaryngol Head Neck Surg. 2006;134(1):3-9.

Hsin C-H, Tsao C-H, Su M-C, Chou M-C, Liu C-M. Comparison of maxillary sinus punc-
ture with endoscopic middle meatal culture in pediatric rhinosinusitis. Am J Rhinol.
2008;22(3):280—4.

Benninger MS, Appelbaum PC, Denneny JC, Osguthorpe DJ, Stankiewicz JA. Maxillary sinus
puncture and culture in the diagnosis of acute rhinosinusitis: the case for pursuing alternative
culture methods. Otolaryngol Head Neck Surg. 2002;127(1):7-12.

Parsons DS, Wald ER. Otitis media and sinusitis: similar diseases. Otolaryngol Clin N Am.
1996;29(1):11-25.

Marchisio P, Ghisalberti E, Fusi M, Baggi E, Ragazzi M, Dusi E. Paranasal sinuses and mid-
dle ear infections: what do they have in common? Pediatr Allergy Immunol. 2007;18(Suppl
1):31-4.

Rujanavej V, Soudry E, Banaei N, Baron EJ, Hwang PH, Nayak JV. Trends in incidence and
susceptibility among methicillin-resistant Staphylococcus aureus isolated from intranasal cul-
tures associated with rhinosinusitis. Am J Rhinol Allergy. 2013;27(2):134-7.

Hamill CS, Sykes KJ, Harrison CJ, Weatherly RA. Infection rates of MRSA in complicated
pediatric rhinosinusitis: An up to date review. Int J Pediatr Otorhinolaryngol. 2018;104:79-83.
Boucher H, Miller LG, Razonable RR. Serious infections caused by methicillin-resistant
Staphylococcus aureus. Clin Infect Dis. 2010;51(Suppl 2):S183-97.

Martins A, Bordino L, Cohen D, Cruz D, Fitz Maurice Mde L, Spini RG. [Maxillary
osteomyelitis secondary to rhinosinusitis in children: case report]. Arch Argent Pediatr.
2016;114(2):e87-90.

Kumar PS, Cunnion KM. Acute MRSA sinusitis with intracranial extension and marginal
vancomycin susceptibility. Case Rep Pediatr. 2013;2013:153239.

Fritz SA, Krauss MJ, Epplin EK, et al. The natural history of contemporary Staphylococcus
aureus nasal colonization in community children. Pediatr Infect Dis J. 2011;30(4):349-51.
Brook I. Sinusitis of odontogenic origin. Otolaryngol Head Neck Surg. 2006;135(3):349-55.
Brook I. Microbiology and management of endodontic infections in children. J Clin Pediatr
Dent. 2003;28(1):13-7.

Puglisi S, Privitera S, Maiolino L, et al. Bacteriological findings and antimicrobial resistance
in odontogenic and non-odontogenic chronic maxillary sinusitis. J Med Microbiol. 2011;60.
(Pt 9:1353-9.

Moore BM, Blumberg K, Laguna TA, Liu M, Zielinski EE, Kurachek SC. Incidental sinusitis
in a pediatric intensive care unit. Pediatr Crit Care Med. 2012;13(2):e64-8.

Holzapfel L, Chastang C, Demingeon G, Bohe J, Piralla B, Coupry A. A randomized study
assessing the systematic search for maxillary sinusitis in nasotracheally mechanically ven-
tilated patients. Influence of nosocomial maxillary sinusitis on the occurrence of ventilator-
associated pneumonia. Am J Respir Crit Care Med. 1999;159(3):695-701.

George DL, Falk PS, Umberto Meduri G, et al. Nosocomial sinusitis in patients in the medical
intensive care unit: a prospective epidemiological study. Clin Infect Dis. 1998;27(3):463-70.
Humphrey MA, Simpson GT, Grindlinger GA. Clinical characteristics of nosocomial sinusitis.
Ann Otol Rhinol Laryngol. 1987;96(6):687-90.

Grindlinger GA, Niehoff J, Hughes SL, Humphrey MA, Simpson G. Acute paranasal sinusitis
related to nasotracheal intubation of head-injured patients. Crit Care Med. 1987;15(3):214-7.
Balsalobre Filho LL, Vieira FMJ, Stefanini R, Cavalcante R, Santos Rde P, Gregério
LC. [Nosocomial sinusitis in an intensive care unit: a microbiological study]. Braz J
Otorhinolaryngol. 2011;77(1):102-6.

Holzapfel L, Chevret S, Madinier G, et al. Influence of long-term oro- or nasotracheal intuba-
tion on nosocomial maxillary sinusitis and pneumonia: results of a prospective, randomized,
clinical trial. Crit Care Med. 1993;21(8):1132-8.



68

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.
66.

67.

68.

69.

70.

71.

P. R. Purnell and M. M. Carr

Bert F, Lambert-Zechovsky N. Microbiology of nosocomial sinusitis in intensive care unit
patients. J Infect. 1995;31(1):5-8.

Brook I. Microbiology of nosocomial sinusitis in mechanically ventilated children. Arch
Otolaryngol Head Neck Surg. 1998;124(1):35-8.

Patel NA, Garber D, Hu S, Kamat A. Systematic review and case report: Intracranial complica-
tions of pediatric sinusitis. Int J Pediatr Otorhinolaryngol. 2016;86:200-12.

Hakim HE, Malik AC, Aronyk K, Ledi E, Bhargava R. The prevalence of intracranial compli-
cations in pediatric frontal sinusitis. Int J Pediatr Otorhinolaryngol. 2006;70(8):1383-7.
Ruoppi P, Seppi J, Nuutinen J. Acute frontal sinusitis: etiological factors and treatment out-
come. Acta Otolaryngol. 1993;113(2):201-5.

Southwick FS, Richardson EP, Swartz MN. Septic thrombosis of the dural venous sinuses.
Medicine (Baltimore). 1986;65(2):82—-106.

Ebright JR, Pace MT, Niazi AF. Septic thrombosis of the cavernous sinuses. Arch Intern Med.
2001;161(22):2671-6.

Estrem SA, Tully R, Davis WE. Rhinocerebral mucormycosis: computed tomographic imag-
ing of cavernous sinus thrombosis. Ann Otol Rhinol Laryngol. 1990;99(2 Pt 1):160-1.
Gelston CD, Durairaj VD, Simoes EA. Rhino-orbital mucormycosis causing cavern-
ous sinus and internal carotid thrombosis treated with posaconazole. Arch Ophthalmol.
2007;125(6):848-9.

Kinis V, Ozbay M, Bakir S, et al. Management of orbital complications of sinusitis in pediatric
patients. J Craniofac Surg. 2013;24(5):1706-10.

Soon VTE. Pediatric subperiosteal orbital abscess secondary to acute sinusitis: a 5-year review.
Am J Otolaryngol. 2011;32(1):62-8.

Brook I. Microbiology of acute sinusitis of odontogenic origin presenting with periorbital cel-
lulitis in children. Ann Otol Rhinol Laryngol. 2007;116(5):386-8.

Coudert A, Ayari-Khalfallah S, Suy P, Truy E. Microbiology and antibiotic therapy of sub-
periosteal orbital abscess in children with acute ethmoiditis. Int J Pediatr Otorhinolaryngol.
2018;106:91-5.

Milczuk HA, Dalley RW, Wessbacher FW, Richardson MA. Nasal and paranasal sinus anoma-
lies in children with chronic sinusitis. Laryngoscope. 1993;103(3):247-52.

Smart BA. The impact of allergic and nonallergic rhinitis on pediatric sinusitis. Curr Allergy
Asthma Rep. 2006;6(3):221-7.

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

Boase S, Foreman A, Cleland E, et al. The microbiome of chronic rhinosinusitis: culture,
molecular diagnostics and biofilm detection. BMC Infect Dis. 2013;13:210.

Brook I. The role of antibiotics in pediatric chronic rhinosinusitis. Laryngoscope Investig
Otolaryngol. 2017;2(3):104-8.

Wald ER. Microbiology of acute and chronic sinusitis in children and adults. Am J Med Sci.
1998;316(1):13-20.

Brook I. Microbiology of sinusitis. Proc Am Thorac Soc. 2011;8(1):90-100.

Goldenhersh MJ, Rachelefsky GS, Dudley J, et al. The microbiology of chronic sinus disease
in children with respiratory allergy. J Allergy Clin Immunol. 1990;85(6):1030-9.

Slack CL, Dahn KA, Abzug MJ, Chan KH. Antibiotic-resistant bacteria in pediatric chronic
sinusitis. Pediatr Infect Dis J. 2001;20(3):247-50.

Brook I, Yocum P. Antimicrobial management of chronic sinusitis in children. J Laryngol Otol.
1995;109(12):1159-62.

Erkan M, Ozcan M, Arslan S, Soysal V, Bozdemir K, Haghighi N. Bacteriology of antrum in
children with chronic maxillary sinusitis. Scand J Infect Dis. 1996;28(3):283-5.

Nadel DM, Lanza DC, Kennedy DW. Endoscopically guided cultures in chronic sinusitis. Am
J Rhinol. 1998;12(4):233-41.

Green KK, Barham HP, Allen GC, Chan KH. Prognostic factors in the outcome of invasive
fungal sinusitis in a pediatric population. Pediatr Infect Dis J. 2016;35(4):384-6.



72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Microbiology of Pediatric Sinusitis 69

Kennedy JL, Borish L. Chronic rhinosinusitis and antibiotics: the good, the bad, and the ugly.
Am J Rhinol Allergy. 2013;27(6):467-72.

Bhattacharyya N. The role of infection in chronic rhinosinusitis. Curr Allergy Asthma Rep.
2002;2(6):500-6.

Donlan RM. Biofilms: microbial life on surfaces. Emerg Infect Dis. 2002;8(9):881-90.

Ceri H, Olson ME, Stremick C, Read RR, Morck D, Buret A. The Calgary Biofilm Device:
new technology for rapid determination of antibiotic susceptibilities of bacterial biofilms. J
Clin Microbiol. 1999;37(6):1771-6.

Post JC, Hiller NL, Nistico L, Stoodley P, Ehrlich GD. The role of biofilms in otolaryngologic
infections: update 2007. Curr Opin Otolaryngol Head Neck Surg. 2007;15(5):347-51.

Galli J, Calo L, Ardito F, et al. [Bacterial biofilm identification in the rhinopharingeal mucosa
of children with recurrent infection of the upper respiratory tract and otitis media]. Pediatr
Med Chir. 2008;30(1):31-4.

Kania RE, Lamers GEM, Vonk MJ, et al. Characterization of mucosal biofilms on human
adenoid tissues. Laryngoscope. 2008;118(1):128-34.

Shin KS, Cho SH, Kim KR, et al. The role of adenoids in pediatric rhinosinusitis. Int J Pediatr
Otorhinolaryngol. 2008;72(11):1643-50.

Coticchia J, Zuliani G, Coleman C, et al. Biofilm surface area in the pediatric nasophar-
ynx: chronic rhinosinusitis vs obstructive sleep apnea. Arch Otolaryngol Head Neck Surg.
2007;133(2):110-4.

Dlugaszewska J, Leszczynska M, Lenkowski M, Tatarska A, Pastusiak T, Szyfter W. The
pathophysiological role of bacterial biofilms in chronic sinusitis. Eur Arch Otorhinolaryngol.
2016;273(8):1989-94.

Otten FW, Grote JJ. Treatment of chronic maxillary sinusitis in children. Int J Pediatr
Otorhinolaryngol. 1988;15(3):269-78.

Tinkelman DG, Silk HJ. Clinical and bacteriologic features of chronic sinusitis in children.
Am J Dis Child. 1989;143(8):938—41.

Muntz HR, Lusk RP. Bacteriology of the ethmoid bullae in children with chronic sinusitis.
Arch Otolaryngol Head Neck Surg. 1991;117(2):179-81.

Orobello PW, Park RI, Belcher LJ, et al. Microbiology of chronic sinusitis in children. Arch
Otolaryngol Head Neck Surg. 1991;117(9):980-3.

Brook I, Yocum P, Shah K. Aerobic and anaerobic bacteriology of concurrent chronic oti-
tis media with effusion and chronic sinusitis in children. Arch Otolaryngol Head Neck Surg.
2000;126(2):174-6.

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 Otolaryngol Head Neck Surg. 2001;127(9):1093-8.

Tuncer U, Aydogan B, Soylu L, Simsek M, Akcali C, Kucukcan A. Chronic rhinosinusitis and
adenoid hypertrophy in children. Am J Otolaryngol. 2004;25(1):5-10.

Ilki A, Ulger N, Inanli S, et al. Microbiology of sinusitis and the predictive value of throat
culture for the aetiology of sinusitis. Clin Microbiol Infect. 2005;11(5):407-10.

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

Criddle MW, Stinson A, Savliwala M, Coticchia J. Pediatric chronic rhinosinusitis: a retro-
spective review. Am J Otolaryngol. 2008;29(6):372-8.

Hsin C-H, Su M-C, Tsao C-H, Chuang C-Y, Liu C-M. Bacteriology and antimicrobial suscep-
tibility of pediatric chronic rhinosinusitis: a 6-year result of maxillary sinus punctures. Am J
Otolaryngol. 2010;31(3):145-9.

Stokken J, Gupta A, Krakovitz P, Anne S. Rhinosinusitis in children: a comparison of
patients requiring surgery for acute complications versus chronic disease. Am J Otolaryngol.
2014;35(5):641-6.

Brook I. Bacteriologic features of chronic sinusitis in children. JAMA. 1981;246(9):967-9.



Part 11
Sinusitis and Other Pediatric Issues



Chapter 6
The Role of Adenoids in Pediatric Sinusitis

Check for
updates

Max April and Sara C. Gallant

Background

Up to 5-10% of upper respiratory infections in children are complicated by acute
sinusitis [1, 2]. A subset of children are affected by chronic rhinosinusitis (CRS),
but significant variation exists in definition of this disease in the pediatric popula-
tion. In 2014, a panel selected by the American Academy of Otolaryngology —
Head and Neck Surgery Foundation (AAO-HSNF) published a consensus
statement (Table 6.1) that endeavored to elucidate definitions and management of
pediatric CRS; the definition required at least 90 continuous days of 2 or more
symptoms of purulent rhinorrhea, nasal obstruction, facial pain and pressure, or
cough, as well as endoscopic or computed tomography (CT) findings consistent
with CRS [3].

In keeping with the generally incomplete understanding of pediatric CRS,
it remains unclear why a subset of children are more prone to CRS. Possible
contributing etiologies include allergic rhinitis, anatomic obstruction of the
ostiomeatal unit, susceptibility to upper respiratory tract infections, and cili-
ary dysfunction in the mucus membranes. Challenges that complicate the study
of this process in children include age-dependent difficulty in communicating
symptoms, difficulty of performing nasal endoscopy and obtaining targeted cul-
tures in the less compliant pediatric population, and more recently minimization
of computed tomography in pediatrics in an effort to spare children from long-
term effects of radiation.
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Table 6.1 Pediatric chronic rhinosinusitis: statements reaching consensus among AAO-HNS
expert panel

Statement

1 Pediatric chronic rhinosinusitis is defined as at least least 90 continuous
days of 2 or more symptoms of purulent rhinorrhea, nasal obstruction,
facial pressure/pain, or cough and either endoscopic signs of mucosal
edema, purulent drainage, or nasal polyposis and/or CT scan changes
showing mucosal changes within the ostiomeatal complex and/or
sinuses in a pediatric patient aged 18 years or younger

2 Management of children aged 12 years and younger with CRS is distinctly
different than management of children aged 13 to 18 years old with CRS
3 Nasal endoscopy (flexible or rigid) is appropriate in evaluating a

child with CRS to document purulent drainage, mucosal edema, nasal
polyps, and/or adenoid pathology (hyperplasia, infection)

4 Management of the children with nasal polyps and CRS is distinctly
different than management of children with CRS unaccompanied by nasal
polyps

5 Allergic rhinitis is an important contributing fact or to PCRS, especially in
older children

6 Adenoiditis is an important contributing factor to PCRS, especially in
younger children

7 The ability of adenoidsto serve as a bacterial reservoir for PCRS is

independent of adenoid size

Table listing statements about pediatric CRS for which a panel of experts organized by the AAO-
HNS reached consensus. Adenoid-related statements are in shaded fields. Used with permission
from [3]

The 2014 consensus panel identified that “adenoiditis is an important contribut-
ing factor to pediatric CRS, especially in younger children.” The adenoid tissue is
composed of a variably-sized mound of epithelial immune tissue located in the
nasopharynx. It is part of Waldeyer’s ring and is exposed to both airborne and
ingested antigens due to its position in the upper airway. It can also harbor viruses
and bacteria, which can inoculate the nasal and sinus mucosa or the middle ear caus-
ing infections. When adenoid tissue is enlarged, mass effect can cause nasal obstruc-
tion and voice abnormalities, as well as impaired drainage of secretions from the
nasopharynx and nasal cavities. Adenoid tissue reaches a maximum size at the age
3—7 years and then begins to involute with increasing age.

There are several reports indicating that CRS symptoms may improve after chil-
dren undergo adenoidectomy; a 2008 meta-analysis identified 9 papers that
described efficacy of adenoidectomy in pediatric CRS. An estimated 69.3% of
patients had post-adenoidectomy improvement in sinusitis symptoms including rhi-
norrhea, post-nasal drip, cough, congestion, antibiotic courses, and doctor’s office
visits, per caregiver report [4]. Adenoidectomy has become a common step in man-
agement of CRS in children who fail conservative medical management due to these
noted improvements in symptoms postoperatively.
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Pathophysiology: Adenoid Tissue and CRS

In children, the structural cause of nasal obstruction can be within the nasal cavity
(e.g., inflamed or enlarged inferior turbinates or septal deviation) or within the naso-
pharynx, where adenoid hypertrophy may be the culprit. However, adenoidectomy
is reported to improve CRS symptoms such as rhinorrhea, cough, post nasal drip,
and halitosis, which cannot be explained if adenoidectomy’s effectiveness is solely
due to the removal of nasal and nasopharyngeal obstruction [4]. The mechanism by
which it helps these symptoms may include but not be limited to elimination of an
obstruction which causes secretion stasis by blocking drainage from the nasal cavi-
ties and nasopharynx, as well as elimination of a nidus for chronic bacterial
colonization.

Adenoid tissue is known to harbor bacteria, particularly group A beta-hemolytic
streptococcus, H. influenzae, and S. aureus. During upper respiratory infections or
in cases of inflammatory conditions such as allergic rhinitis, impaired mucociliary
function may allow these bacteria entry into the sinuses via the ostia.

A prospective study examining species and burden of pathogens in core adenoid
tissue of children undergoing adenoidectomy for multiple reasons showed a strong
positive correlation between level of sinonasal symptomatology in a given patient
and the number of colony forming units and pathogens found in that patient’s ade-
noid tissue, after adjustment for specimen weight and the effects of nasal obstruc-
tion symptoms [1].

Another study compared maxillary sinusitis severity based on preoperative
Waters’ view paranasal sinus radiographs, adenoid size based on lateral skull base
radiographs, and adenoid bacteriology in children who underwent adenoidectomy
for symptoms of adenoid hypertrophy. The most commonly isolated bacteria were
H. influenzae, S., pneumoniae, and S. pyogenes. Bacterial isolation rate increased
significantly according to the sinusitis grade, but there was no statistically signifi-
cant correlation between sinusitis grade or adenoid bacteriology and adenoid to
nasopharynx size ratio [5].

Otolaryngologists and other physicians should be aware of the bacteria’s ability
to form complex adherent communities known as biofilms on mucosal surfaces
such as the adenoid. Individual planktonic bacteria communicate with each other
and coalesce, subsequently adhering to surfaces using glycoconjugate moieties. An
exopolysaccharide matrix is formed as the cells divide, and gradually the colony
forms complex structures such as towers and water channels from a substance
called extracellular polymeric substances (EPSs). These structures enhance survival
of the bacteria within them; they help the bacteria eliminate waste, create a pH and
oxygen tension gradient which allow maximum metabolic efficiency within the
colony, and provide protection from mechanical forces, antibiotic treatment, and
host defenses. Biofilms’ resistance to the normal antibacterial functions of the
immune system can lead to a sustained inflammatory response, which damages
nearby mucosa without eradicating the bacterial infection. At intervals, biofilms
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shed individual or clusters of metabolically active surface planktonic bacteria,
which can then act as pathogens at separate loci. Thus, otolaryngologic diseases
which involve biofilms often have a chronic time course and are characterized by
antibiotic resistance and acute flare-ups [6].

Biofilms have been implicated in PCRS after having been identified in the para-
nasal sinus mucosa and in the adenoid tissue of pediatric patients with CRS. A study
that used electron microscopy to compare the adenoid tissue removed from children
with CRS and children requiring adenoidectomy for obstructive sleep apnea (OSA)
found that the CRS-associated adenoid tissue had a mean of 94.9% surface coverage
by mature biofilms, whereas the OSA-associated adenoid tissue had a mean of 1.9%
coverage [7]. With biofilm presence in the adenoid tissue, intermittent shedding of
active bacteria could intermittently seed the paranasal sinuses causing acute epi-
sodes of infection and chronic inflammation, as well as establishment of biofilms
within the paranasal sinuses. Although consensus is that size of the adenoid does not
seem to affect its ability to harbor bacteria [3], further extension into the nasal cavity
due to hypertrophy could allow these shedding active bacteria to access the parana-
sal sinuses more easily due to closer proximity.

Several studies suggest that the adenoid plays its role in the immune system dif-
ferently in patients with CRS than in those who undergo adenoidectomy for differ-
ent indications. Adenoid tissue is composed largely of B and T lymphocytes, with a
small component of plasma cells, covered with respiratory epithelium. Via this epi-
thelium, the adenoid is thought to affect mucociliary clearance, secrete endogenous
antimicrobial peptides (AMPs), and express pattern recognition receptors (PRRs)
such as toll-like receptors (TLRs) which in turn recognize pathogen-associated
molecular patterns (PAMPs) which are presented to the mucosa. One small study
compared levels of messenger RNA for selected genes of innate immunity in hyper-
trophic adenoid tissue removed from children with and without CRS. The study
found that levels of RNA for SP-D, a mucosally secreted innate immunity protein
that binds to pathogens and hastens clearance by antigen-presenting cells, were
lower in the adenoidal epithelium of the patients who had CRS compared to those
who had adenoid hypertrophy alone. On the other hand, levels of all common PRRs
were not significantly different between the groups [8].

The adenoid tissues also secrete IgA, thus affecting mucosal surface protec-
tion. A study comparing adenoid tissue from children who underwent adenoidec-
tomy for adenoid obstruction to tissue from children with otitis media with
effusion (OME) or CRS showed lower IgA antibody staining in the children with
or CRS [9].

A prospective study comparing surgically removed adenoid tissue from children
with and without CRS found that the CRS patients’ tissue expressed higher levels of
tissue-remodeling associated cytokines like matrix metalloproteases (MMPs).
These cytokines have been shown to be highly expressed in the nasal mucosa of
CRS patients and are thought to play a major role in tissue remodeling and inflam-
mation. The same study found that greater CRS severity as measured by radio-
graphic plain film findings was significantly correlated with higher levels of
activated inflammatory cells and cytokines in adenoid tissues [10].
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Pediatric CRS has also been linked with asthma, which affects 2-20% of chil-
dren [3]. The two diseases have similar pathophysiology — mast cells and eosinophils
have been identified in the nasal mucosa of patients with allergic rhinitis and in the
bronchial mucosa of patients with asthma. It is unclear whether the same inflamma-
tory processes in the upper and lower airway tract cause both asthma and CRS as in
the “united airway” hypothesis, or whether there is a more complicated interplay
between differing inflammatory processes going on in the upper and lower airway.

A study comparing the expression of inflammatory cytokines in adenoid and
sinus tissue sampled from children with CRS with or without asthma and from con-
trols who were undergoing surgery for other pathologies showed an increase in
select inflammatory cytokines and chemokines in sinus and adenoid tissues in chil-
dren with CRS compared to controls, and higher levels of the same cytokines in the
asthmatic CRS group when compared to the non-asthmatic CRS group [11].

Approaches to Treatment

Traditionally, the cornerstone of medical therapy for pediatric CRS has consisted of
topical nasal steroid sprays, irrigations, and prolonged courses of broad-spectrum
beta-lactamase stable antibiotics. Adjunct treatments may include systemic steroids,
decongestants, allergy management, and antireflux medications. For children who
fail medical management, the preferred approach to treatment is still evolving.

A prospective cohort study of 41 imaging-confirmed pediatric CRS patients from
1995 examined response based on caregiver surveys to a stepwise approach to
refractory pediatric CRS treatment, consisting of a 2-month course of a beta-
lactamase stable antibiotic (in addition to a prior 3-week course which was required
for study inclusion), followed by adenoidectomy, and then ESS if indicated. Of
note, out of 26 nonresponders to antibiotics, 10 progressed to adenoidectomy; in 16
patients, no adenoids were present so they went on to FESS. Two patients under-
went FESS after failing adenoidectomy. Interestingly, there were no differences
between groups in terms of number of sinus areas involved on CT. However, patients
in the group that progressed to FESS were more likely to have asthma, allergic rhi-
nitis, a longer duration of sinusitis, more total episodes of infection, and a greater
number of symptoms. At 1-year follow-up, 88% of caregivers had had their expecta-
tions met. 13% of patients receiving antibiotics with or without adenoidectomy had
expectations exceeded, whereas 50% of ESS patients did. All major symptoms were
improved in 100% of ESS patients, compared with 75% of adenoidectomy patients
and 67% of antibiotic patients. The groups of children as divided by final treatment
did not differ significantly in terms of final outcomes, indicating a successful
stepped approach [12].

The 2014 AAO-HNSF panel reached consensus that topical nasal steroid sprays
and irrigations are beneficial for PCRS. The panel did not reach a consensus on an
appropriate minimum antibiotic regimen for PCRS, but did reach consensus that
20, when compared to 10 days of antibiotics, may have a superior clinical effect and
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that culture-directed antibiotic therapy might improve outcomes for PCRS patients
who fail empiric antibiotic therapy targeted at common sinonasal pathogens. With
regard to adenoidectomy, consensus was reached that adenoidectomy was an effec-
tive initial surgical therapy for patients aged up to 6 years; less consensus was
obtained for patients aged 6—12 years, and no consensus could be reached regarding
the role of adenoidectomy as first-line surgical treatment for patients older than 13
due to the absence of data in the literature surrounding adenoidectomy in this age
group. When considering ESS, consensus was reached that it is best performed
after failure of medical management, adenoidectomy, or both to control PCRS
symptoms [3].

Several papers challenge this recommendation. A prospective study compared
caregiver questionnaire-based outcomes at 6 and 12 months in patients with pediat-
ric CRS who had failed 6 months of medical management and who underwent
either adenoidectomy or ESS. Surgery was assigned in a nonrandomized fashion.
As might be expected given the nonrandomized assignment of surgery, the ESS
group had more severe disease based on CT findings as well as an older average age.
After surgery, the ESS group reported more improvement in all symptoms except
for nasal congestion and cough (which were similar) than the adenoidectomy group.
77% of patients who underwent ESS compared with 47% of patients who under-
went adenoidectomy reported symptom improvement at 6 months. 3% of ESS
patients compared with 40% of adenoidectomy patients went on to receive the other
surgery due to refractory symptoms. Adjustment for age, sex, asthma, allergy, CT
stage, and day care status with multivariate analysis showed that the rates of
improvement in one or more of the questionnaire symptoms after ESS compared
with adenoidectomy were still significant despite nonrandomization. Interestingly,
this analysis also revealed asthma as the only other significant predictor of success
after surgery. Of note, because all of these children had been referred after at least
6 months of medical therapy and had disease on CT scan, the sample patients may
have had more severe disease than the general pediatric CRS population [13].

Adenoidectomy is not effective definitive treatment for all children with
CRS. One study aimed at elucidating which children would have improvements in
sinusitis after adenoidectomy grouped children by size of their adenoid and found
that adenoidectomy improved sinusitis in 20% in the group with a small adenoid,
35% in the group with a medium adenoid, and 57% in the group with a large ade-
noid [14]. It is unclear why size may be predictive of clinical response; as is noted
earlier in this chapter, several studies have suggested that bacterial burden of ade-
noid tissue is independent of its size [1, 5]. A larger adenoid may cause worse symp-
toms due to nasal obstruction factors or may cause worsened nasal cavity and
ostiomeatal complex disease by creating a greater impediment to proper drainage
and creating greater physical proximity of their bacterial loads to the sinonasal
mucosa.

Endoscopic sinus surgery (ESS) can be safely performed in children by clini-
cians with adequate experience. However, in ESS as compared to adenoidectomy,
there is a greater risk of serious complications such as periorbital injury, CSF leak,
or other injury from the inherent nature of the procedure. In one paper comparing
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groups undergoing ESS alone, adenoidectomy alone, and ESS in combination with
adenoidectomy, the only surgical complications — minor orbital complications in
2.9% of patients — were related to an ESS procedure [2].

ESS also involves more resources than adenoidectomy; there is a more compli-
cated list of endoscopic equipment, state-of-the-art surgery mandates the use of
image guidance which can be expensive and requires a thin-cut CT scan with radia-
tion, and OR times are longer than in adenoidectomy.

Previously cited reasons to avoid or delay ESS in children include fear of disrupt-
ing facial bone growth and difficulty of post-op debridement. The former concern
was based on animal studies in which ESS was performed unilaterally and in which
growth retardation was seen in the facial skeleton on the operated side. However, a
2002 comparison of pediatric patients who underwent ESS compared with those who
were offered but refused ESS showed no difference in facial growth over a 10-year
period [15]. Indeed, the panel which created the AAO-HNSF consensus statement on
the topic of pediatric CRS agreed that there was lack of convincing evidence of this
reason for avoiding ESS in children. The panel also agreed that good postoperative
debridement is not necessary for successful results of ESS in PCRS [3].

One key question is whether adenoidectomy or ESS should be performed sepa-
rately with one as the first line, or in tandem. Another prospective nonrandomized
study compared children with refractory CRS who underwent ESS alone, adenoid-
ectomy alone, or adenoidectomy and ESS in combination. Some patients in the
ESS-alone group did better than the adenoidectomy alone, and some of the patients
in the ESS and adenoidectomy group did better than children in the single modality
groups. Adenoidectomy was successful at alleviating symptoms in 52% of cases,
whereas ESS was successful in 75% and ESS with adenoidectomy successful in
87%. Multivariate analysis controlling for age, gender, asthma, allergy, severity of
disease based on CT, cigarette smoke exposure, and day care attendance showed
that ESS plus adenoidectomy was more effective than ESS alone. The authors of
the study concluded therefore that children should be offered adenoidectomy alone
or both adenoidectomy and ESS at once. They found that children with asthma
who were exposed to cigarette smoke benefited the least from adenoidectomy
alone and more from ESS and adenoidectomy together. They also noted that chil-
dren under 6 years of age with low CT score and no asthma tended to have success
from adenoidectomy alone, whereas children older than 6 years with a high CT
score had a 96% success rate with combined ESS and adenoidectomy [2].

Another paper by the same lead author, this time retrospective, aimed to establish
which children who underwent adenoidectomy for CRS were likely to fail to
improve after this intervention and go on to require ESS after a period of time.
Sixty-one out of 121 children failed to improve after adenoidectomy; 55 went on to
undergo ESS. The mean time from adenoidectomy to ESS in those who required it
was 24 months. Asthma and age of less than 7 years were predictive of earlier fail-
ure. The study did not compare characteristics of the failure group with characteris-
tics of the group of all patients who underwent adenoidectomy for CRS [16].

Balloon sinuplasty is a relatively recently developed intervention which serves as
a procedure that opens key sinus ostia without stripping mucosa and with less risk
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to adjacent structures. A nonrandomized prospective study which compared symp-
tom scores in children who underwent adenoidectomy alone with those who under-
went adenoidectomy with targeted balloon sinuplasty found that 52.6% of children
undergoing adenoidectomy had a significant score improvement 12 months after
surgery compared with 80% of children who also underwent balloon catheter sinu-
plasty. There were no complications, suggesting that this can be a relatively safe and
effective procedure in children. However, the procedure is described as being per-
formed under general anesthesia for the pediatric population, which somewhat
changes the calculation of risks and benefits of the procedure [17].

Summary/Recommendations

The authors of this chapter believe that endoscopy plays an important role in the
diagnosis and treatment of pediatric CRS, not only for evaluation of mucosal edema,
purulence, turbinate hypertrophy, and presence or absence of nasal polyps, but also
for evaluation of adenoid hypertrophy and adenoiditis (Fig. 6.1). This was a

Fig. 6.1 Endoscopic
evaluation of the adenoid
allows the practitioner to
identify hypertrophy and
inflammation. In this
4-year-old patient, the
adenoid tissue protrudes
into the nasal cavity. It is
covered in an exudate and
is erythematous; the
erythema extends to the
posterior nasal septum
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statement for which the AAO-HNSF panel also reached consensus [3]. Due to
reports that adenoid size does not correlate with the extent to which adenoids harbor
biofilms, obtaining lateral plain films to assess the adenoids is not recommended.

Primary medical management should include nasal saline rinses, topical nasal
steroid sprays, and a trial of antibiotics. For patients who do not respond, adenoid-
ectomy can be performed with the goal of disrupting and debriding the biofilm resi-
dent in the nasopharynx, as well as minimizing nasal obstruction.

Patient selection is important for good outcomes. Certain patients including
those with craniofacial syndromes, cystic fibrosis, nasal polyposis, allergic fungal
disease, immunodeficiency, and ciliary dyskinesia may have predisposing factors
that suggest they will not respond well to adenoidectomy; for this reason, these
causes should be considered and ruled out as indicated prior to initiation of treat-
ment with procedures such as allergy evaluation, immunoglobulin deficiency
workup, and sweat chloride testing. Recurrent episodes of pneumonia or bronchitis
or, to a lesser degree, recurrent otitis media should prompt the otolaryngologist to
pursue these studies. The presence or absence of asthma should also be noted, as the
literature suggests that children with asthma tend to benefit more aggressive surgi-
cal treatment for CRS than adenoidectomy alone. Age also plays a role in patient
selection; it is reflected in the clinical consensus statement by the expert panel that
once children reach the age of 13, treatment approach to CRS tends to differ and
ESS may be warranted earlier in the patient’s course.

The size of the patients’ adenoid is also important to assess for treatment plan
development. For patients with a large adenoid that clearly extends into the nasal
cavity, adenoidectomy seems to be a prudent first surgical step in treatment. For
those with a small adenoid, it may be more efficient to proceed directly with ESS
and adenoidectomy. However, if the inferior turbinates are enlarged, while the ade-
noid is small, adenoidectomy and inferior turbinate reduction may be trialed prior
to performing ESS. In patients who have an intermediate amount of adenoid tissue,
other patient factors such as age, symptomology, and parental preference help to
shape the decision of whether to proceed with adenoidectomy alone or perform ESS
(Fig. 6.2). These approaches may vary by patient. Though this framework for
decision-making seems to work well for our patient population, it has not been for-
mally measured or compared to other approaches.

We generally perform adenoidectomy using a powered curved microdebrider
blade followed by suction monopolar cautery of the base. This approach efficiently
removes adenoid tissue with the microdebrider blade, then uses suction monopolar
cautery to simultaneously achieve good hemostasis and creates a smooth nasopha-
ryngeal base to decrease crevices in which bacteria may collect and reestablish bio-
films. The papers in the literature describe a variety of means of removing adenoid
tissue, including curette and suction cautery; it is unclear whether removal tech-
nique affects outcomes, and these techniques have not been compared in the
literature.

There are still many unanswered questions surrounding the role of adenoidec-
tomy in pediatric CRS. There are relatively few papers on this topic, many of which
are by the same few authors. There are also inherent difficulties in studying this



82 M. April and S. C. Gallant

Patient presentation

¢ Detailed history

 Physical including nasal endoscopy with
attention to dimensions and appearance
of adenoid tissue

-

| Trial of medical management |

i

If successful: continue medical | If failure: repeat nasal endoscopy

management /
v
Small adenoid Medium Large adenoid
¢ adenoid
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proceed to adenoidectomy with | Patient-dependent approach | | Adenoidectomy
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surgery with reduction OR ;

adenoidectomy endoscopic sinus If failure, proceed to
surgery with endoscopic sinus surgery
adenoidectomy

Fig. 6.2 Framework for decision-making

disease in this population. For example, the diagnosis of CRS requires both a spe-
cific symptomology as well as endoscopic or CT findings. However, due to diffi-
culty of interviewing pediatric patients, many papers only look at caregiver surveys
when assessing outcomes after adenoidectomy or ESS; this introduces a source of
bias. Another issue with assessing response arises from the recent relative infre-
quency with which CT scans are obtained for children due to fears of exposing them
to excess radiation. Also, there are few papers that note long-term results in CRS
patients who undergo adenoidectomy. Future study should attempt to incorporate
more objective measures of success in treatment, more patient cases, and longer
follow-up periods.
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Chapter 7
Allergy and Sinusitis

Sidrah M. Ahmad and Ahmad R. Sedaghat

Introduction

Allergic rhinitis (AR) and chronic rhinosinusitis (CRS) are diseases that share
common clinical and pathophysiological characteristics. Not surprisingly, AR
and CRS are commonly comorbid, and each may impact the disease course of
the other. AR, in particular, has been identified as one important risk factor and
disease modifier for CRS [1].

AR is defined by characteristic symptomatology including nasal obstruction,
rhinorrhea, pruritus, and sneezing that arises due to a type I hypersensitivity reac-
tion against otherwise benign airborne environmental antigens, referred to as
aeroallergens. In contrast, aeroallergen hypersensitivity refers to production of a
type I hypersensitivity reaction that does not necessarily cause clinical symptoms,
but is instead detected through allergy testing (skin or serological) [2]. This dis-
tinction is particularly important in understanding the clinical impact of an aeroal-
lergen in the setting of a corresponding hypersensitivity. However, this distinction
is also difficult to make in the setting of CRS.
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Epidemiology

CRS affects up to 10% of the population in the United States and Western Europe
[1, 3, 4]. The prevalence of CRS specifically in children is less well characterized,
but analysis of data from a nationally representative database suggested that there
were a total of 44.6 million outpatient physician visits for CRS in patients under
20 years of age in the United States between 2005 and 2012 [5, 6]. In contrast to
CRS, AR is far more common. The prevalence of aeroallergen hypersensitivity and
AR in the general pediatric population has been reported to be in the range of
10—40% [7, 8]. Previous studies have shown that aeroallergen hypersensitivity can
be detected even in infants [9]. Patterns of hypersensitivity in children are similar to
those observed in adults—with dust mites and trees being the most common peren-
nial and seasonal hypersensitivities, respectively [9, 10]. Moreover, the prevalence
of aeroallergen hypersensitivities in children with CRS is very similar to the preva-
lence of aeroallergen hypersensitivities in children with AR [11].

Patient Impact

AR has well-described clinical manifestations and downstream consequences,
resulting in both direct and indirect costs that represent a major burden on society.
The most prominent consequence of AR is related to the decreased quality of life
(QOL) due to clinical symptoms suffered by patients, both adults and children [12—
15]. Interestingly, the downstream systemic or extra-nasal symptoms of AR—such
as poor sleep quality or facial discomfort—appear to be the symptoms associated
with the greatest decreases in QOL [15].

The other downstream consequence of AR is related to the lost productivity that
patients experience [14, 16]. In children, this directly translates to absenteeism and
worse performance in school [14]. The costs of these clinical manifestations and
downstream consequences of AR have been described to be billions of dollars annu-
ally [17, 18]. This includes direct costs associated with physician visits and medica-
tion usage as well as indirect costs associated with decreased productivity, which
may equal or even exceed the direct costs.

CRS has similar effects on patients, leading to similarly high costs borne by
the patient, the healthcare system, and society as a whole. Like AR, the primary
consequence of CRS is decreased QOL. In both children and adults, the QOL
detriment associated with CRS has been described to be comparable to that
experienced by patients with other severe diseases such as asthma, rheumatoid
arthritis, or diabetes [19, 20]. Like AR, the chronic symptoms of CRS—most
prominently the systemic symptoms, such as poor sleep quality—appear to be
most greatly associated with decreased QOL [21, 22]. CRS is also associated
with substantial productivity losses related to missed work or school [23]. These
manifestations and consequences of CRS are also associated with billions of



7 Allergy and Sinusitis 87

dollars in both direct and indirect costs [24] with up to 30% of these costs aris-
ing from care of children under 12 years of age [25].

Given the similar impacts of AR and CRS, and their common anatomic disease
epicenter, it is not surprising that AR could potentially modulate the severity of
CRS. AR has previously been shown to affect the disease course and downstream
consequences of asthma, another inflammatory disease of the airway [26]. For
example, AR is associated with more severe asthma and increased frequency of
asthma exacerbations, while treatment of AR may also result in improved asthma
outcomes [27-29]. It is not surprising then that AR has also been shown to nega-
tively impact QOL in CRS, with some hypersensitivities potentially having a greater
effect on CRS-specific QOL than others [30, 31], thereby serving as an important
factor in direct and indirect CRS-related costs.

Pathophysiology: Immunologic

In addition to the epidemiologic association between AR and CRS, AR and CRS
have been shown to have common inflammatory mechanisms. Unlike AR, which by
definition is due to a very specific immunologic mechanism—a type I hypersensi-
tivity reaction—CRS 1is a highly heterogeneous disease [32]. As CRS is defined
based on clinical criteria [33] and not pathophysiology, it is not surprising that many
different pathophysiologic mechanisms could converge upon the clinical phenotype
defining CRS. However, it has long been known that a subset of CRS patients exhib-
its high levels of inflammatory mediators that are common to allergic and atopic
immune conditions.

Allergy is defined pathophysiologically by a type I hypersensitivity reaction,
which is characterized by recognition of allergens by specific IgE antibodies which
then bind to the surface of and activate mast cells. Mast cell activation is accompa-
nied by the release of inflammatory mediators including histamine and prostaglan-
dins, which mediate the characteristic downstream symptoms of allergy. However,
the inflammatory milieu in allergy is characterized by a pattern of inflammation that
is referred to as type 2 T helper (Th2)-mediated inflammation, in reference to the
types of CD4+ (helper) T cells that serve as the master regulators of the inflamma-
tion (Fig. 7.1) [34]. The Th2 response is characterized by the prototypical cytokines
interleukin (IL-) 4, IL-5, and IL-13 that were initially identified to be produced by
Th2 cells over three decades ago [35]. The Th2 response has been shown to have a
prominent role in both allergic diseases and anti-parasitic immune responses. In the
ensuing years since its initial discovery, a significant amount of insight has been
gained into the Th2 inflammatory cascade. An important role for the epithelium and
epithelial injury has been identified in the production of IL-25, IL-33, and TSLP,
which may serve as prominent recruiters of cellular mediators of Th2 inflammation,
including not only Th2 cells but also eosinophils, mast cells, and basophils [36].
More recent work has shown that epithelial injury is one important mechanism for
the consequent inflammatory cascade that recruits Th2 inflammation in the nasal
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Fig. 7.1 Schematic showing the Th2 inflammatory pathway, which includes interactions between
innate immunity (such as the epithelium, macrophages, dendritic cells, ILC-2 s, mast cells, and
eosinophils) and adaptive immunity (including T cells and B cells)

mucosa during AR [37]. As noted above, the cytokines associated with the Th2
response include IL-4, IL-5, and IL-13. It has also been recently shown that these
cytokines are produced by other inflammatory cells such as eosinophils and type 2
innate lymphoid cells in addition to Th2 cells [38], which can also serve to recruit
additional inflammatory cells like mast cells, basophils, and IgE-producing plasma
cells.

Cellular and molecular profiling of patients with CRS has demonstrated that a
subset of CRS patients exhibit abnormally high levels of Th2 mediators in their
sinonasal mucosa [39]. These Th2-skewed CRS patients have historically been
found to have nasal polyps. Similar to AR, Th2 inflammation in CRS is associated
with dysfunction of, or injury to, the sinonasal epithelium [40]. Increasingly sophis-
ticated molecular profiling of sinonasal mucosa performed in conjunction with
patients’ clinical characteristics has led to more detailed subclassification of clinical
presentations of CRS based on pathophysiology, referred to as ‘“‘endotypes.”
Endotyping of CRS patients has shown that CRS patients with high levels of Th2
mediators in their sinonasal mucosa are more likely to have polyps, comorbid
asthma, aeroallergen hypersensitivity, and increasingly recalcitrant disease [41, 42].
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In the vast majority of CRS patients, the antigen (or allergen) that is driving the
disease is not apparent and therefore cannot be targeted. However, in some instances,
an allergen may be identified. For example, some CRS patients with strong Th2
responses have been found to have inflammation in their sinonasal mucosa that is
reflective of an allergy-like responses to Staphylococcus aureus [41]. S. aureus may
in fact be a dominant driving force in a subset of CRS patients [43]. However, it is
possible that allergic inflammation in response to any number of microbes may lead
to the development of CRS, as multiple studies have described disruption of the
sinonasal microbiome in the setting of prominent Th2 inflammation [44, 45].
Allergic fungal rhinosinusitis is a subtype of CRS that is thought to be due to aller-
gic inflammation specifically directed at fungal elements that commonly exist in the
environment or that may be introduced into the paranasal sinuses [46]. Another
clinical phenotype of CRS that has been more recently described in the literature
has been referred to as “central compartment atopic disease” (CCAD) [47, 48].
CCAD describes a subset of CRS patients in whom the sites of mucosal inflamma-
tion, i.e., active disease, are objectively identified to be within the areas of the para-
nasal sinuses closest to the nasal cavity. In these patients, in whom physical exam
findings of polypoid changes to the middle turbinates are noted, there is a high
prevalence of aeroallergen hypersensitivity. The pattern of objective disease distri-
bution appears to be in areas that would be most exposed to aeroallergens, and as
such CCAD is thought to be one form of CRS that is driven by allergy.

Pathophysiology: Anatomic

In addition to specifically driving the underlying inflammation in CRS and promot-
ing common inflammatory responses that may aggravate a patient’s CRS, AR plays
arole in the development and persistence of CRS through other mechanisms. One
simplistic explanation for the development of CRS is through blockage of the sinus
drainage pathways with subsequent mucus retention and oxygen depletion that
inhibits ciliary function and promotes bacterial growth (Fig. 7.2a). AR is associated
with mucosal edema in the nasal cavity and proximal regions of the paranasal
sinuses, which may be one cause of sinus outflow obstruction. Previous work has
also demonstrated that AR may serve as a premorbid condition to CRS [49].
Subsequent work following patients with AR found that the presence of variants of
normal sinonasal anatomy known to cause sinus outflow obstruction, such as infra-
orbital ethmoid air cells, was associated with the subsequent development of CRS
[50, 51]. These results support the notion that allergic inflammation may contribute
to the development of CRS by further constricting already narrow sinus outflow
tracts (Fig. 7.2b).

The obstruction of sinus outflow tracts due to allergic inflammation may also be
a risk factor for recurrent acute bacterial rhinosinusitis [52, 53]. Acute bacterial
rhinosinusitis complicates 4—6% of all upper respiratory tract infections in children
[54]. Its etiopathogenesis is thought to be related to obstructed sinus outflow with
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Fig. 7.2 Schematic showing, on a coronal section through the paranasal sinuses, (a) obstruction
of normal mucociliary clearance (left) by mucosal edema within normal sinus outflow tracts (right)
and (b) further obstruction of normal mucociliary clearance (left) by mucosal edema within the
outflow tract of a maxillary sinus with the obstructive anatomic variant referred to as an infraorbital
ethmoid air cell (right)

stasis of mucus that is increased in production in the setting of an upper respiratory
tract infection. This obstruction may arise from the sinonasal inflammatory response
that normally occurs in an upper respiratory tract infection but may be more likely
if there is increased sinonasal mucosal edema at baseline due to AR.

Interestingly, the number of aeroallergen hypersensitivities has not been found to
be significantly associated with rhinosinusitis. In patients with AR, an increased
number of aeroallergen hypersensitivities were not associated with the development
of CRS [55, 56]. These results in total suggest that the role of allergy in the develop-
ment of rhinosinusitis is complex and not determined solely by how atopic a patient
may be.

Treatment and Controversies

The mainstay of treatment for both CRS and AR is medical management. Level 1
evidence supports the use of intranasal saline irrigations and intranasal corticoste-
roids for treatment of both CRS and AR [57-60]. However, to date there is insuffi-
cient evidence to support the use of treating allergies with antihistamines,
antileukotrienes, or immunotherapy, for the management of CRS [1, 61]. As such,
these treatment modalities can be considered as options for the treatment of CRS
but may or may not be beneficial [1].

Given the increasing knowledge of the heterogeneous nature of CRS, it is not
surprising that allergy-specific treatments are not universally effective for
CRS. For example, only approximately half of CRS patients have polyps (as a
reflection of a Th2 inflammatory skew), and only approximately half of all CRS
patients may have an aeroallergen hypersensitivity [11, 30]. Moreover, aeroaller-
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gen hypersensitivity—the presence of positive allergy testing—does not necessar-
ily translate to allergy, which implies a functional significance for the
hypersensitivity. This functional significance for hypersensitivity is detected as
the presence of nasal symptoms by the patient with AR. However, in the setting of
CRS, which is defined by chronic nasal symptoms, it is unclear whether those
nasal symptoms arise due to hypersensitivity or some other inflammatory process
in the sinonasal mucosa. Making matters more confusing is the possibility that
breakdown of the sinonasal epithelium in the setting of CRS may predispose CRS
patients to development of hypersensitivity—hence the higher prevalence com-
pared to the general population—but not necessarily with downstream clinical
significance [62, 63]. Although some subsets of CRS patients have been identi-
fied, such as those with allergic fungal rhinosinusitis or CCAD, for whom allergy
may play an important role in their sinonasal disease and therefore serve as a
therapeutic target, at present it is still not possible to identify all CRS patients
whose disease is at least partly driven by allergy and would therefore benefit from
allergy-specific treatments.

Conclusions

AR and CRS are diseases that are linked through epidemiologic association, com-
mon clinical presentation, and common pathophysiologic mechanisms. AR may
contribute to the development and persistence of CRS. However, because CRS is a
pathophysiologically heterogeneous disease, the manner in which AR may contrib-
ute to the CRS disease process from patient-to-patient still cannot be fully appreci-
ated. Development of means for identifying patients for whom allergy plays a
dominant role in their CRS disease process is still needed for accurately determin-
ing which CRS patients will most benefit from allergy-specific treatments.
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Rhinosinusitis and Asthma in Children
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Introduction

The upper and lower respiratory tracts may be considered as a single morphological
and functional unit. Physiologically, the role of the upper airway includes the pro-
tection of the lower airway by conditioning the inhaled air through filtration, humid-
ification, and warming. There is growing evidence that inflammatory diseases of the
airway, such as allergic rhinitis, chronic rhinosinusitis (CRS), and bronchial asthma,
are manifestations of the same or similar pathological processes but in different
parts of the respiratory tract. These diseases frequently have the same triggers: aero-
allergens, aspirin, other nonsteroidal anti-inflammatory drugs (NSAIDs), irritants,
and viral and bacterial infections. The concept of a “unified airway” has been pro-
posed as an integrated term to cover the relationship between the upper and lower
airways as well as their mutual effects on each other.

Inflammatory airways diseases, including allergic rhinitis, rhinosinusitis, and
asthma, are major diseases of public health importance in children, especially in
developed countries. The prevalence of asthma in children under the age of 18 in the
United States increased from 8.7% in 2001 to 9.7% in 2009 and then decreased to
8.3% in 2013 [1, 2]. According to the Pediatric Allergies in America survey in 2009,
13% of children in the United States had a health-care provider-confirmed diagnosis
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of allergic rhinitis, with 61% of them having been diagnosed before the age of 6
years [3]. Acute and chronic rhinosinusitis in the pediatric population account for 7
million, 1.6 million, and 5.6 million ambulatory visits per annum, respectively, as
reported in the National Ambulatory Medical Care Surveys [4].

Pediatric Rhinosinusitis

Rhinosinusitis refers to inflammation of the nasal and sinus mucosa, which are con-
tiguous with each other. Symptoms of rhinitis, which include rhinorrhea, nasal
obstruction, nasal discharge, and sneezing, are also present in rhinosinusitis.
Rhinosinusitis can be divided into acute and chronic depending on the duration of
the disease. Acute rhinosinusitis usually lasts less than 4 weeks and is usually an
infectious process, caused by a viral or bacterial infection. According to American
Academy of Pediatrics (AAP) and the Infectious Diseases Society of America [5,
6], acute bacterial rhinosinusitis (ABRS) should be suspected in a child with any of
the following three presentations:

(i) Persistent symptoms or signs compatible with acute rhinosinusitis, including
nasal discharge of any quality or daytime cough or both, lasting for >10 days
without any evidence of clinical improvement

(i) Onset with severe symptoms or signs of high fever (>39 °C [102 °F]) and
purulent nasal discharge or facial pain lasting for at least 3 consecutive days at
the beginning of the illness

(iii) “Double worsening”—symptoms or signs including fever, daytime cough,
headache, or increase in nasal discharge following a typical viral upper respira-
tory infection (URI), lasting 5-6 days, and which were initially improving but
then acutely worsened

Common risk factors for ABRS include viral upper respiratory tract infection
and allergic rhinitis. Commonly involved pathogens in ABRS include Streptococcus
pneumoniae, Haemophilus influenzae, and Moraxella catarrhalis.

According to a consensus statement from an expert panel of otorhinolaryngolo-
gists, pediatric chronic rhinosinusitis (CRS) is defined as at least 90 continuous days
of symptoms of purulent rhinorrhea, nasal obstruction, facial pressure/pain, or
cough with corresponding endoscopic and/or radiographic findings in a patient who
is 18 years or younger [7]. In younger children, adenoid disease is an important
predisposing factor, irrespective of adenoid size. In children, symptoms are mostly
limited to symptoms suggestive of allergic rhinitis, such as nasal congestive symp-
toms, and a high degree of suspicion is required to make a diagnosis of CRS [8].
Initial presenting symptoms include cough and nasal discharge. Headache and sinus
tenderness are less common symptoms. The etiology of CRS in children is poorly
understood, and several factors may play a role in it including allergy, microbes, and
genetic susceptibility. Cystic fibrosis, primary ciliary dyskinesia, and immunodefi-
ciency are systemic conditions associated with CRS and must be ruled out in a child
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who has CRS. The presence of nasal polyps in children with CRS, in particular,
should raise suspicion for evaluation of cystic fibrosis with sweat chloride and/or
genetic testing. Gastroesophageal reflux disease may also be associated with the
worsening of CRS [9].

CRS is diagnosed based on clinical, endoscopic, and radiographic findings.
Nasal endoscopy is recommended as the first line of diagnostic investigation for
pediatric CRS [7]. Though children are less tolerant to an endoscopic examination
of the nasal cavity and sinuses, it should be attempted as it allows direct visualiza-
tion of the sinonasal mucosa for signs of inflammation, polyps, and assessment for
adenoid hypertrophy or adenoiditis without the radiation exposure associated with
imaging modalities. If radiographic imaging is pursued, computed tomography
(CT) of the nose and paranasal sinuses is the imaging modality of choice to look for
mucosal thickening and fluid collection in the sinuses. One previous study has sug-
gested that head CT scans in childhood may be associated with a slightly increased
but low absolute risk of malignancy due to radiation exposure [10]. However, this
study was based on historic CT scan protocols that exposed children to as much as
20 times the radiation doses as are used in today’s sinus CT scans [11]. Formal
allergy testing should be also considered in children with CRS particularly in those
with a history of allergic triggers.

CRS in children is commonly associated with adenoid hypertrophy [12]. The
adenoid may be an important site for harboring bacteria implicated in the pathogen-
esis of pediatric CRS as nasopharyngeal and sinus cultures from children with CRS
frequently grow the same pathogens. However, the role of adenoid size (“hypertro-
phy”) in isolation as a causative factor of pediatric CRS is controversial. While the
presence of adenoid inflammation may be a strongly associated factor for CRS in
younger children, this association is present irrespective of the size of adenoid.

Epidemiological Associations

The epidemiological and pathological associations between the inflammatory con-
ditions of the airway—allergic rhinitis, rhinosinusitis, and asthma—have been
reported time and again in the medical literature. The “Atopic March,” also referred
to as the allergic march, refers to the development of allergic rhinitis and asthma,
preceded by the development of atopic dermatitis and food allergy that occurs very
early in childhood. Allergic rhinitis is very common in children with asthma and
vice versa [13]. In a large study of 10,954 US children aged 3-17 years, 1202
(10.4%) children were found to have asthma, and these children were more likely to
have hay fever/respiratory allergies with a prevalence difference (PD) of 30.5%,
eczema or skin allergies (PD = 14.1%), sinusitis (PD = 11.3%), food or digestive
allergies (PD = 10.4%), and difficulty with emotions, concentration, behavior, or
getting along with others (PD = 7.9%) [14]. Bronchial hyperreactivity (BHR) is
seen in about 80% of children with allergic rhinitis, even in the absence of a history
of wheezing, and it may be an important risk factor for future development of



98 A.S.Najaetal.

asthma [15-17]. The strong association of asthma and allergic rhinitis is particularly
pertinent in this discussion since allergic rhinitis is highly prevalent and a risk factor
for recurrent episodes of acute rhinosinusitis and is very closely associated within
chronic rhinosinusitis [18-21].

Acute Rhinosinusitis

Acute flares in nasal and sinus disease have been reported to affect pulmonary status
in asthmatics [22]. In fact, recurrent acute rhinosinusitis is one risk factor for acute
asthma exacerbations [23]. Much of the work related to acute sinus exacerbations
and asthma, however, has been performed in patients with CRS. In adult CRS
patients, the frequency of acute exacerbations of CRS has been shown to be associ-
ated with both decreased asthma control and greater patient-reported productivity
losses in asthmatics [24, 25].

Chronic Rhinosinusitis

Chronic rhinosinusitis has a close epidemiological and pathophysiological associa-
tion with bronchial asthma. Even in the absence of nasal allergy, CRS may be asso-
ciated with increased risk of late-onset bronchial asthma [26]. Much of the
established associations between asthma and CRS have been established in adults.
Comorbid CRS and asthma have been shown in multiple ways to be associated with
worse outcomes with respect to each other. CRS is associated with more frequent
asthma exacerbations [27]. Asthmatics with CRS also have more emergency room
visits and total health-care visits than asthmatics without CRS [28]. Approximately
85-90% of patients with asthma have abnormal findings on CT scans of the sinuses
[29]. Radiological evidence of CRS, even without any obvious sinonasal symptoms,
in patients with asthma is associated with significantly lower FEV1 and FEV1/FVC
ratio, and these patients were more likely to have a poor quality of life [30]. The
nature of the association between CRS and asthma has been shown to be a relative
one, whereby the status of one disease reflects the status of the other. For example,
the burden of CRS symptoms is associated with worse asthma control, including an
increasing need for systemic corticosteroid usage for asthma [31, 32]. In other
words, worsening CRS status is associated with worsening asthma status. Similarly,
the frequency of acute exacerbations of CRS has been negatively associated with
the level of asthma control in asthmatic CRS patients, irrespective of the baseline
CRS symptom severity [24]. Acute exacerbations of CRS also appear to have a
dominant effect on asthmatic CRS patients, associating with lost productivity
(missed work and/or school), which is in contrast to non-asthmatic CRS patients
[25, 33]. Comorbid asthma is also associated with worse clinical outcomes with
respect to CRS. The severity of asthma is positively associated with greater
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radiological severity of CRS, and asthma is also associated with nasal polyposis
[34]. Asthmatics have also been found to generally have a greater burden of CRS
symptomatology than CRS patients without asthma [35].

Pathogenesis

The entire respiratory tract can behave as one functional unit in response to irritants
or antigenic stimulation. Studies have shown that when an allergen is deposited in
either the nose or bronchi, inflammatory responses are initiated in distant sites of
the respiratory tract. The nasobronchial reflex is one such phenomenon where expo-
sure of nasal mucosa to irritants or cold air leads to bronchoconstriction. Introduction
of an allergen into a segmental bronchus in patients with allergic rhinitis induces
nasal inflammation [36]. These phenomena suggest that inflammatory mediators
produced at one site in the airway may play a role in the pathogenesis of disease at
other sites in the airway. While inflammatory mediators produce airway obstruction
by vasodilation and mucosal edema in the upper respiratory tract, bronchoconstric-
tion is responsible for obstruction in the lower respiratory tract. Blockage of the
ostia through which the sinonasal secretions drain by mucosal edema may contrib-
ute to the development of recurrent acute or chronic inflammation in the paranasal
sinuses.

The nasal mucosa and the bronchial mucosa are lined with a pseudostratified cili-
ated columnar epithelium which has a protective barrier function. Genetic/anatomic
defects of the epithelium can potentially serve as pathogenic factors in chronic
inflammatory diseases of both the upper and lower airways. Patients with asthma
and/or CRS with nasal polyps have been shown to have altered intercellular tight
junctions between epithelial cells [37, 38]. This is likely due to the effects of pro-
inflammatory cytokines such as IFN-gamma and IL-4 or viral infections such as
rhinovirus [39]. Disruption of tight junctions leads to penetration of inhaled aller-
gens or microbial products into the subepithelial space activating pro-inflammatory
responses that may serve to drive persistence of chronic inflammation in the upper
and lower airway mucosa. The inflammatory response in the nasal mucosa is more
severe in children with CRS and concomitant asthma compared with non-asthmatic
children with CRS. In asthmatic children with CRS, sinomucosal expression of
tumor necrosis factor-alpha and adenoid levels of epidermal growth factor, eotaxin,
fibroblast growth factor-2, growth-related oncogene, and platelet-derived growth
factor-AA was significantly higher. Posterior nasal drainage of mucopurulent secre-
tions in sinusitis has also been proposed as a potential exacerbating factor for bron-
chial asthma [40]. These findings collectively have indicated that treatment of
concomitant sinus disease may be an important component of managing childhood
asthma [41].
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Treatment

Given the close clinical and pathophysiologic relationships between sinusitis and
asthma, it has long been suspected, and more recently shown, that successful treat-
ment of sinusitis could positively impact pulmonary outcomes in asthmatic patients.
As acute rhinosinusitis is a largely self-limited disease process, the evidence sup-
porting the treatment of sinusitis as an indirect means of addressing asthma has been
derived through the study of CRS patients. Initial treatment of CRS in children
consists of medical management with intranasal corticosteroid sprays and nasal
saline irrigation as there is level 1 evidence for both of these treatments. Use of
these medications may lead to improvement of asthma status as well. For example,
use of intranasal corticosteroids in patients with allergic rhinitis has been shown to
decrease bronchial hyperresponsiveness and hospital visits related to asthma [42,
43]. Other therapies targeting allergic inflammation, given the high prevalence of
allergy in CRS, include antihistamine nasal sprays and leukotriene antagonists such
as montelukast. Montelukast has been previously reported to potentially have a ben-
eficial effect in CRS with polyps [44]. Leukotriene modifiers may have an addi-
tional benefit of directly treating asthma as well. In allergic patients, immunotherapy
may be considered. Immunotherapy has been shown to have benefit for allergic
asthma [45]. In contrast, the efficacy of immunotherapy for CRS patients with aero-
allergen hypersensitivity is still not established [46]. More than likely, there are
CRS patients whose disease is driven by aeroallergen hypersensitivity, while others
have coincidental hypersensitivity but not true allergy. It remains unclear how to
differentiate these patients. For patients with nasal polyposis, newer nasal sprays
that deliver medicine high up in the nasal cavity may be helpful, though not studied
in children. Vitamin D insufficiency is associated with adverse outcomes and poor
disease control in asthma [47, 48]. Vitamin D3 supplementation, however, should be
cautiously used in patients with vitamin D deficiency, asthma, and sinonasal dis-
ease. It has not been shown to reduce the rate of asthma treatment failures, and in
Black populations, it may be associated with a higher risk of asthma exacerbations
in patients with sinus disease [49, 50].

Antibiotics may also be of benefit in cases where symptoms or signs are indica-
tive of an infectious etiology. The choice of antibiotics should ideally be culture-
directed—derived from endoscopically guided cultures of the middle meatus or the
nasopharynx. If antibiotics are indicated, there is no consensus for the duration.
Because current treatment guidelines recommend 10-14 days of culture-directed
antibiotics for uncomplicated acute rhinosinusitis, antibiotics for CRS are generally
given for a longer duration. However, even for adults, antibiotics for CRS are not
recommended for longer than 3 weeks. Additionally, if GERD is present, antireflux
therapy should be initiated.

In CRS patients who fail appropriate medical management, surgical treatment
options targeting the paranasal sinuses exist. As the adenoid frequently harbors bac-
teria implicated in CRS, adenoidectomy is a reasonable option for children with
CRS refractive to medical therapy, irrespective of the severity of airway obstruction
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[12]. While removing the adenoids, a maxillary sinus wash may also be done con-
comitantly to improve success rates [51]. Functional endoscopic sinus surgery
(FESS) is intended to restore the natural ventilation and drainage pathways of the
paranasal sinuses at the ostiomeatal complex. Although not yet well-studied in chil-
dren, FESS in adult asthmatic CRS patients has been shown to have a secondary
benefit of improving asthma control and asthma-related quality of life [52].
Moreover, FESS has been shown to reduce the frequency of asthma attacks and the
number of hospitalizations and improves symptom control in subjects [53, 54].

Aspirin exacerbated respiratory disease (AERD), also known as Samter’s triad,
is the combination of asthma, chronic rhinosinusitis with nasal polyposis, and sen-
sitivity to aspirin and other NSAIDs clinically characterized by nasal congestion
and bronchoconstriction [55, 56]. This occurs because of an imbalance between
leukotrienes and prostaglandins due to acquired changes in arachidonic acid metab-
olism. Exposure to any COX-1 inhibitor exacerbates the underlying pro-inflammatory
and anti-inflammatory imbalances and leads to these upper airway and lower airway
symptoms within 30-120 minutes. Treatment involves administration of a leukotri-
ene antagonist (montelukast/zafirlukast) and avoidance of all NSAIDs [57].
Omalizumab has been shown to control respiratory symptoms in AERD [58].
Aspirin desensitization can be considered if NSAIDS cannot be withdrawn because
of coexisting inflammatory conditions [59]. Treatment of the underlying aspirin sen-
sitivity through aspirin desensitization will have a benefit in improving both CRS
and comorbid asthma since in AERD, the asthma and CRS are driven by the same
pathophysiologic mechanism.

Finally, there are several novel agents currently being studied for the treatment of
nasal polyposis, CRS, and/or AERD including omalizumab (anti-IgE), mepoli-
zumab (anti-IL-5 agent), dupilumab (anti-IL-4Ra agent), prasugrel (P2Y, antago-
nist), and ifetroban (TP receptor antagonist) [60]. These are shown in Table 8.1.
Anti-IgE agent omalizumab has been shown to have clinical efficacy in improving
the symptomatology, quality of life, and nasal endoscopic findings in patients with
nasal polyps and asthma [61]. Mepolizumab is a humanized monoclonal antibody
that binds to IL-5, preventing it from binding to the IL-5 receptor on eosinophils,
which is an important step for the differentiation of eosinophils. As eosinophils are
the dominant cell type found in eosinophilic asthma and nasal polyps, mepolizumab
was studied in these conditions and was found to have a significant effect on asthma
control and reduction of nasal polyp size, respectively [62, 63]. Subcutaneous dupi-
lumab has shown efficacy in, and is now FDA approved for, the management of
adult patients with CRS and nasal polyposis refractory to intranasal corticosteroids.
Compared with placebo, the use of subcutaneous dupilumab led to significant
improvements in the endoscopic nasal polyp score, the Lund-Mackay CT score, the
22-item SinoNasal Outcome Test score, and the sense of smell assessed by the
University of Pennsylvania Smell Identification test in CRS patients [64]. Further
studies are required in children to explore the utility of subcutaneous dupilumab in
this set of patients. P2Y, receptor antagonist prasugrel has been previously studied
in AERD patients, but was not shown to have a significant effect on attenuations of
aspirin-induced symptoms [65]. However, in a small subset of patients with AERD
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Table 8.1 Newer biologics used in treatment of upper airway disease and asthma

Mechanism

Agent of action Study population Study effect

Omalizumab | Anti-IgE Adult patients having Significant improvement in nasal
monoclonal | nasal polyposis with endoscopic polyp score, CT Lund-
antibody comorbid asthma Mackay score, airway symptoms, and

(n=24) disease-specific quality of life

Mepolizumab | Anti-Ig 5 Adult patients with Significant reduction in nasal polyp
monoclonal | severe nasal polyposis | size
antibody (grade 3 or 4 or

recurrent after surgery)
(n=30)

Dupilumab | Anti-IL-4Ra | Adult patients with Significant improvements in the
monoclonal | chronic rhinosinusitis endoscopic nasal polyp score, the
antibody and nasal polyposis Lund-Mackay CT score, the 22-item

refractory to intranasal | SinoNasal Outcome Test score, and

corticosteroids (n = 60) | the sense of smell assessed by the
University of Pennsylvania Smell
Identification test

Prasugrel P2Y,, AERD patients who No significant effect, but in a small
receptor underwent aspirin subset of patients with AERD (n = 5)
antagonist challenges (n = 40) who had greater baseline platelet

activation and milder upper airway
symptoms during aspirin provocations,
complete attenuation of aspirin-
induced symptoms was noticed

who had greater baseline platelet activation and milder upper airway symptoms dur-
ing aspirin provocations, it completely attenuated the aspirin sensitivity reaction.
More studies are therefore still needed to identify patients with AERD who might
benefit from prasugrel.

Knowledge Gaps

Much of the studies that highlight the relationship between sinusitis and asthma
have been performed in adults. The epidemiological associations and effects of
treatment of rhinosinusitis on asthma control and vice versa need to be studied in
greater depth in the pediatric population to frame evidence-based guidelines suit-
able to this group of patients. Studies using targeted biological agents and immuno-
therapy may have a significant role, although not yet fully characterized, in the
treatment of CRS patients as these agents may be potentially beneficial in reducing
inflammation throughout the respiratory tract.
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Chapter 9
Chronic Rhinosinusitis in Children
with Cystic Fibrosis

Nour AKkil and Austin S. Rose

Introduction

Chronic rhinosinusitis (CRS) encompasses a spectrum of disease characterized by
inflammatory and infectious processes that affect the nasal cavity and paranasal
sinuses [1-3]. CRS in children is considered unique, due to the differences in pre-
disposing factors and anatomy seen between children and adults. One of the most
important underlying disease states to consider in the evaluation and work-up of
CRS in children is cystic fibrosis (CF).

CF is an autosomal recessive genetic disease with 2500 to 3500 new diagnoses
in the United States annually [4]. This multisystem disorder is associated with sig-
nificant morbidity and mortality, often due to its respiratory complications. The
disease is caused by abnormal chloride transport through the CF transmembrane
conductance regulator (CFTR) protein. This disruption in anion transport at the sur-
face of epithelial cells leads to increased sodium and water absorption, dehydration
of mucosal surfaces, and thickening of secretions with increased risk of infection
and neutrophilic inflammation.

CFTR is present in multiple cell types in a variety of organs, including the lungs,
sinonasal mucosa, intestine, and pancreas. The CFTR gene was discovered in 1989
and is present on the long arm of chromosome 7, at position 7q31.2. Today, there are
over 2000 described mutations affecting CFTR quantity and/or function, and
patients with CF demonstrate a wide spectrum of clinical manifestations. This
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phenotypic diversity, however, is not fully explained by genotype. Disease severity
and the organ systems affected are influenced by a number of other factors such as
modifier genes, the environment, and lifestyle [5, 6].

Over time, CF-related sinus disease has gained increased attention due to its clear
negative impact on patients’ morbidity and quality of life (QOL). In the sinuses, as in
other affected organs, impaired mucociliary clearance leads to a retention of secretions,
inflammation of mucosal linings, and secondary bacterial colonization. Along with CRS,
children with CF are at increased risk of nasal polyp formation, which can further obstruct
sinus openings and, when large enough, block the normal flow of air through the nasal
passages [7]. Finally, in addition to the direct effects of sinus disease on patients with CF,
there is increasing evidence that sinonasal secretions are aspirated into the lungs, contrib-
uting to chronic lung infection and inflammation [8]. This is consistent with the unified
airway model, a concept that views the upper and lower airways as a single functional
entity. With a similar pseudostratified, ciliated, columnar epithelium, they are subject to
the same inflammatory and infections processes. Furthermore, disease states of either the
upper or lower airway tracts are likely to impact each other. In CF sinus disease, the pri-
mary concern is for aspiration of chronically infected postnasal drainage, resulting in
secondary pulmonary exacerbations, bronchopneumonia, and decreased lung function.

A comprehensive understanding of CRS is paramount in treating pediatric
patients with CF. In these children, the specific medical and surgical treatments
employed will be different, as will expectations for improvement in their symptoms
and QOL. Recommendations will also vary based on the manifestations of sinona-
sal disease and the degree of severity in each patient. This chapter will focus on the
evaluation and management of CRS in children with CF and present a framework
for surgical decision-making in these challenging patients.

Classification of CRS

Rhinosinusitis can be considered a spectrum of disease characterized by concurrent
inflammatory and infectious processes which affect the nasal passages and the con-
tiguous paranasal sinuses. Diagnosis and management are aided by the classifica-
tion of this diverse condition into categories based primarily on the duration of
symptoms. The definition of CRS has largely been accepted as the persistence of
characteristic signs and symptoms beyond 12 weeks. Such an extended period of
chronic symptoms may also be punctuated by episodes of acute exacerbations.

Pediatric rhinosinusitis, whether acute or chronic, should be considered a unique
condition due to differences in predisposing factors and in the anatomy of the
sinuses between children and adults. In addition, the sinus cavities of children with
CF are often relatively small, further complicating CRS and its treatment in these
patients. Woodworth et al. found that CF patients homozygous for the most com-
mon CFTR mutation (F508del) had a greater incidence of hypoplastic or
underdeveloped sinuses [9]. It remains unclear, however, whether this anatomical
difference is due to the chronically poor aeration of the sinuses during development
that is characteristic of CF or the underlying genetic defect itself.
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Pathophysiology

Along with the nasal passages, the paranasal sinuses serve to filter, warm, and
humidify inspired air. Sinuses grow in size and shape throughout childhood and are
key in reducing the overall weight of the human skull. The frontal sinuses are the
last to fully develop and generally reach adult size by puberty.

Normal function of the sinuses depends on patent ostia, including the important
common pathway of drainage and aeration known as the osteomeatal complex
(OMC, see Fig. 9.1), as well as normal mucous secretion and ciliary function. In CF,
mucociliary flow in the sinuses is disrupted due to thickened secretions. In addition,
physical obstruction of the sinus ostia due to nasal polyps may lead to further reten-
tion of secretions and blockage of air exchange, resulting in hypoxia of the sinus
mucosa and secondary bacterial infection.

Osteomeatal
Complex
(OMC)

Fig. 9.1 Diagram of the osteomeatal complex (OMC)
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Traditionally, normal sinuses, unlike other areas of the upper aerodigestive tract,
have been thought to be sterile and without a normal and possibly protective micro-
bial population. A few recent studies, however, suggest otherwise. Abreu et al.
describe a reduced diversity of sinus microbes in patients with CRS in comparison
to healthy controls. They also used a murine model of CRS to demonstrate the pos-
sible protective effects of one organism in particular — Lactobacillus sakei [10].
While many questions remain, these findings may support a new paradigm in which
the disturbance of normal sinus microbial populations proves an important factor in
the pathogenesis of CRS. Given their frequent though necessary use in children with
CF, antibiotics may play a role, along with the underlying disease, in the disruption
of normal sinus flora.

A host of other innate and environmental factors are also involved in contributing
to the common pathophysiologic pathways in CRS. Local or anatomic factors
include direct sinus obstruction due to anatomic abnormalities such as the presence
of concha bullosa, septal deviation, nasal polyposis, trauma, and foreign bodies.
Conditions contributing to mucosal inflammation and secondary obstruction include
URI, bacterial infection, allergy, and gastroesophageal reflux disease (GERD).
GERD in particular is known to be prevalent in children with CRS [11], and, in a
retrospective study, Bothwell et al. demonstrated a significant decrease in the need
for sinus surgery among children on anti-reflux therapy [12]. In addition to aller-
gens, environmental irritants such as air pollutants or tobacco smoke may at times
play a role in chronic mucosal inflammation.

Bacterial infection has long been considered a key component of CRS, and
the pathogens found in children are generally similar to those in adults. The
common isolates associated with CRS include those found in acute sinus-
itis (Streptococcus pneumoniae, Moraxella catarrhalis, and nontypeable
Haemophilus influenzae), as well as Staphylococcus aureus, Pseudomonas
aeruginosa, and anaerobes. A systematic review of the literature by Mgller
et al. found Staphylococcus aureus most commonly isolated from the nose
and sinuses of CF patients, followed by Pseudomonas aeruginosa, coagulase
negative staphylococci, and Haemophilus influenzae [13]. The possible role of
relatively ubiquitous fungi in the CRS inflammatory response has also been pro-
posed, though remains controversial [14].

Recent evidence has also supported the role of bacterial exotoxins and biofilm
formation in the pathogenesis of CRS. Exotoxins are released by bacteria and may
contribute to a symptomatic immune response. In particular, Wang et al. demon-
strated the presence of staphylococcal exotoxin and its effect on T cells in CRS
patients with nasal polyps [15]. Biofilms form when bacteria aggregate on surfaces
within an external matrix of polysaccharides, nucleic acids, and proteins. In CRS,
biofilm formation may decrease the efficacy of antimicrobials by as much as a hun-
dredfold, allowing bacteria to thrive for prolonged periods of time within the nose
and sinus cavities. In 2005, Sanclement et al. used electron microscopy to demon-
strate the presence of biofilms in sinus biopsies from 80% of patients undergoing
functional endoscopic sinus surgery (FESS) for CRS, while none were seen in
healthy controls [16]. Other studies have reported the presence of biofilms in ade-
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noid tissue from patients with chronic infectious disease of the upper airways
including CRS [17]. Recent research on topical medications in the treatment of CF
has focused on bacterial biofilm-associated chronic sinusitis caused by Pseudomonas
aeruginosa [18]. The literature suggests that both exotoxins and biofilms may be
important factors in the role of bacterial infection in both CRS and CF CRS in
particular.

Genetics

More than 2,000 unique CFTR variants have been identified. Deletion of a phenyl-
alanine at position 508 (F508del) is the most common mutation accounting for
approximately 70% of CF alleles worldwide. A large spectrum of additional known
mutations account for the remainder of CF cases. Thus, most CF genotypes are rare,
and only approximately 20 mutations constitute a frequency >0.1% [I19].
Historically, CFTR mutations were categorized into different classes according to
their molecular defect. There are seven classes that differ in CFTR anion channel
production, processing, function, or stability [20]. These CFTR protein channel
defect classes and associated mutation examples are presented in Table 9.1. CFTR
nonsense or splicing mutations abrogate CFTR production (Class I). Missense
mutations, such as F508del, impair CFTR folding (Class II). Moreover, mutation
Classes III to VI comprise mutations that produce CFTR chloride channels that
reach the cell surface, but are not fully functional. In Class III, CFTR regulation is
altered, reducing the probability the channel is open. In Class IV, CFTR has a
diminished ion conductance. Class V mutations result in reduced amounts of func-
tional CFTR. Class VI mutations decrease the stability of CFTR, resulting in a
shorter residence time of CFTR at the apical membrane. Finally, Class VII muta-
tions result in no production of CFTR mRNA. Even though this classification sys-
tem is considered an oversimplification, it remains the most widely known model.

Table 9.1 CFTR protein channel defect classes and associated mutations [87]

CFTR defect Associated mutation % CF patients with mutation on
classes Description examples at least one allele
1 No protein G542X, W1282X, 22%
R553X
I No traffic F508del, N1303K, 88%
1507del
I Impaired gating G551D, S549N 6%
v Decreased DI1152H, R347P, 6%
conductance R117H
v Less protein 3272-26A—G 5%
VI Less stable ¢.120del123 1-2%
VII No mRNA Dele2,3(21kb), 1-2%
1717-1G—A
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Fig. 9.2 Diagram of a cr cr
normal epithelial cell (N, CI- Cl- CI- Cl-
nucleus; ER, endoplasmic r_ 4 b_ . P
reticulum; GA, Golgi b :
apparatus; CFTR, cystic
fibrosis transmembrane
conductance regulator
protein)

An illustration of a normal epithelial cell is compared with a demonstration of the
different CF defect classes in Figs. 9.2 and 9.3, respectively.

It is important to identify a CF patient’s specific mutation if possible, as genotype
affects disease severity [21] as well as response to treatment with various CFTR
modulator therapies. However, alone it does not accurately predict symptomatology
and progression in CF-related sinus disease. A study published in 2017 showed that
genotype is not related to the severity of CF CRS. In addition, there was no signifi-
cant relationship between genotype and control of symptoms following surgery [22].

Diagnosis

Careful history and physical examination is clearly important in the evaluation of
CF-associated sinus disease. The symptoms of CRS in children are different than in
adult patients and include persistent cough, as well as prolonged anterior and poste-
rior nasal drainage, congestion, low-grade fever, irritability, and behavioral difficul-
ties. Headache, especially in the frontal area, is a less common complaint among
children than in adults. Interestingly, although two-thirds of CF patients describe a
decreased sense of smell, only 10-15% complain specifically of sinonasal symp-
toms [23]. This may be due to the insidious nature of the disease and chronic nature
of CRS in children with CF.
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Vi

Fig. 9.3 Overview of CFTR defect classes. Class I: No protein synthesis due to degradation of
abnormal mRNA. Class II: Defective protein folding leading to its protease destruction. Class III:
Nonfunctional CFTR channels. Class IV: Decreased ion conductance through CFTR. Class V:
Insufficient CFTR quantity. Class VI: Unstable transmembrane CFTR leading to fast turnover.
Class VII: Large deletion leads to production of severely truncated polymerase

Physical examination should include a complete head and neck evaluation.
Anterior thinoscopy should be performed with a nasal speculum or otoscope using
a large ear speculum. Characteristic findings include mucosal erythema and irrita-
tion, thickened nasal mucous, polyps, and frank purulent drainage. Otolaryngologists
will usually include fiber-optic sinonasal endoscopy as part of their examination,
allowing for improved visualization of the middle meatus, a common site of polyps,
or purulent drainage from the maxillary and ethmoid sinuses (Fig. 9.4). Endoscopy
is also useful for visualization of the posterior nasal cavity, nasopharynx, and ade-
noid tissue.

The radiologic evaluation of children with suspected CRS, including those with
underlying CF, is generally reserved for those with disease refractory to medical
management. Plain films, computed tomography (CT), and magnetic resonance
imaging (MRI) have all been used in the evaluation of chronic sinusitis; however,
CT scanning is generally considered the study of choice (Fig. 9.5). CT provides a
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Fig. 9.4 (a) Normal sinonasal endoscopic view of the middle turbinate (MT) and middle meatus
(MM). (b) Endoscopic exam in a child with CF demonstrating nasal polyps

Fig. 9.5 (a) A normal coronal CT scan of the sinuses. (b) A coronal CT scan of the sinuses in a
child with CF and associated CRS, demonstrating mucosal thickening and nasal polyposis

much higher resolution of bone and soft tissue without the interference of overlying
structures in comparison to plain radiography [24].

Recent literature has supported restraint in the use of CT imaging in children due
to concerns of excess radiation exposure [25]. In evaluating CRS, most otolaryn-
gologists advocate CT scans of the sinuses only when making a decision regarding
surgical intervention. These scans can also be used intraoperatively, without addi-
tional radiation exposure, for image guidance to help reduce the risk of complica-
tions during sinus surgery. In a 2012 clinical consensus statement for the American
Academy of Otolaryngology-Head and Neck Surgery Foundation, Setzen et al.
reported a strong consensus (>75% of the panel) for the statement “CT imaging is
indicated in pediatric patients for chronic sinusitis when medical management and/
or adenoidectomy have failed to control symptoms” [26].

When evaluating a child with symptoms of CRS, one should always consider
the possibility of underlying disease, such as CF, as a contributing factor. Other
disorders impacting normal sinonasal function include allergy, primary ciliary
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dyskinesia (PCD), autoimmune vasculitic disease such as eosinophilic granulo-
matosis with polyangiitis (EGPA), and a variety of immune deficiencies.

Further Evaluation

Beyond history taking and physical examination, the further work-up and evalua-
tion of CF patients with suspected chronic sinusitis should include the following:

* Bacterial cultures can evaluate for specific pathogens and help guide antimicro-
bial treatment. Sinus aspirates for culture-directed treatment can be obtained via
sinus trephination or intraoperatively. Cultures from the middle meatus are gen-
erally easier to obtain in most cases and have relatively high predictive value in
the diagnosis of bacterial sinusitis [27].

e Imaging — CT scanning of the sinuses is recommended for children with CF CRS
refractory to medical management, nasal obstruction due to polyps, or decreases
in pulmonary function.

e Pediatric otolaryngology referral is recommended for children with CF and sus-
pected CRS refractory to medical management. A pediatric otolaryngologist
with experience in sinus disease can facilitate further evaluation and treatment,
such as fiber-optic sinonasal endoscopy as well as surgical intervention including
adenoidectomy and, if necessary, FESS.

In 1938, Dr. Dorothy Anderson was the first to describe cystic fibrosis of the
pancreas [28]. It wasn’t until 1953 when the sweat electrolyte defect in CF was
discovered. Six years later, the sweat chloride test was created. In the 1960s, diag-
nosis of cystic fibrosis was made by sweat test and biopsies of the small intestine. In
1989, the CF gene was identified and given the name CFTR [29]. Full CFTR
sequencing started to become available in the 2000s.

Over the years, it became clear that early diagnosis and treatment of CF were
critical for improved nutritional and pulmonary outcomes. Hence, newborn screen-
ing was developed and became the mainstay of diagnosis. In the United States, all
50 states and the District of Columbia screen newborns for CF in the first 2 to 3 days
of life. CF newborn screening is based on the serum level of immunoreactive tryp-
sinogen (IRT). IRT is produced by the pancreas and is normally found in small
amounts in the blood stream. IRT levels are high in patients with CF, prematurity,
stressful delivery, and other conditions. Some states only test IRT levels on the first
blood test, while other states conduct both an IRT and a DNA test.

If IRT is elevated on the newborn screening, then a sweat chloride test is recom-
mended for confirmation. CFTR-related metabolic syndrome (CRMS) was pro-
posed to describe infants with a positive newborn screen but who do not meet
diagnostic criteria for CF. These children have elevated trypsinogen levels and a
sweat chloride value not in the defining range for CF or fewer than two CF disease-
causing mutations in the CFTR gene. The exact clinical implications of a CRMS
diagnosis remain unclear. While these patients do not have cystic fibrosis, they may
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develop similar signs and symptoms, with a milder clinical course than CF patients.
There are thus far no studies addressing prevalence and severity of sinus disease in
patients with CRMS.

Medical Treatment

It should be appreciated that few randomized controlled trials or systematic reviews
of the literature exist with recommendations for the treatment of CRS in children,
especially in those with concurrent CF [30]. Much of what is known, therefore, is
based on findings in adult populations or studies of acute sinusitis. For example, a
recent review of the Cochrane and PubMed databases by Makary and Ramadan
revealed no randomized controlled studies comparing medical treatment with FESS,
or other surgical procedures, for CRS in children [31].

The medical management of CRS has traditionally included combinations of
antihistamines, decongestants, nasal saline irrigation, topical nasal steroids, and
oral antibiotics. In a survey of pediatric otolaryngologists in 2005, Sobol et al.
reported that 95% of respondents used antibiotics in the treatment of CRS, 90%
prescribed topical steroids, and 68% recommended nasal saline sprays or irrigations
for their patients [32]. Antihistamines and decongestants are commonly used in
suspected sinusitis for their role in reducing mucosal edema, as well as to treat any
component of the underlying allergy. Yet, in a recent Cochrane systematic review of
acute sinusitis, no significant evidence was found to support the use of antihista-
mines or decongestants [33].

Nasal saline sprays, or irrigations when tolerated, are also used in the treatment
of CRS and are thought to help primarily in the clearance of sinonasal secretions,
pathogens, and debris. While the Cochrane review could not support any recom-
mendations in regard to nasal saline irrigation either, a number of studies have dem-
onstrated some degree of efficacy in CRS. In a prospective study of 40 children, Wei
et al. demonstrated a significant improvement in both quality of life (QOL) and CT
scan Lund-Mackay scores after 6 weeks of once-daily nasal saline irrigation [34].
Other reviews of the literature also support a clinical benefit from the use of topical
nasal saline [35]. For the most part, nasal saline sprays or irrigations are well toler-
ated in children with minimal side effects. Some have proposed that hypertonic
saline solutions are preferred in children with CF CRS due to their relative ability to
hydrate mucous secretions. Hypertonic saline, however, can cause irritation of
mucosal linings, and recent studies have not supported any significant benefit [36].

Topical nasal steroids suppress mucosal inflammation and are also therefore
widely used in the treatment of CRS in children. Examples include fluticasone pro-
pionate, which is widely available in generic form, and mometasone furoate, which
is indicated for use in nasal congestion due to allergic rhinitis for children age 2 and
older. Evidence is limited but supports the use of both intranasal and systemic cor-
ticosteroids in the treatment of sinusitis, either alone or in combination with antibi-
otic therapy [37, 38]. The use of topical nasal steroids is generally preferred for
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children with CRS due to their low systemic bioavailability. Systemic side effects
are rare, with minor epistaxis the most commonly reported complication [39].
Though controversial, nasal steroids may also have a role in combination with sur-
gery, as part of a postoperative and preventative medical regimen along with nasal
saline. While Dijkstra et al. found no effect on the recurrence of CRS symptoms or
nasal polyps following FESS [40], others have demonstrated a decreased need for
revision surgery in CRS patients treated with topical nasal steroids postoperatively
[41]. In CF, there have been mixed findings in regard to the treatment of nasal pol-
yps with topical nasal steroid sprays. While Weber et al. demonstrated improvement
in 57.14% of patients with CF and nasal polyps treated with topical corticosteroids
[42], a systematic review by Beer et al. found only some effect in reducing the size
of nasal polyps, but concluded there was no clear evidence for using topical steroids
in patients with cystic fibrosis and nasal polyposis [43].

The use of antibiotics in treating acute sinusitis is generally accepted with rec-
ommended courses ranging from 10 to 14 days. In CRS, the available evidence
suggests that a longer duration of treatment (from 3 to 12 weeks) is necessary to
achieve any significant benefit [44]. In the absence of culture data, amoxicillin-
clavulanate remains a good choice for first-line treatment. In CF CRS, however,
antibiotic choices should address common pathogens including Pseudomonas aeru-
ginosa and Staphylococcus aureus. Antibiotic treatment has been shown to decrease
sinonasal bacterial colonization in CF patients, in particular when combined with
surgery [45]. Long-term macrolide treatment (12 weeks) may also be of benefit in
CRS patients with low IgE levels [46] and is commonly used in children with sino-
nasal disease secondary to CF in which inflammation is primarily neutrophilic.

While oral and intravenous (IV) routes are frequently used in the administration
of antibiotics in CF CRS, the potential for topical antibiotic therapy has also gained
recent attention [14]. Nebulized inhalational antibiotic agents are used routinely in
the treatment of CF-related pulmonary disease. The theory is that topical treatment,
via spray, nebulizer, or irrigation, should serve to deliver a high concentration of
antibiotic directly to the sinonasal mucosa while minimizing systemic side effects.
While recent reviews have not supported the use of topical antibiotics for CRS, a
number of studies have reported symptomatic improvement [47, 48]. Uren et al.
treated 16 patients with surgically recalcitrant CRS and endoscopic cultures positive
for Staphylococcus aureus. After 3 weeks of twice daily topical mupirocin, 12
patients were improved symptomatically with 15 demonstrating an improvement in
endoscopic findings and negative cultures [49]. Based on these results, the use of
mupirocin in postoperative nasal saline irrigations, when Staphylococcus aureus is
found on intraoperative sinus cultures, has become more widespread both in CRS
and CF CRS patients. In addition, Mainz et al. demonstrated, in a randomized con-
trolled trial, that topical intranasal tobramycin treatment of Pseudomonas aerugi-
nosa in CF patients resulted in a decrease of bacterial quantity and significantly
improved QOL based on sinonasal outcome test (SNOT-20) survey scores [50].

So far there has been little evidence that topical antibiotics are effective in reduc-
ing biofilm formation though, perhaps surprisingly, regression of biofilms has been
reported in CRS patients following 8 weeks of treatment with oral clarithromycin
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[51]. While topical antibiotic treatment is not currently recommended in most cases
of CRS, initial findings do seem to warrant further study. Questions regarding dos-
age, length of therapy, optimal method of delivery, and the potential for combina-
tion with other treatments remain to be answered. In summary, topical nasal steroids,
nasal saline, and systemic antibiotics when necessary remain the medical treatments
of choice for CRS in children with CF based on the best evidence to date.

Treatment of CF-Related Pulmonary Disease

In addition to treating pathogens of the upper and lower airways with appropriate
antibiotics, a major part of CF therapy is directed toward managing the effects of
defective CFTR proteins on various organs. Airway inflammation and mucous plug-
ging cause significant morbidity and mortality in patients with cystic fibrosis. In the
1950s, iodides, oral streptokinase or streptodornase, and intramuscular or inhaled
pancreatic trypsin were used to thin the mucous secretions of CF patients. In 1993,
dornase alfa (Pulmozyme®) was approved by the US Food and Drug Administration
(FDA) for patients with CF, age 5 and older. Dornase alfa is inhaled recombinant
human deoxyribonuclease (DNase) and was the first truly effective mucus thinner.
Though not used routinely due to cost, the benefits of intranasal dornase alfa in CF
CRS have also been demonstrated. A systematic review by Shah et al. found that
topical intranasal dornase alfa appeared to improve sinonasal symptoms in CF
patients to a greater degree than saline alone [52].

As for airway clearance, chest physical therapy and pressure vibrations remain
widely used. By the 1990s, the benefit of exercise for mucous mobilization and
clearance was also appreciated. In 2009, clinical trials showed that oral azithromy-
cin, used as an anti-inflammatory agent, led to improved lung function and weight
gain in CF patients with chronic Pseudomonas aeruginosa infection. It also
decreased their rate of hospital admissions due to pulmonary exacerbations. High-
dose ibuprofen is another anti-inflammatory medication that is used for patients
with CF under age 18.

CFTR Modulators

CFTR modulators are molecules that bind to the CFTR protein to enhance function
and/or structural stability. Ivacaftor (Kalydeco®) was the first CFTR modulator to
be approved for clinical use. Ivacaftor is a potentiator of CFTR channel activity. In
clinical trials, ivacaftor therapy resulted in lower sweat chloride and improvements
in lung function, QOL, and nutritional indices in patients with CF with the G551D
mutation [53-56]. In 2012, the FDA approved ivacaftor for patients age 12 and
older with the G551D mutation, which represents approximately 4%—5% of the CF
population. From 2013 to 2015, approval was expanded to include patients age 6
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years or older and those with other gating mutations. Even with the expanded indi-
cation, only about 10% of patients with CF in the United States carry mutations
responsive to ivacaftor.

In 2015, the combination drug ivacaftor/lumacaftor (Orkambi®) was approved
for CF patients with two copies of F508del [57]. Lumacaftor corrects defective CFTR
folding. The proposed mechanism of action of the combination is to restore CFTR
trafficking and activity. Consequently, this medication acts to counter fluid secretion
defects in affected organs. Studies have demonstrated improvement in lung function,
nutrition, and QOL. The benefits are modest, however, when compared to those
observed with ivacaftor [57, 58]. In 2018, tezacaftor/ivacaftor (Symdeko®) was
approved for patients older than 12 years and homozygous for the F508del mutation
or with one mutation that responds to tezacaftor/ivacaftor. This combination improves
processing and trafficking of defective CFTR by suppressing folding defects [59].
Clinical trials showed that tezacaftor/ivacaftor improved lung function and QOL and
had less side effects than the ivacaftor/lumacaftor combination [60-62].

While these results are certainly promising, the effect of CFTR modulators on
sinus disease in CF patients is still unclear. There are no published studies compar-
ing sinus disease before and after initiation of CFTR modulator therapy. However,
molecular studies do suggest an increase in ciliary beat frequency and mucociliary
clearance in human sinonasal epithelial cell cultures [63].

Surgical Treatment

When prolonged efforts at medical therapy have failed, pediatric patients with persis-
tent CRS are referred to an otolaryngologist for further evaluation and possible surgical
intervention. In children with CF, pediatric otolaryngology should be consulted early,
as up to 60% of CF patients will ultimately undergo some form of sinus surgery [64].
It should be remembered, however, that perioperative morbidity in CF patients may be
higher due to pulmonary disease and a higher rate of coagulopathy resulting in part
from impaired vitamin K absorption. Clearly, surgery for CRS in CF is not curative,
and deciding whether a child is a good candidate for FESS can be challenging. As no
standard criteria or clinical practice guidelines currently exist, we propose a framework
of three primary indications for surgical intervention based on clinical experience at
our institution and various degrees of support in the literature thus far (Table 9.2).
Though indications and outcomes may differ, the array of surgical procedures
utilized in CF patients is generally similar to that used in children with CRS alone.
Adenoidectomy is the first line of surgical treatment and is often performed even
prior to radiologic imaging with CT. Large adenoids may physically disrupt the
normal mucociliary clearance of the nasal cavity and sinuses, though adenoid tissue
of any size is thought to act as a reservoir for bacteria. Evidence also suggests fre-
quent biofilm formation on adenoid tissue in children with CRS [65]. A 2008 meta-
analysis of adenoidectomy in children with rhinosinusitis found an overall rate of
clinical improvement of approximately 70%, consistent with prior studies [66]. In
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Table 9.2 Proposed framework for surgical decision-making in CF CRS

Indication Findings Intervention Evidence
1. Nasal obstruction due to | Physical exam, fiber-optic Endoscopic nasal Fetta et al.
nasal polyposis sinonasal endoscopy, CT scan | polypectomy [76]
2. CRS symptoms H&P, fiber-optic sinonasal Adenoidectomy Khalid
refractory to medical endoscopy, CT scan FESS etal. [78]
management Liang et al.
[79]
3. Impaired pulmonary PFTs, input from Pediatric Adenoidectomy Khalfoun
function, episodes of Pulmonology team, history of |- Functional et al. [82]
bronchopneumonia pulmonary exacerbations/ endoscopic sinus Rosbe
hospitalizations surgery (FESS) etal. [83]
Shatz et al.
[84]
Osborn
et al. [85]

teenage children, adenoid tissue may tend to recede and become less clinically rel-
evant. For this age group, endoscopic sinus surgery, either with or without treatment
of adenoid tissue, may be considered more frequently as an acceptable initial surgi-
cal procedure [67].

The goal of sinus surgery beyond adenoidectomy is generally to enlarge the natu-
ral ostia or openings of the sinuses, while preserving normal mucosa, in an effort to
reestablish normal aeration and mucociliary function. Surgical intervention may
also include the removal of any obstructive or diseased tissue such as nasal polyps.
A CT scan is often obtained at this point to demonstrate persistent sinus disease
despite maximal medical therapy and for a careful review of sinonasal anatomy
prior to surgery. CT data is also commonly used for intraoperative image guidance
in children undergoing FESS.

In recent years, the refinement of fiber-optic endoscopes has allowed for most
sinus surgery to be performed endoscopically. In children, the most common proce-
dure is “limited” FESS and involves widening of the natural ostium of the maxillary
sinus along with a limited or anterior ethmoidectomy. Some surgeons, however,
recommend complete removal of the anterior and posterior ethmoid cells, resulting
in a larger, better-aerated, and well-mucosalized ethmoid cavity. Others favor
addressing all sinuses affected by disease including the sphenoid sinuses and, when
fully developed, the frontal sinuses. Virgin et al. recommend more aggressive wid-
ening of the maxillary antrostomy or modified endoscopic medial maxillectomy in
CF CRS patients. Their study of 22 patients found significantly reduced symptom
scores at 60 days and up to 1 year postoperatively. While the forced expiratory vol-
ume in 1 second (FEV1) did not change on average, endoscopic scores and number
of hospitalizations due to pulmonary exacerbations were significantly reduced [68].

More recently, balloon dilation of sinus ostia, known as balloon catheter sinu-
plasty (BCS), has been reported as an alternative to conventional FESS. In children,
this is primarily used for treatment of the maxillary sinus and has been described
both alone and in combination with other procedures such as adenoidectomy and
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ethmoidectomy [69]. BSC is still being evaluated for its efficacy in children with
CRS. In CF patients, where larger and more lasting sinus openings are warranted,
its role is likely to remain limited.

While surgery is clearly indicated for complications of acute sinusitis, its role in
CRS is less clear. Sinus surgery in CRS, and CF CRS in particular, is probably best
thought of as an adjuvant treatment to medical therapy, with the aim of improving
sinus function. Parents should be counseled in regard to reasonable expectations for
symptomatic improvement, as children will remain prone to URI, allergy, and other
underlying factors. A reduction in the frequency and severity of symptoms is a rea-
sonable goal, and many children will benefit from continued medical management,
including topical nasal steroids and saline postoperatively. In fact, the enlargement
of sinus ostia achieved by sinus surgery may also serve to improve the delivery and
efficacy of topical treatments such as nasal steroid sprays and saline irrigations [70].

The majority of studies on the effectiveness of FESS for pediatric CRS are retro-
spective, though demonstrate significant clinical improvement for CRS refractory to
medical management and adenoidectomy. In 2009, Siedek et al. reported a 76% rate
of improvement in both CRS symptoms and overall QOL [71]. In a review of 11
studies, Makary and Ramadan found a success rate for pediatric FESS ranging from
82% to 100% [31]. Results also seem to be lasting, with one study demonstrating
the symptomatic benefits of FESS over medical therapy as far out as 10 years [72].

Though quite safe, the potential complications of endoscopic sinus surgery include
bleeding, infection, recurrent disease, cerebrospinal fluid leak, and orbital injury includ-
ing hematoma and loss of vision. Despite concerns among some, however, cephalomet-
ric measurements by Van Peteghem and Clement found no impact of FESS on facial
growth in children with CF [73]. In the Makary and Ramadan review, an overall compli-
cation rate was estimated at 1.4% [31]. In this study, no cases of cerebrospinal fluid leak
or major orbital injury such as hematoma or blindness were reported, supporting the
relative safety of FESS in children. Further reducing the risk of complications, intraop-
erative CT-image guidance has quickly become a routine adjunct to pediatric FESS and
may also facilitate more complete removal of diseased tissue (Fig. 9.6).

Fig. 9.6 Endoscopic sinus
surgery with use of
intraoperative CT-image
guidance
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While not curative, and with up to 50% of children with CF undergoing FESS
requiring further surgery [74], there appears to be an important role for surgical
intervention in many cases. A review of the most recent literature supports a pro-
posed framework of indications for surgery in children with both CF and CRS.

Surgical Decision-Making in CF CRS

At some point in their lifetime, 25-30% of CF patients will develop recurrent nasal
polyposis [42]. Small nasal polyps or polypoid tissue may arise in the middle
meatus, obstructing the natural outflow of the ethmoid, frontal, and maxillary
sinuses at the OMC. In addition, nasal polyps may grow to the point of obstructing
nasal airflow along the floor of the nasal cavity. Interestingly, vitamin D; deficiency
may be associated with an increased prevalence of nasal polyps in children with CF
[75]. While medical treatment including topical or systemic corticosteroids can be
helpful in the management of symptoms associated with nasal polyps, surgical
resection is clearly effective. In most cases, this is achieved endoscopically using
Blakesley forceps or a powered microdebrider. Fetta et al. reported significantly
improved postoperative QOL in CRS with nasal polyps in children both with and
without CF [76]. As might be expected, patients with CF experienced a higher rate
of recurrence, though the burden of additional surgery was outweighed by the ben-
efits of revision FESS in these children. The presence of nasal polyposis obstructing
either sinus ostia or nasal airflow appears to be a strong indication for recommend-
ing surgical intervention such as FESS with endoscopic nasal polypectomy.

Although characteristic findings on physical exam, endoscopy, and CT scan are
present in up to 90% to 100% of children with CF [64], only 10—15% of these chil-
dren complain of CRS symptoms. Approximately 2-3% of pediatric CF patients
undergo surgery each year for sinus disease [77], however, raising an important
question: How should one decide on the need for surgical intervention in children
with CF CRS? While abnormal findings on endoscopy and CT scan are present in
most patients, reported symptoms such as cough, low-grade fever, purulent rhinor-
rhea or postnasal drainage, and facial pain or pressure are clearly late findings.
Complaints of classic CRS symptoms such as these, therefore, should be considered
a sign of advanced disease — when refractory to medical management, surgical
intervention including adenoidectomy and FESS is indicated. In a case-controlled
study of 20 adult patients with CF, postoperative endoscopic findings and QOL
were both significantly improved following FESS for sinus disease [78]. Likewise,
aretrospective review of 24 studies by Liang et al. supported universal improvement
of sinonasal symptoms following sinus surgery in both pediatric and adult CF
patients [79]. It could not be concluded from this review, however, if FESS had any
impact on lower airway disease.

The final aspect to consider in a proposed model for surgical decision-making in
CF CRS is the degree to which sinonasal disease contributes to bronchopneumonia
and impaired pulmonary function. It seems reasonable to assume that chronically
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infected paranasal sinuses and associated postnasal drainage may lead to intermit-
tent aspiration and contamination of the lower airways. A number of studies support
this conclusion. Choi et al., for example, demonstrated a high correlation between
pretransplant sinus cultures and posttransplant bronchoalveolar lavage (BAL) cul-
tures in 141 CF patients undergoing lung transplant [80]. Aanas et al. likewise
found persistent sinonasal pathogens despite negative BAL cultures in CF patients
with intermittent lung colonization, suggesting the need for control of sinonasal
infection in preventing pulmonary disease [81]. Both studies support the concept of
the unified airway theory.

The second part of this vital question regards the effect, if any, of surgical inter-
vention in CF CRS on pulmonary function. The literature thus far demonstrates
mixed findings in this regard. In a retrospective chart review of 181 patients,
Khalfoun et al. report a reversal of declining FEV1 1 year after FESS in CF patients
with moderate to severe lung disease (FEV1 < 80%) [82]. Rosbe et al. looked at 66
patients that underwent a total 112 FESS procedures. While there was no significant
difference postoperatively in pulmonary function testing (PFT) or steroid require-
ments, the results did indicate a reduced need for hospitalization in the 6-month
period following surgery [83]. Shatz et al. found that a relatively aggressive surgical
approach including FESS, a Caldwell-Luc procedure, and medial maxillectomy
resulted in significantly improved QOL, reduced need for IV antibiotics, and fewer
admissions to the hospital [84]. FEV1 was also improved on average at 6 months
postoperatively. Alternatively, Osborn et al. followed 41 children with CF for
12 months after FESS and found no consistent effect on PFT results or significant
impact on lower respiratory tract microbial pathogens. In almost 50% of cases,
positive cultures were identical in both the preoperative and postoperative speci-
mens [85].

While important for nasal polyposis and CRS symptoms, it appears unclear at
this time whether surgical intervention in CF patients is beneficial in terms of
improved pulmonary function. A systematic review by Crockett et al. concluded
there was little high-level evidence regarding surgical interventions in patients with
CRS and CF [86]. Further prospective studies, in greater numbers of patients, will
be needed to better evaluate the effects of surgery including FESS on pulmonary
function in children with CF.

Summary

CRS in children with CF is a challenging condition from the standpoint of manage-
ment and decision-making in treatment. The evidence supports combined therapeu-
tic approaches including both medical and, when necessary, surgical options. As the
pathogenesis becomes clearer through ongoing basic science research, our ability to
treat CRS in children with CF both effectively and safely will continue to improve.
The effect of surgery on lung pathogens and pulmonary function is an important
area for further investigation, as is the possible benefit of topical intranasal
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antimicrobial therapy and CFTR modulators. Future prospective studies will add to
our understanding of CF CRS and help to further shape the model for surgical
decision-making outlined above. Regardless of future developments, careful his-
tory, physical examination, imaging when necessary, and judgment will remain vital
in the diagnosis and management of this disease, as will close communication and
cooperation between pediatricians and their colleagues in pediatric pulmonology
and otolaryngology.
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Chapter 10

Sinusitis and Immunodeficiency
in Children

Randa Barazi and Zeina Korban

Introduction

Chronic rhinosinusitis (CRS) is known to have a significant impact on the quality of
life and incurs a financial burden on the healthcare system [1]. CRS is a heteroge-
neous disorder that is classified into two main subtypes: CRS with nasal polyps
(CRSwNP) and CRS without nasal polyps (CRSsNP). CRSwNP is associated with
more severe disease in adults [2]. However, pediatric CRS is defined as subjective
and objective signs of sinonasal symptoms that last for more than 90 days. Treatment
can be challenging and involves medical and surgical therapy.

Patients with CRS are usually evaluated for underlying conditions such as ciliary
dysfunction, anatomical abnormalities, allergies, and more recently, immunodefi-
ciency [3].

Immunodeficiency is common in patients with CRS and was found in 13% of
patients with recurrent CRS and 23% of patients with difficult-to-treat CRS.
Immune deficiencies should be considered in patients who are refractory to medical
and surgical therapy, despite optimal management [4].

Immunodeficiencies can be primary immunodeficiencies, which are usually
inherited immune disorders, and secondary immune deficiencies that occur as a
consequence of events.

Patients with immunodeficiencies often present with more frequent and severe
infections with unusual organisms, and the immune system should be evaluated in
patients who have frequent exacerbations of CRS [5].

CRS is most commonly associated with humoral immunodeficiency (antibody
deficiency), with a prevalence of 8%-34% of specific antibody deficiency
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(SAD).*CVID (common variable immune deficiencies) and SAD represent the most
commonly encountered humoral deficiencies in patients with CRS.

We know that the prevalence of nasal polyps among pediatric patients is lower
when compared to adults. However, no studies show a difference in the types of
immune deficiencies between adult and pediatric CRS [6].

This chapter will primarily focus on immune deficiencies (primary and second-
ary) in pediatric CRS and will address the various types, methods of screening, and
treatment recommendations.

Diagnosis
Workup

Diagnosing underlying immune deficiencies can be challenging. A detailed family
and medical history should always be the starting point particularly in patients who
present with recurrent bronchopulmonary infections, sinusitis, and gastroenteritis.
Inquiry regarding prior therapy with immunosuppressive medications, chemother-
apy, and history of autoimmune disease should always be incorporated. The pres-
ence of prior positive cultures with encapsulated organisms (Streptococcus
pneumoniae, Haemophilus influenza, and Moraxella catarrhalis) can raise a flag
(Table 10.1) [5]. Frequency of infections and hospitalization records should be eval-
uated as well.

Physical examination is crucial, and the presence of associated lymphadenopa-
thy, skin granulomas, and splenomegaly in addition to sinonasal and lung findings
aids in diagnosing underlying immune deficiencies.

A compass of laboratory tests should be performed including a complete blood
count (CBC) with differential, quantitative immunoglobulin levels (IgG, IgA, and
IgM), IgE levels, and pneumococcal antibody titers pre and post vaccines. Additional
testing may be needed to further evaluate responses to polysaccharide vaccines. IgG
subclasses can also be assessed. Immunoglobulin level 2 standard deviations (SD)
below age-adjusted means are considered low (Table 10.2) [7].

Table 10.1 Evaluation details Age at presentation

Sex

Sinus surgery
Family history

Antibiotic use

Sinopulmonary infections

Recurrent diarrhea

Prior positive cultures

Recurrent ear infections

Recurrent tube otorrhea
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Table 10.2 Immunoglobulin levels in primary and secondary immunodeficiencies

IeG IgA IeM
SAD® Normal Normal Normal
SIGAD Normal Absent Normal
CVID Low Low Normal or low
Secondary immunodeficiency Low Normal Normal

“Low vaccine response

Additional clues to raise the suspicion of an immunodeficiency include i) hyper-
gammaglobulinemia (elevated gamma globulin) and HIV infection, particularly lev-
els >30 g/L; (ii) very low IgE levels, which can prompt the diagnosis of an antibody
deficiency; and (iii) idiopathic thrombocytopenic purpura (ITP), which can be asso-
ciated with primary or secondary immune deficiencies [8].

Primary Immunodeficiency Diseases

Primary immunodeficiency diseases (PID) comprise more than 300 disorders [9].
PID are inherited disorders that are grossly divided into immunodeficiency involv-
ing B cells (humoral immunity), T cells (cellular immunity), phagocytes (innate
immunity), the complement system (innate immunity), or some combination of fac-
tors [10]. We will mainly discuss the antibody deficiencies that are most commonly
associated with chronic rhinosinusitis.

Common Variable Immunodeficiency (CVID)

CVID is characterized by hypogammaglobulinemia and recurrent bacterial infec-
tions in patients older than 2 years of age. It includes a group of heterogeneous
disorders. In 2015, the International Consensus Document on CVID published the
diagnostic criteria for this condition [11]:

(1) The patient must have at least one characteristic clinical manifestation of
CVID (infection, autoimmunity, or lymphoproliferation), (2) low IgG (at least
two measurements more than 3 weeks apart), (3) low IgA or low IgM, (4) for
those patients whose IgG is more than 100 mg/dL, demonstrate an inadequate
response to at least one T-dependent or T-independent antigen, (5) exclude other
causes of hypogammaglobulinemia, and (6) genetic studies for monogenic forms
of CVID.

The pathophysiology for CVID is loss of B-cell function. The dysfunction can be
at a different level of the B-cell cycle: (1) B-cell production, (2) B-cell maturation
or survival, (3) B-cell activation and proliferation, (4) at the germinal center, and (5)
post-germinal center [10].
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CVID has a broad clinical presentation and symptoms of antibody deficiency
that might not present until the second, third, or fourth decade of life.

Sinopulmonary infections are common in patients with CVID, predominantly
with Streptococcus and Haemophilus species. Multiple studies show that the preva-
lence of CRS in CVID is high reaching 82%. These patients tend to present with
high Lund-Mackay scores, and a CT scan of the sinuses is urged once CVID is
suspected. The maxillary sinus is primarily affected, and this is seen in 33% of
patients [12].

CVID entails high morbidity and mortality with respiratory failure, infection,
and malignancy as contributors. The introduction of immunoglobulin replace-
ment therapy has reduced the incidence of infections and improved quality of
life [13].

SAD

SAD is a primary immunodeficiency associated with a qualitative defect in antibody
function. Patients are unable to make specific antibodies in response to polysaccha-
ride antigens.

Patients with SAD should have the following diagnostic criteria: (1) older than
2 year (2) recurrent respiratory tract infections, (3) normal immunoglobulin and IgG
subclass levels, and (4) impaired response to pneumococcal capsular polysaccha-
ride (23 valent unconjugated pneumococcal vaccine). A protective antibody level
(=1.3 pg/mL) in 7 or more of 14 pneumococcal serotypes is considered an appropri-
ate response. In addition, patients with SAD have lower levels of IgA [10].

Based on the degree of nonresponsiveness to a polysaccharide vaccine thus anti-
body concentrations, SAD is stratified into four different phenotypes (i.e., mild,
moderate, severe, and memory) depending on the age of the patient [10].

e Mild: a concentration of >1.3 pg/mL for >50% of the serotypes if <6 years old,
and >1.3 pg/mL for >70% of the serotypes if >6 years old

* Moderate: a concentration of >1.3 pg/mL for <50% of the serotypes if <6 years
old, and > 1.3 pg/mL for <70% of the serotypes if >6 years old

e Severe: a concentration of >1.3 pg/mL for two or less serotypes across all age
groups

* Memory: loss of immunologic memory within 6 months [14]

Patients with the mild phenotype have higher IgG levels than those with more
severe phenotypes. As regards IgA and IgM levels, no difference is seen between
the different phenotypes. Asthma is more common in patients with moderate
SAD. However, no difference is seen between the different SAD classes as regards
allergic rhinitis, nasal polyps, and sinus surgery.

The severity of SAD is not directly associated with the severity of sinus disease.
Patients with severe SAD have lower Lund-Mackay scores.
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Patients with SAD and CRS tend to have more frequent infections and require
more antibiotic courses than patients who have an adequate response especially
when severe or moderate SAD is present [15].

Sinopulmonary infections are common, and the frequency is lower in patients
with mild SAD. However, CRS patients with mild SAD and CRS patients without
SAD were comparable with regard to antibiotic courses. Therefore, it is important
to classify SAD into its phenotypes since this will affect management, has direct
clinical relevance, and will help avoid treating patients with mild SAD with unnec-
essary medications, antibiotics, and lifelong immunoglobulin replacement [16]. In
addition, it will warn physicians to frequently monitor severe SAD patients, since
they will require more aggressive treatment protocols.

Selective IgA Deficiency

Immunoglobulin A (IgA) is the first line of defense in the upper airway mucosa [5].
Selective IgA deficiency (SIGAD) is defined as a serum IgA level of less than 7 mg/
dL with normal serum IgG, IgM levels, and no other major immune defects in
patients older than 4 years [10]. SIGAD is the most common primary immunodefi-
ciency, and many patients are asymptomatic and don't present with recurrent sino-
pulmonary infections. The pathogenesis of SIGAD lies in a defective IgA transport
system [10].

The role of IgA in CRS has been studied, and SIGAD is reported in CRS patients.
In patients with CRSwNP, decreased levels of IgA to Staphylococcus aureus entero-
toxin B have been reported [16].

CD8+ T Lymphocyte Deficiency

This entity should be considered when dealing with difficult-to-treat CRS patients.
The pathogenesis lies in a defective gene (CD8A or tapasin-binding protein
(TAPBP)) that leads to altered major histocompatibility complex class I (MHC1)
function of circulating CD8 + T lymphocytes contributing to the development of
refractory/severe CRS [10]. These patients usually present at a younger age, need-
ing surgery early in their disease, and have a greater number of surgeries [10].

IgG Subclass Deficiency

The diagnosis of IgG subclass deficiency is considered in patients with recurrent
infections, one or more IgG subclass levels less than 2 SD below the age-adjusted
mean with normal total IgG level, and normal total concentrations of IgM and IgA
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[10]. Many patients can be asymptomatic, making the IgG subclass deficiency a
laboratory finding and not a disease. The most common subclass deficiencies pre-
senting with recurrent infections are IgG4 deficiency, followed by IgG2 deficiency,
then IgG3 deficiency, and finally IgG1 deficiency [17]. This is controversial since
some studies show that IgG2 is mostly prevalent in the pediatric population and
IgG3 in the adult population.

A combination of one IgG subclass deficiency with another IgG subclass or an
IgA deficiency is also common [17]. Recurrent upper respiratory infections are
common in patients with IgG3 deficiency since IgG3 is responsible for the immune
response against Moraxella catarrhalis and Streptococcus pyogenes [18]. 1gG sub-
class deficiencies are noted in patients with asthma, CRSwNP, allergic rhinitis, and
recurrent upper and lower airway infections especially with underlying allergies or
autoimmune diseases [19, 20].

Secondary Immunodeficiencies

Secondary immunodeficiencies are immunodeficiencies that occur as a consequence
of other diseases or medications. They can be the result of malignancies (non-
Hodgkin lymphoma, CLL, etc.), medications (antimalarial agents, rituximab, corti-
costeroid, chemotherapy, anticonvulsant, etc.), and infections (HIV, EBYV, etc.) [10].
The prevalence of secondary immunodeficiencies is rising due to the increased use
of immunosuppressive/chemotherapeutic agents [10]. Patients tend to be older than
patients with primary immunodeficiencies. Secondary immunodeficiency patients
usually have antibody deficiencies, and most of them have hypogammaglobulinemia
(low IgG and normal IgM and IgA) with a smaller proportion having a specific or
subclass defect [10].

The molecular mechanisms of secondary antibody deficiencies are still unknown
and most likely depend on the cause of deficiency.

Treatment

Treatment for patients with CRS and underlying immunodeficiencies entails
medical and surgical therapy. Medical management always precedes invasive pro-
cedures when dealing with the pediatric population. Treatment of CRS varies,
and maximal medical therapy usually includes oral antibiotics, topical antibiotics,
oral steroids, nasal steroids, and saline irrigations. In patients with antibody defi-
ciencies, early treatment is advised with reports that prophylactic antibiotics can
aid in reducing exacerbations. Culture-based treatment is recommended to avoid
resistance [21].
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Immunoglobulin Replacement Therapy

According to the clinical practice guidelines published by the American Academy
of Otolaryngology — Head and Neck Surgery, the role of intravenous immunoglobu-
lin replacement therapy on CRS in adult patients with humoral immunodeficiency
is still an area of research [22].

In the pediatric population, immunoglobulin replacement is indicated in patients
with chronic infections and immunodeficiency, failing other therapies like prophy-
lactic antibiotics and vaccination [10, 23].

It can be administered to patients with both primary and secondary immunodefi-
ciencies except for IgA deficiency as the commercial preparations of IVIG are low
in IgA [23].

Many studies have shown that IVIG (intravenous immunoglobulins) in primary
immunodeficiency (SAD, CVID) results in significant reduction in the frequency of
antibiotic administration for pneumonia, bronchitis, and sinusitis in children [22].

A study by Walsh et al. looked at IVIG in patients with primary versus secondary
immunodeficiency and showed that it reduces serious and non-serious infections in
both primary and secondary immunodeficiency groups [24]. On the other hand,
Quinti et al. showed that IVIG does not decrease the prevalence of CRS in patients
with CVID [22]. The latter has also been supported by Keswani et al. [15]. In the
pediatric population, high-dose (500-600 mg/kg) IVIG has revealed superior out-
comes than lower doses (150 mg/kg) [22].

Immunoglobulin can be administered intravenously or subcutaneously, and the
treatment dose frequency is individualized according to severity and frequency of
infections [22, 23]. Immunoglobulin levels are usually followed to determine the
length of IVIG treatment [10]. Nonetheless, we need to keep in mind that despite
IVIG treatment, complications may persist [22].

Surgery

Endoscopic sinus surgery (ESS) is reserved when maximal medical therapy fails and
is discussed elsewhere in the text. The goal is to achieve wide antrostomies and cavi-
ties to allow for delivery of medications, reduce the inflammatory load, and restore
function. Patients with immunodeficiencies benefit similarly post ESS when com-
pared to immunocompetent patients with respect to symptom scores and quality of
life. The role of adenoidectomy should also be considered in the pediatric population,
and this also is discussed separately in the text. A lower threshold for surgery is advis-
able to avoid life-threatening infections and consequent complications [7, 8, 25].

There are still no standardized treatment guidelines for these patients, and further
research is warranted. Close follow-up is key, and patients may require multiple
surgeries to achieve a positive outcome.
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Conclusion

Patients with refractory CRS should always be evaluated for underlying immunode-
ficiencies (primary or secondary). This includes a comprehensive family and per-
sonal history, serum immunoglobulin levels, and functional antibody responses.
SAD and CVID remain the most commonly encountered humoral deficiencies.
Underlying immune defects are varied, and more studies are now focused to under-
stand their pathophysiology and role in CRS. Medical therapy and endoscopic sinus
surgery are crucial early in the disease process to minimize long-term comorbidities
that may ensue as well as frequent infections and hospitalizations. New targeted
therapies are in progress that may improve clinical outcomes.
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Chapter 11
Pediatric Rhinosinusitis
and Gastroesophageal Reflux

Lauren Sowa and Fuad M. Baroody

Introduction

A relationship between pediatric chronic rhinosinusitis and gastroesophageal reflux
has been speculated, though a true cause-and-effect relationship has yet to be solidi-
fied. The goal of this chapter is to present a review of the literature and show some
of the conclusions drawn by more recent studies.

GERD

In a recent 2018 update of Clinical Practice Guidelines, the North American and
European Societies for Pediatric Gastroenterology, Hepatology, and Nutrition
define gastroesophageal reflux (GER) as “the passage of gastric contents into the
esophagus with or without regurgitation” [1]. It becomes broadened to gastroesoph-
ageal reflux disease (GERD) when this process causes symptoms or complications
that impact a child’s daily life in a pathologic manner, specifically noting esophagi-
tis or strictures. Studies quote estimates that between 10% and 60% of infants suffer
from GER at age 6 months, which later declines to less than 5-10% by age 1 year.
Furthermore, within this group, it is estimated that ~25% are asymptomatic and that
8% have nasopharyngeal reflux [2, 3]. In most cases, GER resolves spontaneously
by age 2; if this is not the case, then it is generally considered pathologic and is
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labeled as GERD [4]. This decline is thought to be related to maturity of the lower
esophageal sphincter over time, as well as to the transition from a predominantly
liquid to a more solid diet by 18-24 months of age [2, 3, 5, 6]. In general, by age
1.5-2 years, the prevalence of GER in the pediatric population normalizes to that of
the adult population at around 10-20% [7].

Symptoms of gastroesophageal reflux present differently depending on a child’s
age. In younger infants, common signs include back arching, crying, regurgitation,
and overall irritability. It is important to note that up to 50% of infants younger than
4 months will regurgitate feeds at least once per day, which is considered normal
[1]. In older children, it is more common that they complain of symptoms such as
heartburn or regurgitation. GER has also been associated with several processes that
are commonly seen in pediatric populations, namely, asthma, bronchitis, and failure
to thrive, and hematemesis, though the aforementioned updated guidelines shift
away from attributing respiratory and laryngeal symptoms to GER [4, 8].
Furthermore, it is prominently seen in children with comorbid conditions such as
cystic fibrosis, prematurity, and neurologic impairment. In addition, it has been
found that environmental factors, such as exposure to cigarette smoke or certain
medical interventions commonly used in neonatal units, such as theophylline and
caffeine, can potentially increase a child’s risk of developing GERD [6].

The extraesophageal symptoms of GER/GERD, such as chronic cough, stridor,
recurrent respiratory infections, aspiration, or apneic events, are frequently the rea-
son for referral to a subspecialist for evaluation. The nonspecific nature of these
signs/symptoms further enforces the importance of a complete history and physical
examination by both pediatricians and subspecialists (e.g., gastroenterologists, oto-
laryngologists) prior to pursuing more involved diagnostic testing. Validated ques-
tionnaires have been developed over the last several years to aid physicians in
diagnosing GER/GERD; those used to assess infant populations have been much
less successful in predicting presence of disease or predicted response to therapy as
compared to those used in older children and adolescents [1, 9—12].

Of the multiple existing diagnostic tests, including 24-hour pH-probe monitor-
ing, motility studies/manometry, endoscopy, barium contrast radiography, and gas-
tric/esophageal ultrasound, pH probe monitoring plus or minus intraluminal
impedance monitoring is favored in the diagnosis of GER/GERD, though the results
of these studies tend to not correlate with the severity of symptoms. Rather, they
provide quantitative data related to acid exposure, with an episode being defined as
a drop in intraesophageal pH below 4.0 [1]. The addition of multiple intraluminal
impedance monitoring allows for additional information regarding acidic versus
nonacidic reflux. Neither, however, has been shown to have a highly sensitive or
specific correlation with symptom severity. Endoscopy (EGD) with biopsy is not
considered diagnostic for GERD, since patients with GER/GERD can have symp-
toms but still produce negative mucosal biopsies for esophagitis. It is considered
helpful in diagnosing other causes of esophagitis such as eosinophilic esophagitis
(EoE), Crohn’s, or candidal esophagitis.

In the infant population, non-pharmacologic modalities of treatment are consid-
ered first line. These include post-feeding positioning changes, which involves
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side-lying or (in more severe cases) prone positioning following feeds, thickening
of breastmilk or formula to slow transit, and changing to non-milk formulas to test
for milk protein allergy [6]. In older children, lifestyle modifications are also con-
sidered first line, including dietary changes, weight loss, and smoking/alcohol
cessation.

Pharmacologic therapy is typically reserved for infants and children who have
failed conservative therapy. Medications are classified as histamine antagonists (H2
blockers), proton pump inhibitors, or prokinetic agents. H2 blockers include famoti-
dine, ranitidine, and cimetidine; these are well-tolerated by infants and children of
all ages and have minimal side effects. They are effective at acid suppression, but
have been known to have a dissipating level of effectiveness after 6 weeks of use
[13, 14]. Proton pump inhibitors have been shown to be more effective at acid sup-
pression and expediting healing of erosive disease. They are not widely approved
for use in children younger than 1 year of age, though off-label use has increased
over the last several years [1, 13]. Prokinetic agents include metoclopramide, eryth-
romycin, and cisapride, which aim to combat delayed gastric emptying by improv-
ing esophageal peristalsis. Evidence is lacking regarding the effectiveness of these
agents in treating GERD; they have, however, been shown to cause prolonged QTc
and therefore present potential cardiac risk. Subsequently, cisapride has been
removed from circulation since the late 1990s. Additionally, dopaminergic dysregu-
lation and pyloric stenosis have been associated with prolonged use of metoclo-
pramide and erythromycin, respectively [15, 16]. In the neonatal population,
low-dose erythromycin ethylsuccinate is sometimes used as a prophylactic treat-
ment for feeding intolerance. In a large, retrospective cohort study of 348 neonatal
intensive care units (NICU), over 20,000 neonates who had received metoclo-
pramide, erythromycin, or both were reviewed to compare adverse events associ-
ated with each treatment. Adverse events (AE) included electrolyte abnormalities,
necrotizing enterocolitis (NEC), cardiac arrhythmias, and pyloric stenosis.
Metoclopramide was more commonly used by a large margin and also showed a
higher incidence of AE (with the exception of pyloric stenosis) as compared to
erythromycin, especially in younger and lower birth weight infants [17]. In a small
placebo-controlled study in 2001, authors found that in low birth weight neonates,
low-dose erythromycin administered 30 minutes before feedings led to shorter
times to reach full feeds as compared to placebo [18]. However, a more recent ran-
domized, double-blinded, placebo-controlled study using multichannel intraluminal
impedance (MII) monitoring to diagnose GERD in neonates compared a 7-day
course of erythromycin ethylsuccinate with placebo and found no significant reduc-
tion in the number of reflux events. The use of MII ensures that acidic and nonacidic
reflux could be measured and was able to associate episodes with symptoms [19].
The above studies emphasize that, though they may have potential benefit in small
populations, there is no definitive advantage to using prokinetic agents in the setting
of GERD or feeding intolerance especially considering their less than optimal side-
effect profile.

In infants, convincing evidence of an indication for empiric reflux therapy is
limited. Moreover, it is thought that a 2-week trial of an H2 blocker is warranted,
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though improvement in symptoms cannot be definitively attributed to pharmaco-
logic therapy versus spontaneous resolution with aging and growth [1]. In children
and older adolescents who fail conservative therapy, a trial of PPI for 2—4 weeks is
recommended, with the option to continue for 2-3 months followed by an appropri-
ate wean if improvement is seen [20]. If not, referral to a pediatric gastroenterolo-
gist is warranted.

For infants refractory to all proposed nonpharmacologic and pharmacologic
treatments, surgical treatment for GERD involves Nissen fundoplication to create
increased pressure at the lower esophageal sphincter, thereby preventing both patho-
logic and physiologic reflux [12].

Pathophysiology of Sinusitis and GERD

In a large case control study out of Texas Children’s Hospital, 1980 children with
gastroesophageal reflux disease and 7920 controls were selected via diagnostic
codes. In these patients, ages 2—18 years, the number of cases with a concurrent
diagnosis of sinusitis was significantly higher in children with GERD (4.19%) com-
pared to the control group (1.35%) [21]. Attempts to confirm this relationship
between the two pathologies have been made using such methods as nasopharyn-
geal pH probe, multichannel impedance monitoring, and measurement of serum
biomarkers [22-28]. From this, several theories exist that attempt to explain the
mechanism by which GERD might contribute to sinusitis.

Pepsin A, a known reliable biomarker for reflux, has been widely used as an
indicator for the presence of gastric reflux in the upper aerodigestive tract [24, 27].
In children, several studies have examined the possible effect of reflux on acute
otitis media by measuring pepsin in middle ear aspirates versus serum [29, 30]. It
has also been utilized in studies of laryngeal epithelium, specifically in in vitro por-
cine models, to show that enzymatically active pepsin is present in the larynx fol-
lowing reflux events [25]. A later study by the same group evaluated human biopsy
tissue from both patients with no clinical signs/symptoms of reflux and those with a
score of 8 or higher on the Reflux Symptom Index questionnaire. Laboratory analy-
sis showed that pepsin in both acidic and nonacidic refluxate contributed to cell
damage. Furthermore, in tissue samples with known squamous metaplasia, pepsin
was found to increase cell proliferation and potentially contribute to neoplastic
changes [26]. Regarding sinusitis, a recent study from Sichuan University in China
examined adult patients with CRS (both with and without polyps) versus controls
using several molecular techniques to measure levels of pepsin A in nasal and pol-
ypoid tissue. They found that washings from 60% of tissues from patients with CRS
contained appreciable levels of pepsin A as compared to only 11% in controls. This
suggests that those patients with CRS also have evidence of GERD [24].

Another area of research involves the presence of H. pylori in nasal tissue. As
part of a systematic literature review exploring a prognostic relationship between
CRS and GERD, ten case control studies were examined in which the primary
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outcome was presence of H. pylori in sinonasal tissue. CRS was defined using inter-
national consensus criteria in a majority of these studies. In four of these studies,
87.5% of patients with H. pylori also had GERD. Overall, an increased odds ratio of
H. pylori in patients with CRS of 2.88 was observed, with a prevalence of 31.7%
[7]. Only one of these studies, however, included an exclusively pediatric popula-
tion. Furthermore, it was pointed out that H. pylori studies are difficult to interpret
as no true gold-standard test exists. Another small study by Koc and colleagues
noted the presence of H. pylori in polypoid tissue but not in middle turbinate nasal
mucosa during concha bullosa excision surgeries in patients without polyps using
ELISA, suggesting a potential association between the pathology of nasal polyposis
in CRS and a pathogen known to cause GERD [31, 32]. Morinaka et al. performed
a similar study of 19 patients and used PCR to detect H. pylori in nasal and maxil-
lary sinus tissue of patients undergoing surgery for CRS. Of the two in which it was
detected, the bacteria was also found in samples from the gastrointestinal tract, pro-
posing that simultaneous colonization of sinonasal and gastrointestinal tissues with
H. pylori is seen in patients with CRS. However, this study was limited by lack of a
control group [33]. Furthermore, all of the above studies preferentially look at adult
populations, which limits their applicability to the pediatric population and warrants
further investigation.

The most frequently hypothesized mechanism to explain an association between
CRS and GERD has to do with nasopharyngeal reflux and irritation, causing delayed
mucociliary clearance. In CRS, delayed mucociliary clearance is typically caused
by an insult, such as allergens, viral antigens, or pollutants, which thereby causes
mucosal edema and thick secretions [34]. This leads to stasis and subsequent inflam-
mation and infection within the sinuses. Similar theories have been used to establish
relationships between GERD and other upper airway infections, including acute
otitis media [35-37]. In both children and adults, several groups have speculated
that direct extension of refluxed gastric contents into the nasopharynx could lead to
enough inflammation to cause the signs and symptoms of CRS [38]. To further sup-
port this claim, Contencin and colleagues performed a small study involving 31
infants and children to examine nasopharyngeal pH. Thirteen of the patients had
chronic rhinitis or rhinopharyngitis, and 18 served as asymptomatic controls [8].
Using a nasopharyngeal pH probe, he found that the average pH was lower and the
overall number of episodes with pH below 6 higher in the group with nasal symp-
toms as compared to controls. Though limited by low power, this study was one of
the earliest to propose a relationship between GERD and CRS in children, specifi-
cally in relation to direct extension of reflux contents into the nasopharynx [8].

Carr and colleagues followed by performing a retrospective study of children
under 2 and demonstrated the presence of reflux in 42% of children undergoing
adenoidectomy as compared to 7% of those undergoing tympanostomy tube place-
ment alone, suggesting that adenoid hypertrophy and adenitis may have some rela-
tion to irritation from reflux contents and not just biofilm, which has been previously
described [35]. The diagnosis of GERD in this study was inconsistent among par-
ticipants and included a single episode of reflux on scintiscan, decreased emptying
on a barium swallow, 24-hour pH probe study showing pH less than 4 for 6% of the
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time, esophageal biopsies showing inflammatory cells, or signs of reflux laryngitis
on laryngoscopy. This, in conjunction with its small sample size, was a major limi-
tation of this study [39]. This idea is consistent with the most recent Clinical
Consensus Statement on Pediatric Rhinosinusitis, which considers adenoid disease
to be more contributory to CRS in younger children as compared to allergic rhinitis,
which is more significant in older children [40]. A subsequent study of children ages
6 months to 5 years with sinonasal symptoms examined maxillary cultures, esopha-
geal biopsies, and adenoidectomy specimens to establish a pathologic relationship
between CRS and GERD [41]. Younger patients were more likely to have positive
antral cultures or esophageal biopsies independent of one another, while older chil-
dren were more likely to have positive results simultaneously. Aside from this,
authors noted that overall 40% of their patients, who were chosen based on nasal
complaints, ultimately were found to have a diagnosis of GERD even in the absence
of overt reflux symptoms.

A more recent adult study involved the use of the validated Sino-Nasal Outcome
Test (SNOT-20) and saccharin test for mucociliary clearance to demonstrate that
GERD may contribute to decreased mucociliary clearance [42]. Fifty patients with
diagnosed GERD by endoscopic evaluation underwent testing. Results showed that,
of the 74% of patients who had abnormal mucociliary clearance times (MCT),
patients were more likely to have extraesophageal symptoms of GERD (i.e., cough,
hoarseness) as opposed to typical lower digestive tract symptoms of GERD (i.e.,
heartburn, belching, etc.) [42]. These patients with longer MCT also had higher
SNOT-20 scores, though this was not statistically significant. The authors theorized
that perhaps the effect of GERD on the nasal mucosa was not local inflammation
from direct extension as previously speculated, but rather a potentially neurally
mediated reflex via the vagus nerve in response to stimulation in the esophagus.
This theory stems from a previously established reflex described by Schan and col-
leagues, who showed that esophageal acid causes tightening of the bronchopulmo-
nary system and ultimately decreased peak expiratory flow via a vagally mediated
pathway [43]. This was further investigated by Wong and colleagues using stimula-
tion with both HCI and normal saline at the level of the gastroesophageal junction,
which ultimately resulted in increased nasal mucous production and nasal symptom
scores [31, 44]. This suggests that esophageal stimulation with gastric acid may
evoke a neurogenically mediated response causing nasal symptoms and pathology.

Treatment

Several small studies have demonstrated a trend in which treatment with a proton-
pump inhibitor (PPI) improved CRS symptoms in adults [45-47]. However, lim-
ited evidence exists to support reflux therapy in the setting of pediatric chronic
rhinosinusitis. In a prospective study conducted by Phipps et al., 30 pediatric
patients (ages 2—18) with CRS who underwent a 24-hour dual pH probe were
examined. They found that 63% of them had significant esophageal reflux. Within
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this group, 32% also had nasopharyngeal reflux. Nasopharyngeal episodes with
pH less than 4.0 did not always correlate with esophageal pH, but they did corre-
late with symptoms such as cough. Of these children, 79% experienced improve-
ment in rhinosinusitis symptoms after medical treatment of GERD [48]. Bothwell
and colleagues performed a retrospective study that examined the effectiveness of
treatment with reflux therapy in 30 children with CRS. All 30 patients had been
deemed candidates for FESS but had also undergone pH probe testing. Following
a course of treatment for a mean of 8.2 months, improvement in symptoms related
to CRS was measured at 89% which obviated the need for a surgical procedure.
Those who did require surgery were found to have larger agger nasi cells and
obstructive frontal outflow anatomy on CT scan. This study estimated that approx-
imately 50% of patients with GERD have silent disease and show predominantly
extraesophageal symptoms. The downfall of this study, however, is that it lacks a
control group due to its retrospective nature [49]. Both of the above studies can
also be criticized due to the lack of a placebo group which would shed light on
potential improvement of CRS symptoms in children with growth and the passage
of time (natural history of the disease).

Conclusions

Based on the current available literature, there appears to be some correlation
between CRS and GERD in the pediatric population. Whether the cause-and-effect
relationship has to do with direct extension of reflux, neurogenically mediated
secretory reactions, or some combination of various factors is unclear. Recent stud-
ies have suggested that, with appropriate clinical history, pediatric patients treated
with anti-reflux medications have shown improvement in CRS symptoms. However,
these studies have been low in power and lack prospective, blinded design. Because
of this, it is currently not recommended to empirically treat children with CRS with
reflux medication in the absence of overt GERD symptoms. Additionally, further
investigation into the significance of symptoms in different age groups should be
performed given that the nature of both pathologies appears to vary between patients
ages 0-2 and 3-18.
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Chapter 12 )
Pediatric Sinusitis and Adenoiditis

Check for
updates

Angela M. Donaldson

Anatomy and Function of Adenoid

The adenoids are located in the nasopharynx between the fossa of Rosenmuller. The
adenoids along with tonsillar tissue make up the lymphatic tissue of Waldeyer’s
ring. Adenoids are part of the mucosa-associated lymphoid tissue (MALT), which is
populated by T lymphocytes, B lymphocytes, macrophages, and plasma cells. In the
adenoid region, approximately 50-60% of the cells are B lymphocytes. The role of
this lymphatic tissue is to initiate an immune response to particular antigens found
on the mucosal surface [1, 2]. The main function of MALT is to produce and trans-
port IgA across mucosal epithelium. The location of the adenoid tissue, as well as
their adaptive immunity function, has made many scholars consider this tissue to be
areservoir for viruses, bacteria, and allergens [1, 3].

Adenoid Hypertrophy

Normal adenoid vegetation reaches its most prominent size, between the ages of 2
and 7, before it gradually regresses [2, 4]. Abnormal enlargement of adenoid tis-
sue may result from multiple conditions such as physiologic changes, viral or
bacterial infection, and potentially gastroesophageal reflux. Studies have found
that the two most significant risk factors for the presence of adenoid hypertrophy
are allergic rhinitis and cigarette smoke exposure at home [4]. Additionally, aller-
gic diseases including atopic dermatitis and asthma have been associated with
adenoid hypertrophy [5].
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Fig. 12.1 Endoscopic
view of adenoid
hypertrophy extending past
the torus tubarius to the
vomer

Multiple modalities have been used to assess the amount of nasopharyngeal
obstruction. In 1985, Cohen and Konak described a grading system using lateral
neck plain films, measuring the distance between the pharyngeal tubercles and the
maximum convexity of the adenoid tissue [6]. With the increased familiarity of
endoscopic techniques in the pediatric population, several endoscopic grading
scales have been suggested (Fig. 12.1). Parikh used the relationship between the
adenoids and anatomic landmarks, such as the soft palate, torus tubarius, and vomer,
while others used a percentage of choanal obstruction to create adenoid hypertrophy
grading scales [7].

Symptoms of Adenoiditis and Sinusitis

In the pediatric population, viral upper respiratory infections are common, with an
average of 68 per year. However, only 5—13% of these infections become bacte-
rial sinus infections [8, 9]. Both chronic adenoiditis and chronic rhinosinusitis
(CRS), in the pediatric population, can have similar symptoms, making it chal-
lenging to determine the correct diagnosis on history alone. Based on a 2014
consensus statement, pediatric (CRS) diagnostic criteria include 90 or more unin-
terrupted days of sinonasal symptoms, congestion, cough, nasal drainage, and/or
facial pain and pressure [8]. These symptoms have also been described in the
setting of adenoiditis. Multiple studies, however, have shown a correlation
between adenoiditis and otitis media with or without effusion. Therefore, one
potential distinguishing factor in chronic adenoiditis is a history of chronic or
recurrent otitis media [10].
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Adenoid Bacteriology

Pathogenic bacteria have been isolated from the nasopharynx of healthy children, as
transient or normal microbiome flora. One example of this is a study by Lee and
Rosenfeld. While they identified at least one bacterial pathogen in all 84 samples of
adenoid tissue they procured, 63% of the specimens collected did not have a con-
centration of bacteria that met statistical significance for infection [3]. One explana-
tion for this is that mucin covering the nasopharynx mucosa may function as
receptor molecules for Haemophilus influenzae, Moraxella catarrhalis, and
Streptococcus pneumoniae. The mucin, therefore, prevents adhesion to the epithe-
lial surface and penetration into the mucosa leading to a penetrating infection [11].
The most common organisms found in the adenoid area include Neisseria spp.,
Streptococcus  pyogenes, Haemophilus influenzae, Staphylococcus aureus,
Actinomyces, Bacteroides, Peptostreptococcus, and Fusobacterium spp.

Adenoid Bacteriology and Adenoid Hypertrophy

Most studies have found that adenoid hypertrophy does not correlate with adenoid
bacteriology. Several investigators have published results noting significantly higher
bacterial concentrations in adenoid tissue removed for chronic or recurrent adenoid-
itis as compared to adenoid hypertrophy [12]. One study looking at biofilms on the
adenoid mucosa in patients with CRS and OSA reported a mean biofilm coloniza-
tion of 94% in the CRS group, as compared to 1.9% in the OSA group [13].

Theories Behind Adenoid Causes of Chronic Sinusitis

Adenoid Hypertrophy

There have been many theories postulating the adenoids role in the pathogenesis
of chronic rhinosinusitis. Adenoid hypertrophy has been considered a potential
contributing factor to sinusitis. Some believed that tissue obstruction of the naso-
pharynx led to secretion stasis and set up a reservoir for bacteria in the adenoid
tissue. Multiple studies have demonstrated that there is no significant association
between adenoid size and quantity of bacterial load [14]. Fukuda et al. looked at
404 children and measured their adenoid-nasopharyngeal (AN) ratio. They found
no significant difference in AN ratio when comparing the quality and quantity of
nasal secretions and severity of sinusitis on plain film X-ray [15]. Shin followed
this study in 2008, looking at sinusitis grade, adenoid size, and adenoid bacteriol-
ogy. This study also found no statistically significant correlation between sinusitis
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grade and adenoidal-nasopharyngeal ratio. It is important to note that Shin’s group
used Water’s view of plain films to evaluate sinusitis, which has largely fallen out
of favor [12].

Adenoid Bacterial Reservoir

There is a strong consideration that adenoid tissue acts as a bacterial reservoir, slow-
ing mucociliary clearance, which may contribute to sinonasal symptoms [16]. The
theory is that when the nasal mucosa has an altered local host resistance such as upper
respiratory infection (URI), the bacteria may flourish and exacerbate sinonasal symp-
toms. Lee and Rosenfeld found a strong correlation between the severity of sinus
symptoms on a questionnaire and quantitative bacteriology on adenoid tissue speci-
mens [3]. Another study noted that isolated bacteria rates increased with greater sever-
ity of sinusitis on plain film, which supports the theory of adenoid tissue as a reservoir
of bacteria [12]. However, not all evidence supports this theory. One study looked at
maxillary sinus microbiology and adenoid bacteriology. When they compared cul-
tures from maxillary sinus aspirates and the adenoid tissue of the same patient, they
did not find a correlation between the bacterial growths on cultures obtained in the
adenoid compared to the maxillary sinus. In fact, 100% of the adenoid tissue samples
had bacteria growth, but only 47% of the sinus aspirates grew bacteria [14].

Adenoid Biofilms

The classic theory described bacteria as adhering to the mucosa of the nasopharynx,
then travelling to the sinus ostia before growing and causing infection. Coticchia pre-
sented an alternative theory in which a known or common sinus pathogen enters the
nasopharynx, colonizes, and creates a biofilm [13]. Once the biofilm is created, it starts
to shed individual cells of bacteria which then reenter and reinfect the sinus cavity.
Biofilm formation on the adenoid tissue has been identified in multiple studies. This
biofilm model does rely on the assumption that both the nasopharynx and ostiomeatal
complex has some level of inflammation and reduction in mucociliary clearance at the
time of reinfection. Oral antibiotics may be given at that point which typically lead to
a temporary clinical improvement, but the biofilm remains resistant [13].

Diagnostic Testing

The current best practice guidelines published in 2015 recommend an endos-
copy or CT scan for the evaluation of patients presenting with nasal congestion,
nasal drainage, cough, and headache [17]. Flexible nasopharyngoscopy is the
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most common endoscopic instrument used to evaluate this pediatric population.
Some studies suggest nasopharyngeal culture is also helpful in the diagnosis [8,
18]. There is some variability in the timing of obtaining a CT scan, given the
potential risk related to radiation exposure. Some physicians elect to defer order-
ing a CT scan until there is evidence of both medical and adenoidectomy failure.
Most studies use Bhattacharyya et al. distinction on Lund-Mackay score to
assess the severity of the disease. This study found that there is an 86% sensitiv-
ity and 87% specificity of having CRS when the Lund-Mackay score was >/=5.
There was also a strong negative predicative value of having CRS, if the Lund-
Mackay score was less than 2 [19]. Most studies have used >5 or < 5 as the
parameters for diagnosing a patient with CRS versus chronic adenoiditis [19,
20]. Chronic adenoiditis has also been diagnosed by evidence of infection and/
or inflammation of the adenoid tissue on nasal endoscopy without evidence of
discharged from the middle meatus [21]. Additionally, the most recent consen-
sus statement recommended against the use of radiologic imaging, especially
lateral plain films, in the evaluation of adenoids in children with CRS. Based on
the current evidence, radiologic imaging provides limited information on ade-
noid size alone [8].

Treatment of Chronic Adenoiditis and Chronic Rhinosinusitis

Medical Management

Medical management includes nasal saline irrigation, nasal steroids, and antibiotics.
The consensus statement did note that 20 days of oral antibiotics produced superior
results in this population, based on the theory that pediatric CRS is a more advanced
disease in comparison to adults [8].

Surgical Management

Surgical management includes adenoidectomy, endoscopic sinus surgery, and
most recently balloon sinuplasty. These procedures can be performed alone or in
combination. Studies have found that adenoidectomy alone was effective in chil-
dren up to 12 years of age, as the initial procedure after failing medical therapy.
However, children age 6-12 have had less consistent success with adenoidec-
tomy alone [8]. Adenoidectomy in CRS is believed to work by reducing the
number of pathologic organisms in the nasopharynx that may contribute to sinus
infection.

A meta-analysis from Brietzke showed that 50-75% of children had symptomatic
improvement after adenoidectomy alone [22]. In this study, the mean age was 5.8,
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with follow-up of 1-9 months. Other studies have looked at differences in symptom
improvement based on surgical technique. One study found that there was a signifi-
cant improvement with endoscopic sinus surgery (ESS) compared to adenoidectomy
when assessing improvement in nasal discharge and headache. In this study, nasal
congestion and cough had similar results in improvement for both techniques [23].

The literature also describes certain outliers that may not benefit from adenoid-
ectomy. A study by Ramadan et al. found that patients with asthma and chronic
adenoiditis had a lower success rate with adenoidectomy alone, when compared
with children without asthma. They also found that those children with CRS and
asthma did very poorly when treated with adenoidectomy alone [24]. Adenoidectomy
may also not be the treatment of choice for patients with comorbidities such as cys-
tic fibrosis, immunodeficiency, nasal polyps, and ciliary dyskinesia [16, 20].

Complementary Medicine

More recently, the use of Hyaluronic acid nasal saline has been suggested as a pos-
sible complementary therapy to surgical intervention [25]. In 2017, there was a
study published by Pignatro et al., looking at the endoscopic and clinical benefits of
hyaluronic acid in children with chronic adenoiditis. The study found that hyal-
uronic acid topical therapy significantly improved postnasal drip, swollen nasal
mucosa, anterior, nasopharyngeal, and ostiomeatal secretions, and degree of severe
adenoid hypertrophy [26].

Conclusion

The symptoms of chronic adenoiditis and chronic rhinosinusitis in the pediatric
population are very similar. Endoscopic evaluation and CT scan of the sinus are
helpful and recommended to decipher these two disease processes. Nasal endos-
copy showing adenoid inflammation and drainage without inflammation or obstruc-
tion of the ostiomeatal complex is more consistent with chronic adenoiditis. Using
the Lund-Mackay scoring system, patients with true CRS typically have a score >/=
5, while those with chronic adenoiditis have scores <5. Multiple theories have been
used to describe the correlation between adenoid and sinusitis. The literature most
strongly supports the hypothesis that biofilms are associated with adenoiditis and
sinusitis and adenoid hypertrophy is not related to the severity of sinusitis.
Adenoidectomy alone has a greater than 50% improvement in sinonasal symptoms,
and should be considered the first choice intervention. Special consideration is
given to asthmatics, and patients with cystic fibrosis, immunodeficiency, and ciliary
dysmotility disease, as these patients tend to have poorer results with adenoidec-
tomy alone.
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Antibiotics: Intranasal and Systemic
for Treatment of Sinusitis in Children

Check for
updates

Zachariah K. Chandy, Elisabeth H. Ference, and Jivianne T. Lee

Introduction

Bacterial rhinosinusitis is a common condition affecting the pediatric population.
The use of antibiotics for the treatment of pediatric acute and chronic bacterial rhi-
nosinusitis is widespread. However, treatment regimens vary greatly and there is
limited evidence regarding the use of antibiotics for pediatric rhinosinusitis. Many
professional organizations [including the Infectious Disease Society of America
(IDSA), American Academy of Pediatrics (AAP), American Academy of
Otolaryngology-Head and Neck Surgery Foundation (AAO-HNSF)] as well as the
European Position Paper on Rhinosinusitis and Nasal Polyps 2012 (EPOS) have
sought to evaluate the current literature and provide evidence-based guidelines to
aid in the treatment of pediatric acute and chronic rhinosinusitis (CRS). We review
these guidelines, as well as the underlying literature, in this chapter.
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Bacteriology

In 1984, Wald et al. analyzed the bacteriology of acute rhinosinusitis in pediatric
patients from maxillary sinus aspirates under sedation [1]. The most common bac-
teria cultured were Streptococcus pneumoniae, Moraxella catarrhalis, and nontype-
able Haemophilus influenzae. Following the advent and use of the pneumococcal
vaccine, the bacteriology of sinusitis has not been subsequently evaluated due to the
relative invasiveness of maxillary sinus aspirations. Assumptions of the current
trends of bacteriology in acute sinusitis are based on acute otitis media, because
tympanocentesis is more readily performed and is believed to reflect sinonasal bac-
teria. Table 13.1 summarizes the bacteriology of acute and chronic rhinosinusitis
based on recent evidence. In studies of cultures from acute otitis media following
the use of the pneumococcal vaccine, the three most common bacteria remained
Streptococcus pneumoniae, Moraxella catarrhalis, and nontypeable Haemophilus
influenzae [2]. However, the proportion of Streptococcus pneumoniae has decreased,
as would be expected with the use of the vaccine. The proportion of Streptococcus
pneumoniae and Haemophilus influenzae are now equivalent, while Moraxella
catarrhalis is still a distant third. Approximately 20% of Streptococcus pneumoniae
cultured is penicillin non-susceptible, whereas 32% of Haemophilus influenzae and
all Moraxella catarrhalis produce beta-lactamase.

In 2010, Hsin et al. attempted to characterize the bacteriology of pediatric CRS
after the pneumococcal vaccine was administered [3]. Maxillary sinus aspirates of
children with CRS undergoing aspiration and irrigation were analyzed. Alpha-
hemolytic Streptococcus was the most commonly found at 20.8%, followed by
Haemophilus influenzae (19.5%), Streptococcus pneumoniae (14.0%), coagulase-
negative Staphylococcus (13.0%), Staphylococcus aureus (9.3%), and anaerobes
(8.0%). To further evaluate the effect of the pneumococcal vaccine on the bacteriol-
ogy of CRS, McNeil et al. analyzed sinus cultures that grew Streptococcus pneu-
moniae following endoscopic sinus surgery [4]. Ninety-six percent were found to be
non-vaccine serotypes. Seventy-five percent were found to be non-susceptible to
penicillin, while 21% were not susceptible to cefotaxime. Given that the exact rates
of the susceptibility of bacteria differ by location, use of local antibiogram may be
beneficial when deciding antibiotic choice.

In summary, when suspecting acute bacterial rhinosinusitis, the antibiotic chosen
should cover Streptococcus pneumonia, Moraxella catarrhalis, and Haemophilus

Table 13.1 Bacteriology of acute and chronic rhinosinusitis

Acute rhinosinusitis Streptococcus pneumoniae (28-36%)
Haemophilus influenzae (19-34%)
Moraxella catarrhalis (19-30%)

Chronic rhinosinusitis Haemophilus influenzae (19.5%)
Streptococcus pneumoniae (14.0%)
Coagulase-negative Staphylococcus (13.0%)
Staphylococcus aureus (9.3%)

Anaerobes (8.0%)
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influenzae. In CRS, additional coverage should be provided for alpha-hemolytic
Streptococcus, coagulase-negative Staphylococcus, Staphylococcus aureus, and
anaerobes.

Cultures

Obtaining satisfactory cultures in pediatric patients is challenging. Given the rela-
tive invasiveness of obtaining cultures in children, the merits of culture-guided
treatment remain questionable. Per the EPOS and AAO-HNSF guidelines, cultures
are not essential in uncomplicated acute or chronic rhinosinusitis [5, 6]. However,
for patients who have not responded to empiric therapy within 2—-3 days, have severe
illness, an associated complication, or are immunocompromised, culture-directed
treatment is warranted.

Maxillary sinus aspiration is the gold standard culture technique. In the pediatric
population, this often requires general anesthesia which limits its utility. Several stud-
ies have demonstrated a robust association with endoscopically guided middle meatal
cultures, especially when suction aspiration is used rather than culture swabs (Fig. 13.1)
[3, 7, 8]. In contrast, blind nasopharyngeal swabs have demonstrated a poor associa-
tion with maxillary sinus aspirates [9]. If cultures are required, EPOS recommends the
use of endoscopically guided middle meatal cultures in patients who can tolerate rigid
endoscopy in the clinic [5]. For those who cannot tolerate clinic procedures and require
anesthesia, EPOS recommends the use of maxillary sinus aspiration over middle
meatal cultures since sinus irrigations can be performed simultaneously. Balloon cath-
eter devices can be used for dilation and irrigation of the sinuses; however, there are
currently no available culture traps which can be loaded onto the balloon catheters.

Fig. 13.1 Endoscopically
guided middle meatus
culture
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Oral Antibiotics in Acute Rhinosinusitis

The use and timing of antibiotic therapy in acute uncomplicated bacterial rhinosi-
nusitis remains controversial. The current literature is limited by the difficulty of
differentiating patients with viral upper respiratory infection (URI) from those with
bacterial rhinosinusitis. Based on guidelines, a diagnosis of acute bacterial rhinosi-
nusitis can be made and differentiated from viral URI if symptoms last greater than
10 days, if the symptoms are severe at onset (concurrent nasal discharge and fever
greater than 39 Celsius for at least 3 days), or if symptoms worsen after a period of
initial improvement [5, 10]. Given viral URIs may improve without treatment,
including patients with viral rather than bacterial illnesses may skew results to sug-
gest less need for antibiotic therapy.

Wald et al. performed a randomized, double-blinded study with strict inclusion
criteria for acute bacterial rhinosinusitis to further delve into this issue [11].
Inclusion criteria included pediatric patients with persistent symptoms for greater
than 10 days, worsening symptoms, or severe symptoms. This criterion was used to
select for patients with probable acute bacterial sinusitis, while excluding patients
with viral URIs. Patients were treated with amoxicillin/clavulanate versus placebo,
stratified based on the severity of illness, and followed for 14 days. Of those treated
with amoxicillin/clavulanate, 50% reported improvement, while 14% had treatment
failure. Of those treated with placebo, 14% had improvement, while 68% had treat-
ment failure. This study demonstrates the relative benefit of antibiotics in improving
final treatment success. A second randomized controlled trial comparing treatment
with cefitoren, a cephalosporin, or amoxicillin/clavulanate in pediatric patients with
acute rhinosinusitis found no significant difference in improvement rates at 14 days
between antibiotic groups (78.8% for cefitoren and 84.7% with amoxicillin/clavula-
nate) [12]. The rate of adverse events, most commonly diarrhea, was substantial
(18.1% with amoxicillin/clavulanate; 4.5% with cefitoren).

Based on the above studies, different professional organizations have offered
conflicting advice (summarized in Table 13.2). Given the significant difference in
improvement between the antibiotic group and placebo group when strict inclusion
criteria were used, the IDSA guidelines suggest the immediate use of antibiotics
when the diagnosis of acute bacterial rhinosinusitis is made [13]. The goal is to
provide faster recovery and reduce the risk of potential complications. On the con-
trary, the EPOS guidelines suggest that although antibiotics may improve the speed
and rate of improvement, acute bacterial rhinosinusitis may improve irrespective of
treatment [5]. In addition, it cites the non-zero adverse reaction rate as a potential
issue with the widespread use of antibiotic. The EPOS guidelines endorse symp-
tomatic treatment of uncomplicated acute bacterial rhinosinusitis, while reserving
antibiotics for those with preexisting conditions or those who develop complica-
tions of acute rhinosinusitis. The AAP has also made recommendations regarding
oral antibiotic treatment [10]. The guidelines suggest the use of oral antibiotics for
patients with severe symptoms or worsening symptoms to reduce the risk of orbital
and intracranial complications. For those with mild or moderate symptoms, the
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Table 13.2 Oral antibiotic recommendations for acute bacterial rhinosinusitis

Professional
organization Antibiotic choice Duration

IDSA First line: Amoxicillin/clavulanate 10-14 days
Non-type 1 hypersensitivity to penicillin:
Cephalosporin and Clindamycin

Type 1 hypersensitivity to penicillin:
Levofloxacin

EPOS 2012 First line: Amoxicillin, Amoxicillin/ Duration of therapy not
clavulanate, or Cephalosporin specified

If penicillin allergy: Azithromycin,
Clarithromycin, or Trimethoprim/
sulfamethoxasole

Anaerobes: Clindamycin

AAP First line: Amoxicillin Amoxicillin/ 7 days following complete
clavulanate for patients younger than 2 years | clinical improvement with a
old, with severe symptoms, or recent minimum of 10 days duration
antibiotics

Non-type 1 hypersensitivity to penicillin:
Third-generation cephalosporin (Cefdinir or
Cefuroxime)

Type 1 hypersensitivity to penicillin:
Levofloxacin or Cefixime with Clindamycin
or Linezolid

Oral antibiotic recommendations for acute bacterial rhinosinusitis
IDSA Infectious disease society of America, EPOS 2012 European Position Paper on Rhinosinusitis
and Nasal Polyps 2012, AAP American Academy of Pediatrics

guidelines advocate for the use of oral antibiotics or an observational period of 72
hours. The observational period is advocated given patients may improve without
therapy, as the use of antibiotics is not without adverse effects.

Regarding choice of antibiotic therapy, the IDSA guidelines recommend the use
of amoxicillin/clavulanate over amoxicillin, given the high rates of beta-lactamase
producing bacteria [13]. In addition, the guidelines do not recommend the use of
azithromycin, clarithromycin, trimethoprim/sulfamethoxazole, or cephalosporins
given the highrates of resistance seen in Streptococcus pneumoniae and Haemophilus
influenzae. In children with non-type 1 hypersensitivity to penicillin, dual therapy
with a third-generation cephalosporin and clindamycin may be considered. With a
Type 1 hypersensitivity to penicillin, the guidelines suggest the use of levofloxacin.
However, care must be taken with the use of fluoroquinolones in pediatric patients
due to the possibility of arthropathy [14]. Based on current evidence, the guideline
does not endorse empiric methicillin-resistant Staphylococcus aureus coverage.

The EPOS guidelines advise the use of amoxicillin (40 mg/kg/day or 80 mg/kg/
day) initially [5]. Amoxicillin/clavulanate and cephalosporins are alternative first-
line choices, especially if concerned for beta-lactamase producing bacteria. If
patient has noted allergies to these medications, alternatives are azithromycin, clar-
ithromycin, and trimethoprim/sulfamethoxasole. If there is concern for possible
anaerobes, clindamycin is an option.
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Similar to the EPOS guidelines, the AAP recommends amoxicillin 45 mg/kg/day
as first-line therapy in uncomplicated acute rhinosinusitis [11]. In locations with
greater than 10% prevalence of non-susceptible Streptococcus pneumonia, amoxi-
cillin 80-90 mg/kg/day is recommended to increase sinus concentrations to over-
come the resistance attributed to penicillin-binding proteins. Amoxicillin-clavulanate
80-90 mg/kg/day is first-line therapy for patients younger than 2 years old, patients
who have recently used antibiotics, or patients with severe symptoms to cover beta-
lactamase generating bacteria. For patients with non-type 1 penicillin allergies, a
third-generation cephalosporin (cefdinir or cefuroxime) is recommended. For those
patients with Type 1 sensitivity to penicillin, levofloxacin or a combination of cefix-
ime (a third-generation cephalosporin) with clindamycin or linezolid can be used.
Trimethoprim-sulfamethoxazole and azithromycin are not recommended based on
bacterial resistance patterns.

The appropriate duration of treatment for acute rhinosinusitis in children is
unclear because randomized trials are limited. Most of the current evidence is based
on adult studies. A meta-analysis by Falagas analyzed 12 adult studies comparing
short course therapy up to 7 days versus long course therapy defined as 2 days
greater than short course therapy for the same antibiotic at the same daily dosage
[15]. The study found no difference in outcomes or relapse rate of infection between
the two course durations. Based on this evidence, the IDSA guideline recommends
the duration of treatment to be 5—7 days in adults [13]. Given the lack of evidence,
they weakly suggest the duration of treatment to be at least 10—14 days in pediatric
patients. The EPOS guidelines do not suggest an exact duration of therapy [5]. The
AAP advocates for oral antibiotic use to be continued for 7 days following complete
clinical improvement with a minimum of 10 days to avoid prolonged antibiotic
courses [11]. Additional randomized trials to better define the appropriate duration
of therapy in children are necessary.

Oral Antibiotics in Chronic Rhinosinusitis

Although widespread, the literature supporting the use of oral antibiotics for pediat-
ric CRS is limited. Otten et al. performed a double-blinded, randomized study ana-
lyzing the effectiveness of oral antibiotics for use specifically in chronic sinusitis
[16]. Seventy-five children with purulent rhinosinusitis for 3 months underwent
sinus aspiration and washout followed by randomization into treatment with cefa-
clor or placebo for 1 week. At 6 weeks, there was no statistically significant differ-
ence in resolution of sinusitis clinically or on radiograph (64.8% resolution in
cefaclor group versus 52.5% in placebo group; p = 0.28). Given pretreatment with
sinus aspiration and washout and the short duration of therapy, it is difficult to draw
definitive conclusions regarding oral antibiotics use in pediatric CRS.

Due to the limitations in evidence, the choice of antibiotic is often based on treat-
ment regimens for pediatric acute rhinosinusitis. There is also limited evidence
regarding the optimal duration of therapy. The EPOS guidelines suggest there is no
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current evidence to support short duration of antibiotics in pediatric CRS [5]. The
guidelines advocate for longer course duration, despite limited evidence, given the
likely equivalence to adult chronic sinusitis. The AAO-HNSF pediatric sinusitis
consensus guidelines support longer course durations as well [6]. The panel reached
a consensus that 20 days are superior to 10 days of antibiotic therapy. The consensus
statement also recommends culture-direct antibiotics for patients who have not
responded to prior medical therapy.

Intravenous Antibiotics

Prior studies have examined the use of intravenous (IV) antibiotics for pediatric
rhinosinusitis and found complications of long-term venous access without signifi-
cant benefit. In a retrospective analysis, 70 children with chronic sinusitis who had
failed a 3—4 week course of oral antibiotics were treated in a stepwise approach with
IV antibiotics plus maxillary sinus irrigation with or without adenoidectomy, fol-
lowed by endoscopic sinus surgery and IV antibiotics if there was insufficient
improvement [17]. Given the inclusion of both surgical and antibiotic intervention,
it is not possible to know the relative contribution of IV antibiotics compared to
maxillary sinus irrigation to the patients’ improvement. There was equivocal
response rate between patient who received IV antibiotics plus sinus irrigation and
those who received I'V antibiotics with irrigation and adenoidectomy. IV antibiotics
included cefuroxime (43%), ampicillin (31%), ticaracillin (21%), ceftriaxone (3%),
and vancomycin (1%). Treatment was not without adverse complications. Fourteen
percent of patients developed complications including superficial thrombophlebitis
(9%), dislodged catheter requiring venotomy (1%), serum sickness (1%), pseudo-
membranous colitis (1%), and drug fevers (1%). In a similar retrospective analysis,
22 children with CRS who failed medical therapy were treated with maxillary sinus
aspiration, irrigation, adenoidectomy, and IV antibiotic therapy until resolution of
symptoms [18]. One hundred percent of patients had initial clinical improvement
after IV therapy, while 77% had complete resolution at 12 months. Although these
two studies are encouraging, the benefits of IV antibiotics are difficult to ascertain
due to concurrent interventions including maxillary aspiration, irrigation, and ade-
noidectomy. In addition, both studies lack a control group. The EPOS guidelines
suggest, based on the current evidence, there is no justification for the use of IV
antibiotics in routine pediatric chronic rhinosinusitis [5].

Although infrequent, intraorbital and intracranial complications of sinusitis
(orbital cellulitis, subperiosteal abscess, orbital abscess, and cavernous sinus
thrombosis) can be clinically severe. Therefore, prompt treatment is of the utmost
importance. Per the EPOS and AAP guidelines, early initiation of broad spectrum
IV antibiotics covering aerobes and anaerobes is recommended [5, 11]. The AAP
specifically recommend vancomycin with piperacillin-tazobactam, ampicillin-
sulbactam, or ceftriaxone to cover penicillin-resistant Streptococcus pneumoniae
and methicillin-resistant S. Aureus [11]. If clinically improving and afebrile for
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48 hours, the patient can be transitioned to equivalent oral antibiotics [5]. The
guidelines suggest surgical drainage of abscess if clinically worsening (fevers,
changes in visual acuity or color vision, ophthalmoplegia, or large abscess greater
than 1 ml in volume) or if no improvement after 48 hours.

Overall, pediatric patients with complications of sinusitis or significant comor-
bidities (cystic fibrosis, ciliary dyskinesis, immunodeficiencies) may benefit from
IV antibiotics. In addition, I'V antibiotics can be valuable if cultures grow bacteria
with resistance to oral antibiotics or if sinusitis has been refractory to medical and
surgical management. However, the benefit of intravenous therapy must be weighed
against the risks of an indwelling catheter.

Antibiotic Irrigations

Daily saline irrigations have proven beneficial amongst pediatric patients with
CRS. Nasal irrigations are believed to improve clearance of the sinuses and can be
used to deposit medications, such as antibiotics, onto the sinus mucosa (Fig. 13.2).

Fig. 13.2 Antibiotic antral
irrigation. (Courtesy of
advanced RX)
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It has been postulated that intranasal antibiotic irrigation can provide the benefits of
antibiotics without toxic side effects by avoiding high systemic levels of oral or IV
antibiotics [19, 20].

Currently, studies of antibiotic irrigations in the pediatric population are limited.
Wei et al. performed a prospective, double-blinded cohort study with the goal of
comparing the treatment outcomes of pediatric patients with chronic rhinosinusitis
using daily saline irrigations compared to saline irrigations with low dose gentamy-
cin solution (80 mg gentamycin/1000 ml normal saline) [19]. The study enrolled 40
children and followed them over the course of 6 weeks. In both groups, there was a
noted improvement of quality of life scores and Lund-MacKay Computed
Tomography scores following treatment. However, there was no statistical differ-
ence between groups. In this limited sample of non-operated patients, gentamycin
nasal irrigation did not provide improved efficacy over saline irrigation alone.
However, a minimum ostial diameter of approximately 3 mm may be necessary to
ensure that the sinus can be successfully irrigated with saline solution [21].
Therefore, pediatric patients with unoperated sinuses may not benefit significantly
from topical antibiotics due to the inability of the solution to reach the sinus mucosa.

A literature review of the current adult and pediatric evidence concluded that
antibiotic irrigations may be most beneficial when used following endoscopic sinus
surgery in a culture-directed manner [20]. However, given the limited evidence in
the pediatric population, it is difficult to draw direct recommendations for use of
nasal antibiotics irrigations in children. Some topical antibiotics, such as tobramy-
cin and gentamycin, may have ototoxic effects, which have not been adequately
studied. Moreover, little is known about dosing for pediatric patients given that
sinus size and mucosal surface area changes rapidly during childhood based on
pneumatization and midface growth. Based on the limited available evidence to
date, the AAO-HNSF did not reach consensus regarding the use of topical antibiotic
irrigation for the pediatric population [6]. The other professional organizations did
not specifically comment or advocate for the use of antibiotic antral irrigations in
the pediatric population. More studies analyzing alternative antibiotic antral irriga-
tions with varying dosages and with measurement of subsequent serum levels would
be valuable to determine the efficacy of antibiotic antral irrigations and the degree
of systemic absorption.

Pediatric patients with cystic fibrosis often undergo tobramycin nebulizer ther-
apy when Pseudomonas is cultured in the lungs. The nebulized tobramycin can be
inhaled through a nasal mask, thus theoretically providing deposition of the tobra-
mycin into the sinuses. However, prior studies have found that in the adult population,
administration of topical antibiotics via a nebulizer or spray technique has not
shown significant clinical benefit while administration via irrigation methods has
shown promise [22, 23]. The EPOS guidelines do not recommend topical antibiotics
as first-line therapy for patients with cystic fibrosis based on limitations in evidence.
Further studies are needed regarding the use of topical antibiotic irrigations in
patients with cystic fibrosis as an adjunct to inhaled pulmonary nebulizers and as a
way to reduce sinus colonization by bacteria such as Pseudomonas and
Staphylococcus aureus [5].
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Conclusion

Although controversial, the use of empiric oral antibiotics is recommended for pedi-
atric acute and chronic bacterial rhinosinusitis. Culture-directed therapy is reserved
for patients who do not respond to initial treatment. Based on the current evidence,
intravenous antibiotics should be reserved for patients with complications of sinus-
itis or comorbidities, while intranasal antibiotic irrigations may be beneficial in
pediatric patients who previously have undergone sinus surgery and have failed
routine medical management.
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Chapter 14
Saline Irrigation in Pediatric
Rhinosinusitis

Friederike S. Luetzenberg and Julie L. Wei

Introduction

Chronic rhinosinusitis (CRS) is considered the fifth most common chronic illness in
the USA, with a reported up to 15% of the population being affected [1, 2]. The
global incidence rate is a bit more variable and ranges from 1% to 11% [3, 4]. In
pediatric CRS, specifically, 0.5-10% of upper viral infections are thought to prog-
ress to acute rhinosinusitis (ARS) with a subsequent undefined proportion advanc-
ing to CRS [5]. It is, therefore, not surprising that CRS accounts for the chief
complaint in approximately 27 million office and emergency room visits in the USA
annually [6]. This prevalence combined with a probably of patients with CRS being
five times more likely to be prescribed medication than patients without CRS has
created a huge economic burden; in fact, the healthcare cost associated with CRS is
estimated to be $5-$8 billion per year with additional loses accruing due to
decreased productivity at work and school [2, 6]. Mucosal thickening on CT imag-
ing demonstrates that CRS is not an infectious process, but rather an inflammatory
disease. Hence, common management approach using antibiotics and/or antihista-
mine and topical nasal steroid spray, for resumed infectious or allergic causes of
these symptoms, results in observed unresolved persistent daily symptoms in
children.
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Nasal saline irrigation has been shown over decades to significantly relieve
symptoms associated with CRS and improve patient’s quality of life. Although
awareness and slowly increasing practice of daily saline rinses appear relatively
new in the Western world, it has been considered a “hygiene” practice which can be
traced back as far as 1000 BC to the ancient Hindus of Ayurveda [7]. Continuing
along the timeline, in the fifteenth century, the Far Eastern yoga tradition of Hatha
Yoga Pradipika practiced Jala neti, meaning nasal cleansing with (salt)water, and
created the neti pot, a popular device still used today [8, 9]. The first mentioning of
nasal irrigation in the Western world, however, was not until 1895 when the British
Medical Journal reported on this “new” phenomenon [8]; and it took another
80 years before the introduction of nasal rinses in the USA [7]. Today nasal saline
irrigation is commonly accepted as an adjunctive therapy for conditions such as
CRS, but its benefits as the primary first-line treatment may still be questioned by
many. Furthermore, many physicians and patients may be confused as to what saline
solution to use and with what device to best apply it. This chapter aims to share the
past and current best evidence on the efficacy of nasal saline irrigations, what to use,
and how to use it when treating pediatric CRS.

Physiology

In a normal setting, the upper respiratory system possesses mucociliary clearance,
also known as the mucociliary escalator, which comprises the interplay between
ciliated epithelium and daily mucus secretions [10]. The nasal passage and all struc-
tures are covered by mucous membrane, which provides large surface area with rich
underlying venous plexus to optimize warming of air, humidification, and secretion
of mucus constantly to protect the airway from foreign particles. There is mucocili-
ary clearance which propels fine particles toward the pharynx and such are then
swallowed [11]. The mucus layer consists of two distinct layers—the gel and sol
layer [10]. The superficial gel layer is a thick, more viscous constituent, with vari-
ous antibodies and proteins to trap and eliminate foreign microorganisms and mat-
ter. The sol layer, in contrast, is the deeper, more serous constituent which bathes the
ciliated epithelium allowing the appropriate cilia motion [10]. Cilia move in a con-
certed and active beating pattern, known as ciliary beat frequency, which under
normal circumstances beat at about 13 Hz in vitro [11]. The beating motion moves
the mucus layers synchronously in one direction. The interplay between well-
functioning cilia and adequate amount of mucus is critical in order to clear the nasal
passages appropriately.

In CRS, there is a defect in the mucociliary transport system, as has been repeat-
edly shown with using saccharin tests in multiple studies [11, 12], the two possible
culprits being either the mucus or the cilia. Studies suggest that there is no signifi-
cant difference in primary ciliary beat frequency between patients with CRS and
normal controls which would lead to the disease [13]. In fact, one study concluded
that the presence of CRS may eventually lead secondary cilia dyskinesia due to the
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chronic disease process and, therefore, not be implicated in the origin of the disease
[14]. The acquired ciliary defects, now displaying decreased ciliary beat frequency,
however, slow the mucociliary clearance even more, feeding into the vicious disease
cycle. This leads to the conclusion that initially the nasal mucus secretions them-
selves are responsible for the “sinusitis,” which are later joined by progressively
slowing cilia. This is important to keep in mind when considering the usefulness of
nasal irrigation as a treatment for CRS.

While western culture may focus solely on infectious and allergic causes of
mucociliary dysfunction, there are many physiologic factors which are important
for good mucociliary clearance: the number of cilia, their structure, activity, and
coordinated movement. Optimum functionality of mucociliary clearance presup-
poses a temperature of 37.0 °C (98.6 °F) and absolute humidity of 44 mg/dm? cor-
responding to a relative humidity of 100%. Under the condition of insufficient
temperature and humidity, after a short time the ciliary cells suspend their trans-
port function. Under such circumstances, bacterial germinal colonization is facili-
tated [15].

Based on these physiologic requirements for optimal mucociliary clearance, it is
conceivable that nasal symptoms may in fact be commonly a result of suboptimal
conditions for physiologic function of the nose. When chronically exposed to indoor
and/or outdoor environments which have inadequate humidity, external cold tem-
peratures, and exposure to indoor air heating or wood-burning heat, prolonged geo-
graphic winter seasons, prevalence of nasal congestion, “stuffiness,” and perception
of “blockage” can be expected. In children, an additional common cause is tempo-
rary mucociliary clearance disturbance due to acute viral upper respiratory tract
illness. However, even after viral illness is over, persistent suboptimal mucociliary
clearance may continue due to the factors listed above.

There are additional factors which may disturb mucus secretion in the upper
respiratory tract. Normal nasal physiology involves “nasal cycle” of intermittent
congestion and decongestion of contralateral nasal passages due to an increase in
blood flow and vasodilation of mucous membrane of inferior turbinate, versus a
decrease in blood flow and vasoconstriction in the other, respectively [16]. It has
been hypothesized that the nasal cycle may contribute to the mucociliary clearance
and protection against respiratory infections. Soane et al. showed that the mucocili-
ary clearance was 2.5 times greater in the patient nostril during the nasal cycle than
in the congested nostril [17], indicating once again increased mucus secretions in
the hinderance of the mucociliary escalator and the potential for microorganisms
and foreign particles to stay in one’s nostril longer.

Furthermore, the climate of one’s geographical location may contribute to the
amount of mucus secreted. Nasal passages are naturally warm moist environments,
which means that depending on what the outside environment presents, during
inspiration and expiration, the air properties need to be adjusted. As such, a compre-
hensive study on climate zones and subsequent nasal functioning extrapolated that
cool-dry air requires the most inspiratory modifications, whereas hot-wet air
requires the most expiratory modifications [18]. In terms of CRS, the setting of
cold-dry environment may dehydrate one’s nose, leading to mucostatsis and
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decreased mucociliary clearance [19, 20]. On the other extreme, however, hot-wet
air may increase the perception congestion due to the sheer static overhydration of
the nasal passages [21]. Based on all the factors presented, in order to effectively
treat nasal symptoms and dysfunction, mucociliary clearance must be optimized
while an excessive amount of mucus minimized. These are the reasons why nasal
saline irrigation should be used frequently and often as the primary method to
restore mucociliary clearance and optimal nasal physiology.

Nasal irrigation has been shown to be effective at improving the symptoms of
CRS, and it does so by enhancing the impaired mucociliary clearance. On one hand,
saline rinses are effective at washing out mucus with its entrapped debris and micro-
organisms by decreasing the viscosity of the gel layer, taking care of the copious
amounts of mucus [22]—the big culprit in decreased mucociliary clearance in CRS
discussed previously. On the other hand, the effectiveness of saline irrigation on
ciliary beat frequency appears to be a bit controversial. Although no significant
decline in ciliary beat frequency has been reported to exist initially, the later inhib-
ited, perhaps even overwhelmed, cilia does beat more slowly [13, 23]. This means,
however, that simply slowed cilia has the potential to regain its beating capabilities
with a little help. Studies have demonstrated that airway cilia are stimulated by
ATP-dependent intracellular calcium release and inhibited by extracellular sodium
blocking the ATP-gated channels permeable to calcium [22, 24, 25]. This alone
would lead one to question the efficacy of saline solutions on ciliary beat frequency,
in general. Interestingly enough, however, there have been numerous reports on
saline, specifically saline with higher tonicities, stimulating ciliary beat frequency.
As such, Wabnitz et al. found that 3% saline increases ciliary beat frequency within
5 minutes after administration in comparison to physiologic saline, but it does not
affect the measurements between hypertonic and normal saline after 60 minutes
[22]. Increasing hypertonicity further then leads to ciliostasis in in vitro tissue from
CRS patients without comorbidities, which is reversible at 7% tonicity but irrevers-
ible at 14% tonicity [26]. On the contrary, in the presence of normal saline or hypo-
tonic saline, ciliary beat frequency has been shown to remain constant or even
decrease [26, 27]. This may lead to the speculation that the positive effects of saline
irrigation may in fact not be due to an alteration in ciliary beat frequency, but mainly
in the properties of the mucus layer. The previously increased viscosity of the gel
layer may be decreased by the additional fluid, with higher osmolarities attracting
larger quantities of fluid from adjacent compartments [22]. The decreased viscosity,
in turn, would lead to improved mucociliary clearance and increased ciliary beat
frequency by sheer regained ease of motility. If, however, inhibiting sodium ions
were to be removed from the solution, the solution may affect the actual ciliary beat
frequency after all; exactly this was done in a study by Bonnomet et al. The study
compared the effects of non-diluted seawater, diluted seawater, and normal saline,
in addition to a control group, on ciliary beat frequency [28]. The seawater solutions
were isotonic after removing NaCl but preserving the water’s natural minerals at
full capacity and one-third, respectively. Similar to the above-mentioned decrease in
ciliary beat frequency in the presence of normal saline, normal saline reduced half
of the cultures ciliary beat frequency to be indeterminable [28]. Non-diluted and
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diluted seawater, however, both improved ciliary beat frequency significantly in
comparison to normal saline and the control group, with non-diluted seawater sig-
nificantly outperforming diluted seawater as well [28]. From a physiological stand-
point, saline as well as seawater solutions show to be efficacious in improving
CRS-related symptoms but due to diverging underlying mechanisms.

Patients

Although the use of saline nasal irrigation has been well established for the treat-
ment of CRS in adults, few studies have been published on usage in children. This
may be one factor why saline irrigation is underutilized and under “prescribed” by
clinicians. There is one study which reported that up to 63% of children who suffer
from chronic respiratory complaints may have CRS, suggesting under appreciation
for an association between pulmonary and nasal dysfunction especially the “sino-
pulmonary reflex” [29]. The greatest barrier to the trial of saline irrigation in the
pediatric population appears to be the same assumption by both physicians and
parents: that “the child will not tolerate the treatment” [6, 30]. The perception of
impaired tolerability precedes the willingness to try nasal saline irrigations and,
hence, underutilization as first-line treatment for chronic nasal symptoms including
for children who may progress to develop CRS. In fact, Jeffe and colleagues found
that only 28% parents believed their child would tolerate the nasal rinse but sup-
posed the tolerability would improve once the child was older [6]. This begs the
questions, is saline irrigation safe for younger children and do they accept the treat-
ment well? Two studies reviewed the use of saline nasal irrigation in children and
recruited participants as young as 2 or 3 years of age. In both studies, authors found
no significant differences in tolerability between age groups [6, 30]. Even when
taken duration of treatment into consideration, children as young as 4 years old
accepted and tolerated saline irrigations well for as long as six continuous weeks
[2]. While the use of saline irrigation in a toddler may require more parental involve-
ment and be more challenging compared to self-administration in a teenager, chil-
dren may be more adaptable than expected by clinicians. A study by Chirico et al.
showed that saline irrigations are even safe and well-accepted in neonates and
infants [31, 32]. While the use of saline in neonates was not specific for CRS, it did
demonstrate safe utilization of saline in early childhood. Minimal adverse effects
have been reported in few participants regardless of age at application. These
include sensation of “burning” during irrigation, ear fullness, few nose bleeds, and
cough [30, 33]. In all cases, the benefits have been reported to outweighed risks and
adverse effects.

Their symptoms necessary to establish a diagnosis of pediatric CRS are labeled
“fuzzy” by most studies. However, Brietzke et al. published a consensus statement
on pediatric CRS in 2014, and defined pediatric CRS as children who have “at least
90 continuous days of 2 or more symptoms purulent rhinorrhea, nasal obstruction,
facial pressure/pain, or cough and either endoscopic signs of mucosal edema or
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purulent drainage, and/or CT scan changes showing mucosal changes in a patient
who is 18 years or younger” [34]. The most common comorbidities include allergic
rhinitis, asthma, and gastroesophageal reflux—although these have been no consen-
sus on gastroesophageal reflux being a contributory factor in pediatric CRS [2, 34].
Other factors such as cystic fibrosis and nasal polyps will be discussed later on.

Regardless of where in the disease process on this continuum of persistent symp-
toms, studies integrating cross-national treatment recommendations, assessing
practice compliance with published guidelines, as well as national position papers
on rhinosinusitis all support saline irrigation as first-line treatment in numerous
countries [9, 35, 36]. Both adult and pediatric patients are likely to seek care first
from their primary care provider. A 2017 study from the UK reported that while
there is increased use of saline irrigation, authors stated that only 1% of surveyed
CRS patients reported current use of saline rinses [35], yet Gulliford et al. reported
a median of 91% of patients being prescribed systemic oral antibiotics for a diagno-
sis of rhinosinusitis by their primary care provider [37]. Not only have antibiotics
been reported to be ineffective in the treatment of CRS, their continued use when
not indicated continues to increase antibiotic resistance globally. Similarly, surveys
of the American Rhinologic Society and American Society of Pediatric
Otolaryngologists showed that nasal steroid sprays are used by slightly more physi-
cians than saline irrigations and that 57% of physicians still administer oral antibiot-
ics [38, 39]. What warrants consideration is also the prominent use of nasal steroids.
Parents, caretakers, and even patients have been reported to develop reservations
about long-term use of steroids, or “cortisone phobia” reported by Kaschke [9]. As
a non-pharmacological agent without side effects, the use of nasal saline irrigations
as first-line treatment for CRS will minimize the need for dependence on medica-
tions including nasal steroid and others.

Adenoidectomy has been a procedure believed to be appropriate and effective for
children with CRS [38, 39]. It is so common that 63% of the aforementioned survey
participants stated they performed three or more adenoidectomies for pediatric CRS
monthly [38]. The most concerning long-term consequence being discussed here is
the continued facial skeletal development in young children and the impact the sur-
gery may have on it [30, 34]. Even if that is unlikely to be a concern, recent recom-
mendations by both the Food and Drug Administration (FDA), supported by
American Society of Anesthesiology (ASA), on minimizing exposure of general
anesthesia in early childhood for elective surgeries, supports more judicious deci-
sion making and recommendation for surgical intervention. The FDA cautions that
repeated or lengthy surgical procedures may affect the child’s brain development, as
indicated by numerous animal studies [40]. The ASA supported this statement by
pointing towards studies showing difficulties in learning or behavior following pro-
longed or repeated exposure to anesthetics in children, yet a potential negative
impact on cognitive development was to remain uncertain [41]. Specific guidelines
for medical versus surgical interventions have already been established in countries
such as the UK that state medical management needs to be employed for at least
3 months before a surgical referral [35]. Additionally, in the USA many insurance
companies require preoperative confirmation of hypertrophied adenoids in children
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under the age of 5, using CT or office-based awake nasopharyngoscopy before
approving surgical coverage [42—44], adding either radiation exposure or emotional
distress to the child’s disease process should surgery be considered.

Most studies reporting significant symptom and quality of life improvements
used saline irrigations daily for 4-8 weeks [2, 30, 45, 46]. Children were instructed
to rinse their noses one to three times per day, and regardless of whether saline was
used alone or in conjunction with another therapy, such as anti-histamines, or irri-
gating post-surgically, the scores were improved when compared to therapies with-
out saline [47-49]. Efficacy and improved outcome from daily use over multiple
weeks has been reported by Hong et al., as in their study the poorly compliant chil-
dren showed significantly less improvement in comparison to the more compliant
children [30]. The most common outcomes reported in studies assessing the effi-
cacy of saline irrigation included subjective reports of symptom relief in terms of
nasal congestion, nasal secretions, cough, and emotional stress, as well as objective
measures using sinonasal or other Quality of Life surveys and or opacification on
CT scans [1, 2, 33]. After completion of treatment, many studies reported that
patients continued to use the irrigation on an as needed basis with continued effi-
cacy [2, 6]. Pham et al. reported on long-term outcomes using saline irrigation in
children, and found that less than 10% of subjects with pediatric CRS required
endoscopic sinus surgery due to persistent symptoms [2]. A review of saline irriga-
tion after endoscopic surgery of paranasal sinuses showed reduced edema, crusting,
and secretions after creating sufficient sinus ostial openings when irrigations were
employed [48].

In addition to its effectiveness when treating pediatric CRS, use of saline irriga-
tion for the treatment of symptoms due to allergic rhinosinusitis (ARS) warrants
mentioning even if controversial. Few studies have focused the use of saline rinses
in pediatric ARS, but Wang and colleagues showed an increase in Quality of Life
scores and decrease in ARS symptoms in children after adding daily saline irriga-
tion to standard treatment for 3 weeks [50]. However, the European guidelines on
the treatment of ARS continue to exclude nasal saline irrigation as a recommended
treatment option. A more recent publication considering American as well German
databases came to the conclusion that it may not be appropriate yet to indorse saline
rinses in cases of ARS based on the lack of previous substantiated study results
demonstrating significant benefits in comparison to standard therapies alone [9]. It
is, therefore, necessary to expand the research on saline rinses in ARS before con-
sensus is achieved.

How to Use and Types of Irrigation Devices

Once providers and patients agree to a trial of nasal saline irrigation, both need to
know how and which device to use. The most effective method of using saline agree
on using a device which can deliver large-volume solutions (>100 ml) at low pres-
sures and is easy to use [9, 48, 51, 52]. Although not distinguishing between
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volumes, a study adding a radioactive solution to saline and measuring solution
distribution within the sinuses showed that nasal douching was significantly more
effective than nasal spray and a nebulizer [53]. As mentioned already, the greatest
barrier in using saline rinses in children is the assumption by both parents and physi-
cians that the child will not tolerate its use [6, 30]. It is important for healthcare
providers to explain to parents and caretakers that the majority of children will likely
need a few days and multiple attempts before getting used to saline irrigation. Jeffe
et al. reported that only 14% of children accepted the irrigation after the first attempt,
yet 73% accepted it within 1 week of continuous use as reported by the parents [6].
Thus, to be successful parents and children need to be encouraged to keep trying and
appropriate expectations are set. Second, it may be beneficial to not only explain or
demonstrate the technique of irrigation devices, but also have the child do a “test-
run” in the office to confirm understanding and execution prior to going home [52].
This way, parents’ doubts may also be alleviated by watching their child performing
the task on their own. The greatest barrier reported by children is the cumbersome-
ness of applying the irrigation every day [30]. Given easy access to social media,
specifically “You Tube,” children, parents, and physicians/providers can easily ref-
erence or view the actual irrigation on personal electronic devices and phones.

Devices and techniques are plentiful, but the head position achieving the greatest
distribution of solution appears to be the vertex down position (Fig. 14.1). If this can
physically not be accomplished, the nose-to-sink position would be the next best
option [48]. Based on the senior author’s clinical experience, in children it is best
and least traumatic for both patients and parents to use the nose-to-sink position and
minimize choking and sensation of “drowning” as preschool aged children often
have not mastered “breath-holding” and swimming.

Based on various efficiencies reported in studies, squeeze bottles and Neti pots
seem to deliver the best results; but what do patients say? Based on a comprehensive
Amazon.com search (Fig. 14.2), reviewing available systems and their reviews, the
squeeze bottle and Neti pot are the most popular, with the squeeze bottle winning
the race by a small margin. Both devices are reusable after sufficient cleaning and

Fig. 14.1 The position of the head during irrigation: (a) neutral upright position, (b) nose-to-sink
position, and (c¢) vertex down position [48]
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Fig. 14.2 Irrigation systems (advertising images): (a) NeilMed Sinus Rinse, squeeze bottle [54].
(b) Ceramic Neti Pot [56]. (¢) SinuPulse Advanced Nasal Sinus Irrigation System [57]. (d)
NeilMed Sinugator Pulsating Nasal Watch [59]. (e) Navage Nasal Irrigation [58]. (f) Nasopure
squeeze bottle for kids [60]

affordable; the squeeze bottle can be purchased for $10.39, and it comes with the
plastic bottle and 50 premixed packets [54]; the Neti pot is available in stainless
steel or ceramic constructions, and according to the instructions, patients can use
either Neti-pot salt or non-ionized salt mixed with water [55, 56]. The device costs
between $20 and $30, but the stainless steel version may exhibit rusting if not
cleaned properly.

Other devices which also received overall good reviews are a fully automated,
electric irrigation system, a NeilMed pulsating nasal wash that the description
compares to an electric toothbrush, and a recent “Navage system” pushes the
solution in one nostril and sucks the irrigant out the other nostril as compared to
only pushing the solution in and passively allowing irrigant to come out. This has
been gaining favor with patients and families, especially in children. The electric
irrigation system and Navage are in a head-to-head competition when it comes to
overall customer ratings; at $70-$80, the biggest critique of the electric system is
its ease of breaking for some customers [57], whereas at $90 the Navage system
loses points for continuously requiring the purchase of fitting pods at an addi-
tional expense [58]. The NeiMed pulsating nasal wash loses the race in terms of
customer reviews based on the poor construction and short life of the device; at
about $25, it is not the most expensive apparatus available, but for the customers
the negatives outweighed the positives in this case [59]. For children, in particu-
lar, the squeeze bottle kits are available as a pediatric version, which is a 4-ounce
bottle instead of the 8-ounce bottle, and allows smaller hands greater ease of con-
trol and use for children to self-irrigate [60]. Neti pots, although not available as
a distinct pediatric Neti pot, can also be used by children themselves. Even though
“it may look scary” children are capable of using them safely once they try [61].
The Navage system, however, is cleared by the FDA and Health Canada only for
children ages 12 and older [62].
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For instructional purposes on a children’s level, these YouTube videos show chil-
dren performing and explaining how to use a squeeze bottle and a Neti pot. If your
child is afraid to try using a saline irrigation system, it may help watching another
child do it also.

* Squeeze bottle https://www.youtube.com/watch?v=uK6Y Wj85hul
e Neti pot https://www.youtube.com/watch?v=2V3DtOJM23¢g

Lastly, there is a concern about bacterial contamination of the devices due to
their repeated use and subsequent introduction of the bacteria into the nasal airways.
Upon investigating the devices bacterial flora, studies found that bacteria did in fact
grow quite rapidly inside the apparatuses post usage [51, 63]. Interestingly, how-
ever, the solution in the bottle did not get contaminated [64]. In order to exercise
best practices and be on the safe side, it is recommended to microwave the devices
prior to every use. Although microwave duration of 120 seconds at 700 watts exhib-
ited the best disinfection results, the plastic of the squeeze bottle began deforming
[51]. Thus, the recommendation settled on 90 seconds at 700 watts to achieve the
best balance between cleaning and preserving the bottle. It is critical for parents and
caretakers to be fully aware of any risks associated with the use of microwave and
the heating of plastic objects, especially risk of burns due to any solutions being
“microwaved.” If any microwave is used, we are referring only to the cleaning of the
devices, NEVER for the act of irrigating. Besides using a microwave, devices
should be cleaned after every use, using hot water and antibacterial soap [65].
Furthermore, nasal irrigation should only be performed with sterile or distilled
water purchased in stores [66]. Tap water which has been boiled for 3—5 minutes
and cooled to lukewarm temperature is a good alternative; previously boiled water
to be used within 24 hours can be stored in a closed container [66]. Non-boiled tap
water has the potential to contain amoeba which, upon rinsing one’s nose, can enter
the brain and cause detrimental neurological infections. Although this is extremely
rare, two deaths in 2011 may have reportedly been related to the use of Neti pots
with non-bailed tap water [67].

Tonicity of Irrigation Solution

Physiological mechanism of nasal saline irrigations and how different tonicities
affect the components of mucociliary clearance has been discussed earlier. However,
there has been a long-standing debate on the optimal tonicity of the irrigation solu-
tion. Overall, isotonic as well as slightly hypertonic solutions have been reported
most commonly to be both safe and effective in reducing the symptoms related to
pediatric CRS. Shoseyov and colleagues compared 0.9% normal saline with 3.5%
hypertonic saline in children with CRS [45]. Both groups exhibited significant
improvements in a decrease of post-nasal drip and nasal secretions with no
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statistically significant difference between groups. Only the cough and radiological
scores saw greater improvements with the hypertonic solution [45]. Considering
that both groups experienced significant symptom relief and increased comfort, the
authors did not conclude one solution to be advantageous over the other. For chil-
dren to accept and use these rinses comfortably, however, hypertonic irrigation was
associated with higher reporting of nasal burning and irritation [9, 45]. Even at 3.5%
children reported nasal discomfort for the first 3—4 days of irrigation [45]; the burn-
ing and itching sensation ceased subsequently but can initially cause potential dis-
tress in both children and parents. When using hypertonic saline rinses, it is therefore
recommended not to exceed 3.5%, with 2% appearing to be a nice, effective com-
promise in the middle [9]. Concentrations greater than 3.5% can lead to severe
irritation and harmful effects on mucociliary clearance [9]. Hypotonic solutions, on
the other hand, have not been effective in increasing mucociliary clearance [9, 22].
Thus, choosing between normal and slightly hypertonic saline may depend on the
patient’s comfort and experience with the solution. As both tonicities have shown to
be effective and safe for pediatric CRS, parents can rest assured by the possibility of
adjusting the tonicity if necessary.

Besides tonicity, saline irrigations for CRS have also been investigated in com-
bination with a number of additives. Probably the most popular combination,
saline with topical steroids—steroid irrigations—was comprehensively reviewed
for the use in CRS after endoscopic sinus surgery. This meta-analysis included 12
studies and concluded that steroid irrigation did not differ from saline irrigation
alone in terms of symptom relief, quality of life, and endoscopic findings [49]. A
recent study reported a clinical significance in favor of adding budesonide to high-
volume saline rinses as compared to saline alone for treating adults with CRS;
they, however, failed to establish a statistically significant difference between out-
comes in the two groups and presented inconsistent methods and results, leading
to an inconclusive report [68]. Thus, the addition of steroids to nasal rinses is not
warranted. Similarly, adding antibiotics to nasal rinses does not improve the effi-
cacy of the irrigation. A study comparing saline only to saline plus gentamicin
rinses exhibited equally positive results for improved CT and quality of life scores
[33]. The antibiotics did not add any benefits to the irrigation, and it is therefore
not necessary to expose children to further antibiotics. Continuing this trend, add-
ing an anti-fungal to nasal irrigations does not contribute any additional benefits.
Although there have been theories implementing the possibility of fungal spores
contributing to CRS, multiple studies have shown that an additive antifungal med-
ication, such as amphotericin B, does not increase the efficacy of nasal rinses over
saline alone [69, 70]. Use of antifungal agents may be helpful for a specific popu-
lation of children with “allergic fungal sinusitis,” which is most prevalent in the
south and southeast. More will be discussed on AFS in the next section. Altogether,
it appears that saline by itself is just as effective as saline with any of the described
additives at relieving symptoms, improving endoscopic scores as well as the qual-
ity of life and, therefore, mitigates the need of subjecting children with CRS to
these medications.
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Special Considerations

Some patients may not exhibit the most classical presentation of CRS, such as the
presence of nasal polyps, and some may have an underlying disease in which CRS
is just one of the presenting symptoms; these special situations, also, deserve our
attention. Upon performing an endoscopic examination, a portion of patients may
have CRS with nasal polyps, clinical consensus statement agreed that CRS with
nasal polyps in children should be treated differently than CRS without polyps [34].
In fact, the vast majority of research shows that topical corticosteroid irrigations are
favored in the presence of nasal polyps [36, 71, 72]. In comparison to simple CRS,
in which steroid solutions did not achieve results different from saline only rinses,
CRS with nasal polyps benefits from the addition of corticosteroids. Two compre-
hensive meta-analyses representing the current clinical positions in the USA as well
as in Europe showed that the use of topical steroid rinses with, again, large volume,
low-pressure devices attained the greatest reduction in polyp size and was, there-
fore, recommended [36, 73].

CRS is also commonly present in patients with cystic fibrosis (CF). The disease
mechanism of CRS in CF is different, however, than in “normal” CRS. CF patients
possess a mutated cystic fibrosis transmembrane conductance regulator gene which
affects chloride ion channel function in the nose, leading to very viscous, desiccated
mucus, impairing the mucociliary clearance severely [74, 75]. This, in turn, leads to
increased infections and inflammation. Whereas in non-CF CRS, physiologic or
hypertonic saline irrigations have both shown to be effective, in CF-CRS patients
this debate is still controversial. Some studies say that CF-CRS is preferably com-
bated with hypertonic saline rinses [76, 77]. As described earlier, the hypertonicity
attracts even more fluid to the applied area, which is even more so needed in the
markedly dried-out mucus in CF. This benefit of hypertonic saline may be balanced
by the potential adverse effects of burning and itching children may experience. On
the other hand, some studies show that physiological saline is just as efficacious as
hypertonic saline [77] and that especially in pediatric patients, the effects of hyper-
tonic saline are not as great as in adult patients [76]. Physiologic saline may, there-
fore, still be beneficial in terms of removing mucus and crusts and has improved
quality of life scores significantly in comparison to no nasal irrigation.

The final special form of CRS deserving our attention is allergic fungal rhinosi-
nusitis or allergic fungal sinusitis (AFS); here, eosinophilic mucin with fungal
hyphae is present in the nasal airways [78]. While in CRS with nasal polyps and CF
CRS a trial of conservative medical treatment is recommended before advancing to
surgical interventions [36, 74], in AFS, surgical treatment should be the first line of
treatment followed by additive medical therapies [36]. Post-surgically, AFS appears
to benefit from a similar medical intervention as CRS with nasal polyps—namely
topical corticosteroid irrigations [36, 78]. This was shown by two extensive litera-
ture reviews discussing the recommended treatment of AFS. One review even pre-
sented that steroid irrigations reduced the recurrence rate of AFS from 50% with no
treatment to 15% with treatment [36]. Recent studies have begun investigating the
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utility of adding fluconazole to saline irrigations to treat AFS sinuses with a topical
antifungal postoperative. Although the evidence is limited, 75% of patients using
topical antifungal irrigation showed disease improvement after 3 months of continu-
ous use in one study [79], and only 10% of patients had a recurrence of AFS after
9 months of antifungal irrigation in another study [80]. Thus, although additives to
saline irrigations may not show increased benefits in simple CRS, the addition of
corticosteroids may be warranted in under special circumstances.

Conclusion

Saline irrigation is safe and appropriate as both first-line treatments for pediatric
chronic rhinosinusitis. Despite current and past research evidence demonstrating
efficacy, it is likely still underutilized in children. Increase in awareness and use
may result from newly available and a variety of commercial irrigation devices.
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Chapter 15

Medical Treatment of Pediatric
Rhinosinusitis: Focus on Intranasal
and Systemic Corticosteroids

Fuad M. Baroody

Rhinosinusitis is a commonly encountered problem in both pediatric and otorhino-
laryngologic practices with a recent increase in the diagnosis of acute rhinosinusitis
(ARS) and chronic rhinosinusitis (CRS) in both adult and pediatric patients. This is
likely a consequence of an improved understanding of the etiology, pathophysiol-
ogy, and microbiology of the disease. The exact prevalence of the disease in chil-
dren is difficult to determine as only a small percentage of cases present to the
physician’s office. A recent analysis of national survey databases between 2005 and
2012 showed that CRS accounted for 5.6 million visits per year among patients
0-20 years of age [1]. CRS was diagnosed in 2.1% of all visits, ARS in 0.6% and as
comparators, allergic rhinitis in 2.6%, upper respiratory tract infections (URI) in 8%
and otitis media in 6.7%. In a Swedish population-based study of 3112 adolescents,
Westman and colleagues estimated the 12-month prevalence of CRS based on ques-
tionnaire to be 1.5% and, after clinical follow-up with objective confirmation, to be
0.3-0.8% [2]. Prevalence of radiologically confirmed rhinosinusitis in patients pre-
senting with chronic respiratory complaints is much higher and approaches 30-60%
depending on the sinuses involved with younger children having a higher rate of
abnormal imaging than older adolescents [3, 4].

The mainstay of treatment of rhinosinusitis in children is medical with nasal
saline irrigation, antibiotics, and anti-inflammatory therapy with corticosteroids as
the most common therapies. In this chapter, we will present the evidence, when
available, that supports the use of these agents in the treatment of both acute and
chronic rhinosinusitis in the pediatric age group.
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Intranasal Saline

Acute Rhinosinusitis Saline nasal irrigation has become mainstream in the treat-
ment of rhinosinusitis in adults based on the presumption that it helps to clear debris
and secretions from the nasal cavity. There is one trial in children that shows that
adding saline versus placebo to decongestants and antibiotics in children with ARS
resulted in greater improvement in nasal airflow and quality of life as well as better
improvement of total symptom score [5]. Despite the lack of strong evidence, nasal
saline irrigations are safe and are recommended if tolerated by the child with ARS.

Chronic Rhinosinusitis A Cochrane review analyzed randomized controlled trials
in which saline was evaluated in comparison with either no treatment, a placebo, as
an adjunct to other treatments, or against other treatments [6]. Overall there was
evidence that saline is beneficial in the treatment of the symptoms of CRS when
used as the sole modality of treatment. In a more recent trial, Wei and colleagues
enrolled 40 children with CRS in a randomized, prospective, double-blind study
comparing once daily irrigation with saline or saline/gentamicin for 6 weeks [7].
There were statistically significant improvements in quality of life scores at 3 and
6 weeks and a reduction of CT scores after 6 weeks in both groups with no signifi-
cant difference between the groups, suggesting that the addition of gentamicin to
saline irrigations provided no additional benefit. Contrary to what parents may
think, saline irrigations were well tolerated by more than 80% of children and ado-
lescents and when questioned, over 70% of patients/parents thought there was an
improvement in nasal symptoms with irrigation [8]. Based on the above, saline nasal
irrigation has become a mainstay of therapy of CRS in the pediatric age group [9].

Antibiotics

Acute Rhinosinusitis In the context of an upper respiratory tract infection, ARS
can be diagnosed if there are persistent symptoms for more than 10 days, worsening
of symptoms after initial improvement (double sickening), or severe symptoms at
onset. The American Academy of Pediatrics guidelines recommend starting antibi-
otics when there is a severe onset of symptoms or worsening after initial improve-
ment [10]. For persisting symptoms beyond 10 days, the guidelines recommend
starting antibiotics or offering another 3 days of observation before doing so as
symptoms might improve spontaneously [10]. A meta-analysis of randomized con-
trolled trials evaluating antibiotic treatments for ARS, in which 3 of the 17 evaluated
studies were performed in the pediatric age group, shows that antibiotics were asso-
ciated with a higher rate of cure or improvement compared to placebo [11]. The rate
of resolution of symptoms was faster with antibiotics in most randomized controlled
trials. There are also a few trials where treatment with antibiotics in patients with
ARS shows no added benefit over placebo [12, 13].



15 Medical Treatment of Pediatric Rhinosinusitis: Focus on Intranasal and Systemic... 191

When considering antibiotic choices, one should keep in mind that over the past
one to two decades, increasing resistance to antimicrobials has emerged among the
organisms that are encountered in common upper respiratory infections in the pedi-
atric age group. Furthermore, the routine use since 2000 of the 7-valent and, more
recently, the 13-valent pneumococcal conjugate vaccine has been associated with a
decrease in recovery of S. pneumoniae and an increase in recovery of H. influenzae
[10, 14]. Extrapolating from what is known related to acute otitis media, it is esti-
mated that S. pneumoniae and H. influenzae are currently each responsible for 30%
of cases of ARS in children and M. catarrhalis for approximately 10%, also assum-
ing that a quarter of aspirates, if done, would be sterile [10]. Risk factors for the
presence of amoxicillin resistant organisms remain age under 2, recent antibiotic
usage (within 30 days) and daycare attendance. Based on the above, the first-line
treatment for uncomplicated ARS in a patient without risk factors remains amoxicil-
lin at 45 mg/kg/day administered twice daily. Double that dose can be used in com-
munities with higher incidences of S. pneumoniae resistance. In patients with severe
disease or with risk factors for resistance, high dose amoxicillin clavulanate is rec-
ommended (dosed at 80-90 mg/kg/day of the amoxicillin component) and is also
given twice daily. If the child will not tolerate PO antibiotics, ceftriaxone IV or IM
at 50 mg/kg/day given as a single dose can be dosed for 1-3 days before switching
to PO antibiotics to finish the course. Cephalosporins can be used in case of penicil-
lin allergy and the favorite choices are cefdinir, cefuroxime, or cefpodoxime [15]. In
case of lack of responsiveness and the suspicion of resistant organisms, a combina-
tion of clindamycin (or linezolid) and cefixime will provide the most comprehen-
sive coverage for resistant S. pneumoniae and H. influenzae. Quinolones could also
be used in exceptional circumstances [16]. Resistance trends of pneumococcus and
H. influenzae to trimethoprim/sulfamethoxazole and azithromycin render their use
unjustifiable in the treatment of ARS in patients with penicillin allergy [17, 18].
Duration of treatment varies widely, and a reasonable length would be for 7 days
after the disappearance of symptoms, which usually averages about 10 days of ther-

apy [10].

Chronic Rhinosinusitis There is no good evidence in the literature to support the
use of antibiotics for CRS in children. Two clinical trials conducted by the same
group do not show significant differences between treatment with placebo and sys-
temic antibiotics in children with clinical criteria commensurate with CRS [19, 20].
The EPOS 2012 guidelines conclude as follows: “available data does not justify the
use of short-term oral antibiotics for the treatment of CRS in children (Strength of
recommendation: B)” [21]. In contrast, the consensus statement by the American
Academy of Otolaryngology-Head and Neck Surgery supported the conclusion that
“20 consecutive days of antibiotic therapy may produce a superior clinical response
in pediatric CRS patients compared to 10 days of antibiotic therapy” [9]. In general
clinical practice, antibiotics are used frequently as part of maximal medical manage-
ment in children with CRS and treatment durations vary between 2 and 4 weeks. In
many of these instances, treatment targets acute exacerbations on top of pre-existing
chronic disease. The choice of antibiotics is similar to that described above for ARS.
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Intravenous antibiotic therapy for resistant CRS has been advocated as an alter-
native to surgical intervention. Few studies evaluate this option [22] and they are
limited by the presence of multiple variables that make it difficult to ascertain that
the positive effect seen in CRS was related to the I'V antibiotic use per se. Therefore,
intravenous antibiotics are not routinely advocated for the treatment of CRS in chil-
dren and are essentially reserved to treat the complications of ARS.

Intranasal Corticosteroids

Acute Rhinosinusitis The evidence for using INCS in acute rhinosinusitis is
developing. Studies in adults with acute rhinosinusitis suggest that INCS may pro-
vide an additive benefit (versus placebo) when used in addition to antibiotic therapy
[23,24].

In the pediatric age group, Barlan et al. conducted a double-blind placebo-
controlled trial in 89 children (age 1-15 years) with acute rhinosinusitis [25]. To be
included in the study subjects had to have two of three major criteria (purulent nasal
discharge, cough, purulent pharyngeal drainage) or one major and two minor crite-
ria (facial pain, periorbital edema, earache, tooth pain, sore throat, headache,
increased wheeze, fever, foul breath for more than 7 days). The children also had to
have a positive Waters radiograph with complete opacification of the maxillary
sinus or mucoperiosteal thickening >4 mm. All were treated with oral antibiotics; 43
also received intranasal budesonide (50 mcg), whereas 46 received a placebo saline
spray. Budesonide was associated with greater improvements in nasal discharge and
cough by the second week of treatment, but by the end of 4 weeks, both groups had
a comparable improvement in symptom scores. In another pediatric study, children
with ARS were treated with amoxicillin clavulanate with or without INCS and were
stratified according to allergic rhinitis status [26]. There was no added benefit of
using INCS in the patients with ARS without allergic rhinitis but in the rhinosinus-
itis with allergic rhinitis group, using an INCS improved the efficacy over the group
with antibiotics alone.

Nayak and colleagues evaluated the effectiveness and safety of mometasone
furoate nasal spray (MFNS) at two dose regimens as adjunctive treatment with oral
antibiotics for ARS in a mixed population of adults and children (8—78 years of age)
[27]. The diagnosis of ARS was made if the patients had purulent rhinorrhea with at
least one moderate/severe nasal symptom (purulent rhinorrhea, congestion, post
nasal drip, sinus headache, facial pain, cough). They also had to have the diagnosis
confirmed by a CT scan. The study was multicenter, double-blind placebo con-
trolled and enrolled 967 outpatients. All participants received amoxicillin/clavula-
nate for 21 days and either MFNS 200 mcg twice daily, MFNS 400 mcg twice daily
or placebo nasal spray as adjunctive therapy. Both doses of MENS resulted in sig-
nificantly greater improvements in total symptom score compared to placebo which
was significant by Day 4 of therapy and continued to be effective till day 21 of treat-
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ment. Of note, is that both doses of MFNS used exceed the recommended dosage
for allergic rhinitis in adults (200 mcg once daily) and children under age 12 years
(100 mcg once daily).

To investigate the efficacy of INCS as monotherapy for ARS, Meltzer and col-
leagues conducted a randomized, placebo-controlled, double-blind, double-dummy
trial in 981 patients older than 12 years with ARS [28]. Subjects were randomized
to MFNS 200 mcg once daily or twice daily for 15 days, amoxicillin 500 mg three
times daily for 10 days, or respective placebo. Subjects were recruited based on hav-
ing uncomplicated rhinosinusitis based on symptoms (rhinorrhea, postnasal drip,
nasal congestion/stuffiness, sinus headache, and facial pain/pressure/tenderness on
palpation over the paranasal sinuses) for more than 7 days. The primary endpoint
was mean (AM/PM) major symptom score over the 15-day treatment period.
Mometasone furoate nasal spray 200 mcg twice daily (twice the allergic rhinitis
dose) was significantly superior to placebo and amoxicillin at improving major
symptom score. Starting on day 2, MFNS 200 mcg twice daily improved total
symptom score throughout treatment versus amoxicillin and placebo. Although sig-
nificantly superior to placebo, MFNS 200 mcg once daily was not superior to amox-
icillin for the primary or secondary efficacy endpoints. In this study, amoxicillin
was not shown to be more effective than placebo in controlling major symptom
scores, a fact that has been previously demonstrated in placebo-controlled studies
performed in both adults [29] and children [13].

In another prospective, randomized trial, children with ARS were treated with
either antibiotics (amoxicillin clavulanate) and intranasal decongestants (xylo-
metazoline) for 2 weeks (n = 45), or large volume low pressure nasal saline + fluti-
casone propionate combination (400 mcg of fluticasone diluted in 120 ml of saline
twice daily) for 3 weeks (n = 46) [30]. Children in both treatment groups improved
at the 21-day time point compared to baseline, and there were no significant differ-
ences between the groups in clinical scores, nasal peak inspiratory flow, or the
radiologic resolution of ARS by Waters views.

Symptom scores tended to improve more quickly in the steroid irrigation group
as a reduction from baseline was statistically significant at the 7-day time point
whereas the antibiotic group symptom scores achieved significance compared to
baseline at day 14. The only concern with this study is the use of saline irrigation in
one arm but not in the other as it is conceivable that the more rapid improvement in
the group with saline/steroid irrigations occurred because of the mechanical clear-
ance effect of saline irrigation, not that of the intranasal steroid. Indeed, in children
with CRS, saline nasal irrigation alone has been shown to be effective in resolving
symptoms and CT findings of disease and the addition of gentamicin to the irriga-
tion did not yield additional benefit [7].

Thus, there is some evidence in children that INCS are effective as adjuvants to
antibiotics in the treatment of uncomplicated ARS, with one study showing the
benefit specific to patients with concomitant allergic rhinitis. In studies including
older children and adults, again the benefit of adding INCS to antibiotics was dem-
onstrated but the doses of INCS used were higher than those approved for the treat-
ment of allergic rhinitis in the pediatric age group. Finally, there is some evidence
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supporting a high dose of INCS as monotherapy in patients with uncomplicated
ARS. However, generalizing these conclusions to younger children is not justified
in the absence of more evidence.

Chronic Rhinosinusitis INCS have become an important aspect of the treatment
algorithm in light of increasing recognition of inflammation in the etiology of
CRS. In a recent survey of pediatric otolaryngologists, Beswick and colleagues
reported that 96% used nasal steroid sprays, 93% nasal saline irrigations, 91% oral
antibiotics, and 43% oral steroids for maximal medical management of CRS in
children [31]. In a similar survey of members of the American Rhinologic Society,
the most frequently used therapies for maximal medical management of CRS in
children were saline irrigation (97%), intranasal steroids (98%), oral antibiotics
(90%), and oral steroids (72%) [32].

A Cochrane review evaluated the efficacy of intranasal steroids in CRS [33].
Eighteen randomized, controlled trials were included, with a total of 2738 partici-
pants. Fourteen studies had participants with nasal polyps and four studies had par-
ticipants without nasal polyps. Only one study was conducted in children. Therefore,
most evidence is inferred from patients with nasal polyps and does show some
improvement in favor of intranasal steroids, especially as relates to the symptom of
nasal congestion. The pediatric study included in this Cochrane review was primar-
ily evaluating the safety of mometasone furoate nasal spray (MFNS) in children
with nasal polyps [34]. Subjects aged 6—11 years with bilateral nasal polyps received
MENS 100 mcg once or twice daily or placebo; those aged 12—-17 years received
MENS 200 mcg once or twice daily or placebo. Safety measures included a change
in 24-h urinary free cortisol from baseline and change in 24-h urinary free cortisol.
There were no differences between the treatment groups or placebo attesting to the
safety of the intranasal steroid. Although the study was not powered for efficacy,
information about polyp size, nasal symptoms, and investigator-evaluated therapeu-
tic response was reported. MFNS given twice daily was associated with the greatest
response in polyp size, congestion, and anterior rhinorrhea/postnasal drip. Groups
that received MFNS once and twice daily showed numerically greater improvement
in congestion compared with placebo. Moreover, subjects who received MFNS
twice daily had better investigator assessed therapeutic response compared with
those who received a placebo.

In the United States, it is the author’s experience that most children with CRS
present without nasal polyposis and the most frequent presentation of nasal polyps
in children is in the context of cystic fibrosis or allergic fungal rhinosinusitis. Thus,
the data from the above study are not very applicable to the typical presentation of
pediatric CRS in the United States. However, the efficacy of INCS in CRS with/
without polyps in adults, as well as their favorable safety profile, supports the rec-
ommendation that they be part of first-line therapy in children with CRS [9, 21].

Safety of INCS Most of the data available about the safety of INCS are from stud-
ies in patients with allergic rhinitis. The most common side effects are a result of
local irritation and include dryness, burning, stinging, blood tinged secretions, and
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epistaxis. The incidence of epistaxis with different preparations ranges from 4% to
8% over short treatment periods (2—12 weeks) with no differences between placebo
and active therapy [35, 36]. In studies carried over a year, epistaxis is as high as 20%
[37, 38]. Septal perforations are rare complications of INCS [39]. A systematic
review of 34 published articles looking at biopsy studies in patients with allergic
rhinitis or CRS using INCS did not show evidence of atrophy but a significant
reduction in the odds ratio for the development of squamous metaplasia in patients
using INCS, suggesting a favorable effect [40]. Studies in adults and children evalu-
ating effects of INCS on the hypothalamic pituitary axis show no adverse effects
[38, 41-52]. Although there has been a report of an association between the use of
INCS and the development of posterior subcapsular cataracts [53], a systematic
review of controlled trials did not demonstrate a clinically relevant impact of INCS
on either ocular pressure, glaucoma, lens opacity, or cataract formation [54]. The
effect of INCS on children’s growth has been investigated in controlled studies
using both knemometry in short-term studies (2—4 weeks) and stadiometry in long-
term (12 months) studies. A meta-analysis of eight randomized controlled trials
with appropriate controls showed that, compared to children using placebo, mean
growth was significantly lower among children using INCS in trials using knemom-
etry (n = 4) and that there was no significant growth difference in studies using
stadiometry (n = 4) [55]. The data suggest that INCS might have deleterious effects
on short-term growth in children, but the heterogeneity in the stadiometry studies
makes the effects on long-term growth suppression unclear. Therefore, when using
INCS in younger children, it is advisable to use the newer preparations that have
been approved for the younger age groups (mometasone, fluticasone) and monitor
growth carefully.

Systemic Steroids

Systemic steroids have also been used in children with CRS because of their potent
anti-inflammatory properties. Ozturk and colleagues treated children with CRS with
amoxicillin clavulanate for 30 days and with either a prednisone taper course for
15 days or placebo [56]. The steroid taper was given at the beginning of therapy.
Compared to placebo, treatment with steroids resulted in significant improvements
in CT scan score as well as symptoms of cough, nasal obstruction, postnasal dis-
charge and total symptom score. In another study, primarily performed to evaluate
mechanisms of inflammation in CRS, 30 children with asthma and CRS (mean age
9.1 years) were studied prospectively [57]. Sixteen were allergic and 14 were nonal-
lergic. CRS diagnosis was confirmed by endoscopy showing purulence in the osteo-
meatal unit. All children were treated with amoxicillin-clavulanate and fluticasone
propionate aqueous nasal spray (100 mcg daily) for 14 days; as well as a short taper
course of oral corticosteroids for 10 days (deflazacort 1 mg/kg daily for 2 days,
0.5 mg/kg daily for 4 days, and 0.25 mg/kg daily for 4 days). Nasal lavage cytokine
levels and cytology were evaluated before and after therapy. The results showed
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normalized endoscopy in 25 children after treatment, a reduction in levels of IL4 in
nasal lavages, as well as a significant reduction of the nasal inflammatory infiltrate
in all the children. Although this study showed an improvement in clinical CRS
after therapy, it is hard to glean the relative efficacy of systemic steroid administra-
tion as there was no placebo group and multiple other therapies were administered
concomitantly. Therefore, evidence is scarce in support of systemic steroids in the
treatment of CRS in the pediatric age group but using short courses is often added
to other standard therapies.

In summary, corticosteroids are potent anti-inflammatory agents and are com-
monly utilized as adjuncts in the treatment of ARS and CRS in children. Antibiotics
are frequently utilized and saline irrigations should be routinely included in the
treatment of the child with chronic sinus problems.

References

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

2. Westman M, Stjiarne P, Bergstrom A, Kull I, Toskala E, Cardell LO, Wickman M, Holmstrom
M. Chronic rhinosinusitis is rare but bothersome in adolescents from a Swedish population-
based cohort. J Allergy Clin Immunol. 2015;136(2):512-4.

3. Van der Veken P, Clement PA, Buisseret T, Desprechins B, Kaufman L, Derde MP. CAT-scan
study of the prevalence of sinus disorders and anatomical variations in 196 children. Acta
Otorhinolaryngol Belg. 1989;43(1):51-8.

4. Nguyen KL, Corbett ML, Garcia DP, Eberly SM, Massey EN, Le HT, et al. Chronic sinus-
itis among pediatric patients with chronic respiratory complaints. J Allergy Clin Immunol.
1993;92(6):824-30.

5. Wang YH, Yang CP, Ku MS, Sun HL, Lue KH. Efficacy of nasal irrigation in the treatment of
acute sinusitis in children. Int J Pediatr Otorhinolaryngol. 2009;73(12):1696-701.

6. Harvey R, Hannan SA, Badia L, Scadding G. Nasal saline irrigations for the symptoms of
chronic rhinosinusitis. Cochrane database of systematic reviews (Online). 2007(3):CD006394.

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

8. Jeffe JS, Bhushan B, Schroeder JW Jr. Nasal saline irrigation in children: a study of compli-
ance and tolerance. Int J Pediatr Otorhinolaryngol. 2012;76(3):409-13.

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

10. Wald ER, Applegate KE, Bordley C, Darrow DH, Glode MP, Marcy SM, et al. Clinical prac-
tice guideline for the diagnosis and management of acute bacterial sinusitis in children aged 1
to 18 year. Pediatrics. 2013;132(1):e262-80.

11. Falagas ME, Giannopoulou KP, Vardakas KZ, Dimopoulos G, Kara-georgopoulos
DE. Comparison of antibiotics with placebo for treatment of acute sinusitis: a meta-analysis of
randomised controlled trials. Lancet Infect Dis. 2008;8(9):543-52.

12. Kristo A, Uhari M, Luotonen J, Ilkko E, Koivunen P, Alho OP. Cefu-roxime axetil versus pla-
cebo for children with acute respiratory infection and imaging evidence of sinusitis: a random-
ized, controlled trial. Acta Paediatr. 2005:;94(9):1208-13.

13. Garbutt JM, Goldstein M, Gellman E, Shannon W, Littenberg B. A randomized, placebo-
controlled trial of antimicrobial treatment for children with clinically diagnosed acute sinus-
itis. Pediatrics. 2001;107(4):619-25.



14.

15.

17.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Medical Treatment of Pediatric Rhinosinusitis: Focus on Intranasal and Systemic... 197

Casey JR, Adlowitz DG, Pichichero ME. New patterns in the otopathogens causing acute otitis
mediasix to eight years after introduction of pneumococcal conjugate vaccine. Pediatr Infect
Dis J. 2010;29(4):304-9.

Pichichero ME, Casey JR. Safe use of selected cephalosporins in penicillin-allergic patients: a
meta-analysis. Otolaryngol Head Neck Surg. 2007;136(3):340-7.

. Grady R. Safety profile of quinolone antibiotics in the pediatric population. Pediatr Infect Dis

J.2003;22(12):1128-32.
Harrison CJ, Woods C, Stout G, Martin B, Selvarangan R. Susceptibilities of Haemophilus
influenzae, Streptococcus pneumoniae, including serotype 19A, and Moraxella catarrhalis

paediatric isolates from 2005 to 2007 to commonly used antibiotics. J Antimicrob Chemother.
2009;63(3):511-9.

. Tristram S, Jacobs MR, Appelbaum PC. Antimicrobial resistance in Haemophilus influenzae.

Clin Microbiol Rev. 2007;20(2):368-89.

Otten FW, Grote JJ. Treatment of chronic maxillary sinusitis in children. Int J Pediatr
Otorhinolaryngol. 1988;15(3):269-78.

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

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

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 Otolaryngol Head Neck Surg. 2001;127(9):1093-8.

Meltzer EO, Charous BL, Busse WW, Zinreich SJ, Lorber RR, Danzig MR, The Nasonex
Sinusitis Group. Added relief in the treatment of acute recurrent sinusitis with adjunctive
mometasone furoate nasal spray. J Allergy Clin Immunol. 2000;106(4):630-7.

Dolor RJ, Witsell DL, Hellkamp AS, Williams JW Jr, Califf RM, Simel DL, Ceftin and Flonase
for Sinusitis (CAFFS) Investigators. Comparison of cefuroxime with or without intranasal
fluticasone for the treatment of rhinosinusitis. The CAFFS Trial: a randomized controlled trial.
JAMA. 2001;286(24):3097-105.

Barlan IB, Erkan E, Bakir M, Berrak S, Basaran MM. Intranasal budesonide spray as an
adjunct to oral antibiotic therapy for acute sinusitis in children. Ann Allergy Asthma Immunol.
1997,78(6):598-601.

Wan KS, Wu WE, Chen TC, Wu CS, Hung CW, Chang YS. Comparison of amoxicillin +
clavulanate with or without intranasal fluticasone for the treatment of uncomplicated acute
rhinosinusitis in children. Minerva Pediatr. 2015;67(6):489-94.

Nayak AS, Settipane GA, Pedinoff A, Charous BL, Meltzer EO, Busse WW, et al. Effective
dose range of mometasone furoate nasal spray in the treatment of acute rhinosinusitis. Ann
Allergy Asthma Immunol. 2002;89(3):271-8.

Meltzer EO, Bachert C, Staudinger H. Treating acute rhinosinusitis: comparing efficacy and
safety of mometasone furoate nasal spray, amoxicillin, and placebo. J Allergy Clin Immunol.
2005;116(6):1289-95.

Bucher HC, Tschudi P, Young J, Periat P, Welge-Luussen A, Zust H, et al. Effect of amoxicillin-
clavulanate in clinically diagnosed acute rhinosinusitis: a placebo-controlled, double-blind,
randomized trial in general practice. Arch Intern Med. 2003;163:1793-8.

Tugrul S, Dogan R, Baki ES, Meric A, Ozturan O. The use of large volume low pressure
nasal saline with fluticasone propionate for the treatment of pediatric acute rhinosinusitis. Int
J Pediatr Otorhinolaryngol. 2014;78:1393-9.

Beswick DM, Messner AH, Hwang PH. Pediatric chronic rhinosinusitis management in rhi-
nologists and pediatric otolaryngologists. Ann Otol Rhinol Laryngol. 2017;126(9):634-9.
Beswick DM, Ramadan H, Baroody FM, Hwang PH. Practice patterns in pediatric
chronic rhinosinusitis: a survey of the American Rhinologic Society. Am J Rhinol Allergy.
2016;30(6):418-23.



198 F. M. Baroody

33. Chong LY, Head K, Hopkins C, Philpott C, Schilder AGM, Burton MJ. Intranasal steroids
versus placebo or no intervention for chronic rhinosinusitis. Cochrane Database Syst Rev.
2016;4:CD011996.

34. Chur V, Small CB, Stryszak P, Teper A. Safety of mometasone furoate nasal spray in the treat-
ment of nasal polyps in children. Pediatr Allergy Immunol. 2013;24:33-8.

35. Maspero JF, Rosenblut A, Finn A Jr, Lim J, Wu W, Philpot E. Safety and efficacy of flutica-
sone furoate in pediatric patients with perennial allergic rhinitis. Otolaryngol Head Neck Surg.
2008;138:30-7.

36. Meltzer EO, Tripathy I, Maspero JE, Wu W, Philpot E. Safety and tolerability of fluticasone
furoate nasal spray once daily in paediatric patients aged 6-11 years with allergic rhinitis: sub-
analysis of three randomized, double-blind, placebo-controlled, multicentre studies. Clin Drug
Investig. 2009;29:79-86.

37. Rosenblut A, Bardin PG, Muller B, Faris MA, Wu W, Caldwell MF, Fokkens WJ. Long-term
safety of fluticasone furoate nasal spray in adults and adolescents with perennial allergic rhini-
tis. Allergy. 2007;62:1071-7.

38. Ratner PH, Meltzer EO, Teper A. Mometasone furoate nasal spray is safe and effective for
1-year treatment of children with perennial allergic rhinitis. Int J Pediatr Otorhinolaryngol.
2009;73:651-7.

39. Lanier B, Kai G, Marple B, et al. Pathophysiology and progression of nasal septal perforation.
Ann Allergy Innumol. 2007;99:473-80.

40. Verkerk MM, Bhatia D, Rimmer J, Earls P, Sacks R, Harvey RJ. Intranasal steroids and the
myth of mucosal atrophy: a systematic review of original histological assessments. Am J
Rhinol Allergy. 2015;29:3—18.

41. Van AA, Bronsky EA, Dockhorn RJ, Grossman J, Lumry W, Meltzer EO, et al. Once daily
fluticasone propionate is as effective for perennial allergic rhinitis as twice daily beclometha-
sone diproprionate. J Allergy Clin Immunol. 1993;91:1146-54.

42. Brannan MD, Herron JM, Reidenberg P, Affrime MB. Lack of hypothalamic-pituitary- adrenal
axis suppression with once-daily or twice-daily beclomethasone dipropionate aqueous nasal
spray administered to patients with allergic rhinitis. Clin Ther. 1995;17:637-47.

43. Vargas R, Dockhorn RJ, Findlay SR, Korenblat PE, Field EA, Kral KM. Effect of fluticasone
propionate aqueous nasal spray versus oral prednisone on the hypothalamic-pituitary-adrenal
axis. J Allergy Clin Immunol. 1998;102:191-7.

44. Howland WC 3rd, Dockhorn R, Gillman S, Gross GN, Hille D, Simpson B, et al. A compari-
son of effects of triamcinolone acetonide aqueous nasal spray, oral prednisone, and placebo
on adrenocortical function in male patients with allergic rhinitis. J Allergy Clin Immunol.
1996;98:32-8.

45. Nayak AS, Ellis MH, Gross GN, Mendelson LM, Schenkel EJ, Lanier BQ, et al. The effects
of triamcinolone acetonide aqueous nasal spray on adrenocortical function in children with
allergic rhinitis. J Allergy Clin Immunol. 1998;101:157-62.

46. Galant SP, Melamed IR, Nayak AS, Blake KV, Prillaman BA, Reed KD, et al. Lack of effect
of fluticasone propionate aqueous nasal spray on the hypothalamic- pituitary-adrenal axis in
2- and 3-year-old patients. Pediatrics. 2003;112:96-100.

47. Kim K, Weiswasser M, Nave R, Ratner P, Nayak A, Herron J, et al. Safety of once-daily
ciclesonide nasal spray in children 2 to 5 years of age with perennial allergic rhinitis. Pediatric
Asthma Allergy Immunol. 2007;20:229-42.

48. Chervinsky P, Kunjibettu S, Miller DL, Prenner BM, Raphael G, Hall N, Shah T. Long-term
safety and efficacy of intranasal ciclesonide in adult and adolescent patients with perennial
allergic rhinitis. Ann Allergy Asthma Immunol. 2007;99:69-76.

49. Patel D, Ratner P, Clements D, Wu W, Faris M, Philpot E. Lack of effect on adult and adoles-
cent hypothalamic-pituitary-adrenal axis function with use of fluticasone furoate nasal spray.
Ann Allergy Asthma Immunol. 2008;100:490-6.

50. Weinstein S, Qaqundah P, Georges G, Nayak A. Efficacy and safety of triamcinolone acetonide
aqueous nasal spray in children aged 2 to 5 years with perennial allergic rhinitis: a randomized,



51

52.

53.

54.

55.

56.

57.

Medical Treatment of Pediatric Rhinosinusitis: Focus on Intranasal and Systemic... 199

double-blind, placebo-controlled study with an open-label extension. Ann Allergy Asthma
Immunol. 2009;102:339-47.

Tripathy I, Levy A, Ratner P, Clements D, Wu W, Philpot E. HPA axis safety of fluticasone
furoate nasal spray once daily in children with perennial allergic rhinitis. Pediatr Allergy
Immunol. 2009;20:287-94.

Hampel FC Jr, Nayak NA, Segall N, Small CJ, Li J, Tantry SK. No hypothalamic-pituitary-
adrenal function effect with beclomethasone dipropionate nasal aerosol, based on 24-hour
serum cortisol in pediatric allergic rhinitis. Ann Allergy Asthma Immunol. 2015;115(2):137-42.
Liu A, Manche EE. Bilateral posterior subcapsular cataracts associated with long-term intra-
nasal steroid use. J Cataract Refract Surg. 2011;37:1555-8.

Ahmadi N, Snidvongs K, Kalish L, Sacks R, Tumuluri K, Wilcsek G, Harvey R. Intranasal cor-
ticosteroids do not affect intraocular pressure or lens opacity: a systematic review of controlled
trials. Rhinology. 2015;53(4):290-302.

Mener DJ, Shargorodsky J, Varadhan R, Lin SY. Topical intranasal corticosteroids and growth
velocity in children: a meta-analysis. Int Forum Allergy Rhinol. 2015;5:95-103.

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

Tosca MA, Cosentino C, Pallestrini E, Riccio AM, Milanese M, Canonica GW, Ciprandi
G. Medical treatment reverses cytokine pattern in allergic and nonallergic chronic rhinosinus-
itis in asthmatic children. Pediatr Allergy Immunol. 2003;14:238-41.



Part IV
Surgical Treatment of Rhinosinusitis



®

Check for
updates

Chapter 16
Adenoidectomy and Sinus Lavage

Habib G. Zalzal, Chadi A. Makary, and Hassan H. Ramadan

Introduction

Chronic rhinosinusitis (CRS) is estimated to affect up to 12% of the population in the
United States, with nearly $1.8 billion spent on treating children under 12 years of age
annually [1]. Duration of sinus disease symptoms differentiates between acute rhinosi-
nusitis (12 weeks or less) and CRS (more than 12 weeks) [2]. Symptoms include nasal
blockage, obstruction, congestion, or discharge (anterior or posterior nasal drip), along-
side facial pain, pressure, and cough [2—4]. Symptomatology should also correlate with
positive findings on physical examination, nasal endoscopy, or computed tomography
(CT) scan. The pathogenesis of CRS is not fully understood but thought to be multifac-
torial [2, 3, 5]. Biofilms, viral and bacterial infections, anatomical abnormalities, and
chronic adenoiditis may contribute to this chronic disease pathophysiology [4].
Adenoid tissue, as a result of chronic adenoiditis or recurrent inflammation caus-
ing hypertrophy, can act as a bacterial reservoir and lead to symptoms similar to
CRS [6, 7]. In 2008, Shin et al. examined adenoid size and bacteriology in relation
to pediatric CRS, with bacteria isolated from adenoid tissue in 79.3% of specimens
[7]. The rate of bacterial isolation from adenoid cultures correlated with the severity
of sinus disease on Waters’ view X-ray imaging [7]. Such bacteria include
Streptococcus pneumoniae, non-typeable Haemophilus influenzae, and Moraxella
catarrhalis, which are common for both otitis media and sinusitis in both children
and adults [6]. A 2007 study by Coticchia et al. found that the surface area of the
adenoids covered by biofilm in patients with CRS (94.9%) was much higher than in
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patients who had sleep apnea (1.9%) [8]. They concluded that biofilm along the
adenoid explained the cycle of recurrent CRS despite medical therapy and recom-
mended mechanical debridement to remove the nidus of infection [8, 9].

The 2012 European Position Paper on Rhinosinusitis and Nasal Polyps (EPOS),
the 2014 American Academy of Otolaryngology (AAO) clinical consensus state-
ment on pediatric CRS, and the 2016 International Consensus Statement on Allergy
and Rhinology (ICAR) all made statements on the difficulty differentiating CRS
from chronic adenoiditis due to the similarity of presentation in young children [2,
3, 5]. The relationship between adenoiditis and pediatric CRS was proven by the
correlation of bacteria isolated from the middle meatus and the adenoid, with sig-
nificant reduction of recurrent sinusitis after adenoidectomy [6, 10]. Due to the role
that adenoids play in both chronic adenoiditis and CRS, current guidelines recom-
mend that adenoidectomy be the first-line surgical intervention for children with
either condition (Table 16.1) [2, 3, 5].

Table 16.1 Selected statements regarding adenoids and pediatric CRS

2012 European Position Paper on Rhinosinusitis and Nasal Polyps (EPOS)

Position Statement

Consensus The adenoids are a prominent contributor to CRS in young children, and there
exists a role of adenoid removal in younger children from a bacteriologic and
immunologic perspective

Consensus The most supported surgical approach to the child with CRS who has failed
maximal medical therapy is an initial attempt at an adenoidectomy with a
maxillary sinus wash plus/minus balloon dilation in the child without cystic
fibrosis, nasal polyposis, or allergic fungal sinusitis

2014 American Academy of Otolaryngology (AAQO) Clinical Consensus Statement
Position Statement

Consensus Adenoidectomy is an effective first-line surgical procedure for children up to 6
years of age with chronic rhinosinusitis (CRS)

Consensus Adenoidectomy is an effective first-line surgical procedure for children aged
6-12 years with CRS

Consensus Adenoidectomy can have a beneficial effect in patients with pediatric CRS that

is independent of endoscopic sinus surgery (ESS)

Consensus Tonsillectomy (without adenoidectomy) is an ineffective treatment for CRS

No Consensus | Adenoidectomy is an effective first-line surgical procedure for children aged
13 years and older with CRS

2016 International Consensus Statement on Allergy and Rhinology (ICAR)

Position Statement

Consensus Adenoiditis can have a very similar clinical presentation to chronic
rhinosinusitis, making differentiation difficult in the pediatric age group

Consensus Adenoidectomy should be considered a first-line therapy for medically refractory,
uncomplicated pediatric RS, given its simplicity, low risk profile, and effectiveness

Consensus Plain X-rays have no role in pediatric chronic rhinosinusitis, in patients
suspected to have sinus disease; the only mechanism to distinguish adenoiditis
from rhinosinusitis is CT scan. However, it should be reserved when surgery is
considered rather than for diagnostic purposes

Consensus Adenoidectomy alone is an effective treatment for PCRS; it is strong in
children up to 6 years old and supported through 12 years of age

Consensus The role of adenoid tissue in CRS may be obstructive and/or serve as a
reservoir for bacterial growth
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Treatment

Medical and surgical therapy for pediatric CRS is variable and wide-ranging.
Several consensus statements have attempted to pinpoint the best algorithm for
treatment of this condition [2, 3, 5]. Poorly controlled sinus disease results in sig-
nificant detriments to quality of life, particularly regarding nasal breathing, sense of
smell, and overall well-being. Finding the appropriate balance between medical and
surgical therapy for chronic sinus infections in children is important.

The anatomy of the paranasal sinuses develops throughout childhood. Uniform
surgical treatment of sinus disease is, as a result, difficult to adopt because of this
dynamically changing sinonasal anatomy. The presence of adenoid tissue in chil-
dren complicates their clinical symptomatology through chronic infection and/or
chronic hypertrophy. Chronic inflammation of the sinuses can lead to nasopha-
ryngeal lymphoid overgrowth and subsequent adenoiditis and adenoid hypertro-
phy. This interferes with upper airway airflow and can lead to the symptoms of
nasal obstruction, congestion, and rhinitis seen in patients with CRS. Compared
to adults, the presence of adenoid tissue complicates the decision-making process
in children.

Medical therapy remains first-line treatment for pediatric CRS due to its effec-
tiveness for a large percentage of patients. Optimal medical therapy differs among
practitioners, but most physicians start with oral antibiotics, nasal saline irrigations,
intranasal corticosteroid spray, and other allergy therapies [2, 3, 5, 11]. Guidelines
suggest that at least 3 weeks of antibiotics use is sufficient to determine whether a
patient’s CRS symptoms will resolve, although no good evidence exists to support
this length of therapy [2, 3, 5]. Nasal saline rinses are effective, and adherence in
children is reasonable [12]. Intranasal corticosteroid use is effective with a low risk
compared to oral corticosteroid use [4]. The majority of children will improve with
optimal medical therapy [11]. If treatment with oral antibiotics and adjunct nasal
sprays fails, surgical intervention is indicated (Table 16.2) [5].

Role of Imaging for Pediatric Chronic Rhinosinusitis

The EPOS, AAO, and ICAR consensus statements encourage a role for CT scan of
the sinuses as a main imaging modality for both children and adults with CRS [2,
3, 5]. Plain X-rays, however, are no longer recommended as these do not correlate
with CT findings in patients with CRS [3, 5]. Regarding the utility of CT scans, it
is important to realize that abnormalities may be present in the sinuses with the
absence of disease, particularly in the setting of the developing sinus [13]. CT
scans have been associated with an increased risk of leukemia and brain cancer
relative to the dose of radiation and number of studies performed [14]. Due to the
risk of radiation exposure, every effort should be made to minimize use of scans
in children [9].
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Nevertheless, CT scans are useful in differentiating CRS from chronic adenoid-
itis in children. Bhattacharyya et al. in 2004 looked at utilizing Lund-Mackay scor-
ing to determine a difference between patients with chronic adenoiditis and
CRS. From their work, children with a score of 5 or more had a high sensitivity
(86%) and specificity (85%) of having CRS [15]. Children with a CT score of 2 or
less had an excellent negative predictive value for CRS, enabling the likely diagno-
sis of chronic adenoiditis in patients with CRS-like symptoms [15].

Adenoidectomy

Adenoidectomy as an operation dates back to February 1868, when Hans Wilhelm
Meyer first described the lymphoid structure in an article entitled On the Adenoid
Vegetations in the Nasopharyngeal Cavity [16]. Its initial utility was for treatment
of otitis, and Meyer devised a sharp ring knife to fit through the nose into the naso-
pharynx. Meyer subsequently used his finger in the mouth to control cutting in the
nasopharynx [16]. While adenoidectomy has evolved significantly from its initial
debut two centuries ago, the basic technique has remained unchanged.

The current technique involves a Mclvor mouth gag placed to open the patient’s
mouth, and a nasopharyngeal mirror to examine the nasopharynx after retraction
of the soft palate with red rubber catheters [6]. Using either hot (electrocautery,
coblation) or cold (adenoid curette, microdebridement) technique, adenoid tissue
is subsequently removed with several swipes against the posterior nasopharynx
under indirect mirror visualization [6]. A 2007 survey found that the most popular
instruments currently were suction electrocautery, coblation, and then cold dissec-
tion followed by electrocautery [17]. While cold technique using adenoid curet-
tage results in less operating time, it may cause more blood loss when compared
to electrocautery or coblation [6, 17]. Although a relatively simple procedure,
significant complications, both immediate (bleeding, Grisel syndrome, or inflam-
matory torticollis) and delayed (velopharyngeal insufficiency), may occur and
should be addressed with the patient’s family prior to the procedure [6]. A small
subset of patients may require a revision adenoidectomy due to adenoid regrowth,
particularly children who underwent the procedure at a young age, have a diagno-
sis of acid reflux, or have recurrent otitis [18].

As mentioned previously, adenoidectomy reached consensus by the EPOS,
AAO, and ICAR as an effective first-line surgical treatment for children up to
6 years with CRS, with support for kids up to 12 years of age [2, 3, 5]. While previ-
ous research has shown that independent effectiveness of adenoidectomy can vary,
a 2008 meta-analysis examined clinical outcome of patients who underwent
adenoidectomy for refractory CRS [9, 19]. In this study, 69.3% of children
improved completely with adenoidectomy alone from their CRS symptoms [19].
Other studies, however, have reported a roughly 50% failure rate of adenoidectomy
for CRS [9, 20]. A 2007 retrospective analysis by Ramadan et al. found that patients
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with asthma and those with age less than 7 years were predictors of earlier failure
rate, eventually requiring salvage functional endoscopic sinus surgery (FESS) later
[20]. Gender, Lund-Mackay stage, and allergy status had no bearing on failure time
or rate [20].

Adenoidectomy is also recommended for children with chronic adenoiditis with-
out CRS, particularly in patients under 13 years [5]. When children have chronic
adenoiditis and CRS, the success rate of adenoidectomy falls significantly [21]. A
2014 study by Ramadan et al. looked at children who failed optimal medical treat-
ment of CRS. Patients were divided into two groups based on Lund-Mackay scor-
ing: children who had a CT score greater than 5 were in the chronic adenoiditis with
CRS group and those who has a CT score of less than 5 were in the chronic adenoid-
itis group. This study showed that patients with both chronic adenoiditis and CRS
had a success rate of 43% following adenoidectomy, while those with chronic ade-
noiditis alone had a success rate of 65% [21].

Similar to their 2007 study, Ramadan et al. also found an increased failure rate in
asthmatic children. Children with asthma in the chronic adenoiditis and CRS group
had a success rate of 28%, while those in the chronic adenoiditis group had a 53%
success rate following adenoidectomy [21]. The unified airway theory has led to the
idea that CRS and asthma coexist in patients at a higher frequency than the preva-
lence of each in the general population [21-23]. The sequence of disease and paral-
lel inflammatory pathways involved suggest progressive manifestations of a
common disease process affecting both the upper and lower airways [23]. Ramadan
et al. believed that when adenoidectomy alone was performed on asthmatics with
symptoms of CRS, those children usually did not have a good outcome, and revision
surgery, or FESS, was usually warranted to address their sinuses [21].

Sinus Lavage

Sinus lavage, or maxillary antral lavage, is a procedure in which a cannula is inserted
into the maxillary sinus via the inferior meatus or within the middle meatus via the
maxillary ostium. If placed correctly, nasal saline solution will irrigate and drain
secretions of the sinus. The procedure is particularly effective in patients with acute
or chronic maxillary sinusitis resistant to medical therapy [24]. In children, due to
likely intolerance of cannula placement, the procedure is recommended to occur
under sedation. While no age minimum exists, special attention is warranted during
pediatric antral lavage as the maxillary sinus floor does not reach its maximum infe-
rior dimension until around 16 years of age [25]. Insertion of the cannula towards
the suspected anatomic location of the maxillary sinus may not be consistent for all
age and gender groups [25].

Sinus lavage is frequently performed in conjunction with adenoidectomy as it
has been theorized to improve the outcome in children with CRS. Some studies
have even suggested that a postoperative course of intravenous antibiotics based on
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cultures obtained from the wash also improves outcomes [26, 27]. However, it is
questionable whether this improvement is from the sinus lavage alone, from the
intravenous antibiotics alone, or from a combination of both interventions [26, 27].

A 2008 study by Ramadan et al. analyzed 60 children who underwent adenoid-
ectomy with and without sinus lavage for CRS [28]. Children enrolled in the study
had chronic symptoms with clinical evidence (physical examination and CT scan)
of CRS for at least 6 months or more than 6 episodes of acute rhinosinusitis over a
I-year period. No postoperative intravenous antibiotics were used in this study.
Improvement was measured using postoperative questionnaire. At 1 year postopera-
tively, 87.5% of children who underwent adenoidectomy with sinus lavage improved
compared to 60.7% of patients who underwent adenoidectomy alone [28]. Children
with severe CRS based on Lund-Mackay scoring (score greater than 6) also had
similar improvement (93% vs. 60%) [28]. Follow-up study by Criddle et al. in 2008
also found similar results for the efficacy of sinus irrigation [29].

Despite the aforementioned research, few other studies have analyzed sinus
lavage as an adjunct therapy for pediatric CRS. As a result, the AAO could not reach
a consensus that the current evidence supported a role for antral irrigation in manag-
ing selected children with CRS [5].

Practice Patterns for Treatment of Pediatric
Chronic Rhinosinusitis

Referral patterns typically affect whether a CT scan would be ordered for treatment
of CRS in children. Pediatric otolaryngologists are more likely to perform adenoid-
ectomy before obtaining a scan, whereas rhinologists are more likely to obtain a
scan before any surgical treatment [30]. Additionally, pediatric otolaryngologists
were more likely to avoid use of CT imaging over the past decade compared to rhi-
nologists, but this may be likely due to practice patterns more than anything [30].

Both pediatric otolaryngologists and rhinologists were more likely to perform
adenoidectomy as part of initial surgical management. Additionally, both pediatric
otolaryngologists and rhinologists were likely to perform adenoidectomy alone ver-
sus adenoidectomy with sinus lavage. However, rhinologists on average performed
sinus lavage in conjunction with adenoidectomy more frequently than pediatric oto-
laryngologists (31% vs. 18% respectively) [30].

Table 16.2 Treatment Protocol for Children with chronic rhinosinusitis

Sinonasal Symptoms‘ ‘ Medical Therapy ‘ Surgical Therapy

Nasal - Oral Antibiotics - First Line: Adenoidectomy +
obstruction - Nasal Saline Irrigations Persistence of Sinus Lavage

Rhinorrhea - Intranasal Corticosteriod Spray = Symptomology - Depending on age
Post-Nasal drip  —————————> - Antihistamines ——————————» - +CT Scan depending on age
Pressure - Decongestants / Mucolytics and severity of symptomology
Cough - Hydration - Endoscopic Sinus

+ Facial Pressure -+ Consider Sinus Culture Surgery



16  Adenoidectomy and Sinus Lavage 209

Conclusion

There are many details to be conscious of when performing surgery upon the pediat-
ric nasopharynx and paranasal sinuses. The presence of adenoid tissue in young chil-
dren complicates treatment selection, as symptoms typically associated with CRS
could also be secondary to chronic adenoiditis. Nevertheless, three major multina-
tional committees have all agreed that adenoidectomy should be first-line therapy
after failure of optimal medical management. Although sinus lavage has efficacy in
what is in the current literature, more evidence is needed before its use can be widely
adopted, as only few rhinologists regularly use this adjunct treatment in children. As
a surgical therapy, adenoidectomy is a safe and efficacious stepping stone prior to
more invasive paranasal surgeries in children with CRS and chronic adenoiditis.

Disclosures The authors report no proprietary or commercial interest in any product mentioned
or concept discussed in this article.
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Chapter 17 )
Balloon Sinuplasty in Children

Check for
updates

Elisabeth H. Ference and Hassan H. Ramadan

Introduction

BCD devices have become an important tool in the surgical management of pediat-
ric CRS in recent years. BCD has grown tremendously in popularity since its intro-
duction in 2006, and in 2011 nearly 12% of all pediatric sinus surgery involved BCD
[1, 2]. BCD may be associated with less mucosal and anatomic disruption, therefore
minimizing synechiae formation and ostial stenosis and thus the need for postopera-
tive debridements or revision (Table 17.1). The BCD devices are single use and
disposable, and so may lead to increased surgery costs without a significant decrease
in operating room time [1, 2]. This chapter reviews the evidence for safety and effi-
cacy of BCD in pediatric patients and discusses pearls and pitfalls of the technique.

History

As with many surgical devices, BCD was first approved and used for adult patients
before being studied in pediatric patients. BCD of the frontal sinuses was initially
described by Lanza in 1993 using a Fogarty balloon, and the initial cadaveric and
clinical studies utilizing a dedicated sinus device were presented in 2005 shortly
before FDA approval [3-5]. The first long-term single-arm uncontrolled observa-
tional study, called the CLEAR study, enrolled 109 non-polyp adult patients
unresponsive to medical therapy who underwent BCD alone or using a hybrid
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Table 17.1 Advantages and disadvantages of balloon catheter dilation (BCD) devices for pediatric

patients

Advantage

Disadvantage

Less distortion of anatomy and mucosal
disruption

Cost of disposable instruments increase total cost
of procedure

Minimized synechiae formation and ostial
stenosis

Contraindicated in patients with osteoneogenesis,
nasal polyposis, or extensive mucosal disease

Decreased need for postoperative
debridements

Hybrid technique necessary in patients with
complex pneumatization patterns to avoid
worsening obstruction

Possible decreased blood loss

Surgeon must be able to perform traditional
surgery if balloon catheter dilation fails

Possible use in critically ill patients and
patients with complications of acute or
chronic sinusitis

No device available for ethmoid sinus

Surgical tool for dissection of difficult-to-
reach frontal recess cells

Poor results in patients with hypoplastic sinuses

For teenagers able to cooperate, possible use
in office setting with minimal anesthetic
requirements

Unclear efficacy in patients with
immunodeficiency or other comorbidities

Can be used as adjuvant to adenoidectomy

Unclear benefit in children compared to

endoscopic sinus surgery

method [6-8]. The cohort was initially followed for 24 weeks and in later publica-
tions for 1 and 2 years, with findings of improvement in SNOT-20 and 94% maxil-
lary, 92% frontal, and 86% sphenoid patency at 1 year [6-8]. Two randomized
controlled trials, as well as meta-analyses, found no significant difference in quality
of life or revision rate between BCD and traditional endoscopic sinus surgery, with
decreased postoperative recovery time in patients who underwent BCD [9-13].
Studies in the adult population have shown a technical success rate of 97.5%;
SNOT-20 outcome improvement at 6-, 12-, and 24-month follow-up; and statisti-
cally significant reductions in work/school days missed, physician/nurse visits, acute
infections, and antibiotic prescriptions [10]. However, the studies included patients
with limited disease severity (maxillary disease with or without anterior ethmoid
disease only) and excluded patients with polyposis, fungal disease, and deviated
septum. For example, in the XprESS study, which is one of the few to include
patients with sphenoid and frontal disease, 48% of patients had a baseline Lund-
Mackay score of less than or equal to 3 and 34% had scores between 3 and 8 [14].

Evidence in Pediatric Patients

BCD was first described for pediatric use in 2009 by Dr. Ramadan [15, 16].
Follow-up studies have sought to evaluate larger, multicenter cohorts of patients, to
define when the use of the BCD is most efficacious, and to compare it to traditional
techniques (Table 17.2).
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Safety

The safety and feasibility of BCD in pediatric patients was initially investigated in
a study of 30 children aged 4—16 years with CRS who had failed medical manage-
ment [16]. The procedure was successful in 91% of sinuses (51 of 56 attempted
sinuses), and the failures occurred in four hypoplastic maxillary sinuses and one
frontal sinus. Thirteen (43%) had concurrent adenoidectomy. There were no com-
plications or side effects. The results of this study were encouraging, except for the
case of hypoplastic sinuses. While the study utilized fluoroscopy, most BCD sys-
tems currently utilize transillumination and thus remove the risk of radiation.

Possible complications of BCD include postoperative bleeding, orbital injury,
skull base injury, and lack of improvement. Dilation in the wrong location, for
example, in a suprabullar cell or other anatomic variations of frontal recess pneuma-
tization, can lead to worsened obstruction or no improvement. A recent review of
the Department of Defense database found that 7.8% of adult patients had post-
dilation complications, most commonly bleeding or pain greater than expectation
[17]. Interestingly, two patients with the most serious complications (orbital chemo-
sis and proptosis and facial subcutaneous emphysema) had baseline Lund-Mackay
scores of 0 [17].

A study using a commercial insurance database which included pediatric and
adult patients found a BCD complication rate of 5.26% compared to 7.35% for
conventional ESS and a revision rate of 7.98% for BCD compared to 16.85% for
ESS [18]. There was no data on the severity of disease prior to surgery, which may
be the underlying cause for the higher revision rate in the ESS group. Patients aged
6 years or younger were excluded due to the high rates of adjuvant adenoidectomy.
The complication rate for patients aged 7—18 was not reported separately due to the
low number; however, there was no statistically significant difference in the odds of
complications in pediatric patients compared to older patients based on a multivari-
able regression model. Patients aging 7—12 did have lower odds of revision com-
pared to patients over 60, but there was no difference in the odds of revision between
patients aging 13—18 and older patients. Reported complications included CSF leak,
pneumocephalus, orbital complications, and severe bleeding. Therefore, these risks
should be discussed with patients and their families, especially when a frontal sinus
dilation is planned.

Efficacy

Adenoidectomy has been the initial surgical intervention in the treatment of pediat-
ric CRS and is successful in approximately 50% or greater of operated children
[19]. Removal of the adenoids may be successful due to adenoiditis or because the
adenoids serve as a bacterial reservoir. Prior studies suggested that antral irrigations
improve the efficacy of adenoid surgery, especially in patients with asthma or high
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computed tomography (Lund-Mackay) score [20]. BCD systems also allow for tar-
geted irrigation of the sinuses, and therefore it was theorized that BCD would also
improve the efficacy of adenoidectomy alone in improving pediatric rhinosinusitis
either via dilation of the sinus or by irrigation.

The first study suggesting efficacy of BCD in pediatric patients was by Ramadan
etal. in 2010 [21]. A prospective, nonrandomized study evaluated 49 children ages
4 through 11. Of the 49 children, 30 underwent BCS, and 24 of the 30 (80%) had
improvement in their symptoms after 12 months of follow-up compared with 10 of
the 19 patients (52.6%) who underwent adenoidectomy alone. In subgroup analysis
on multivariable regression, BCD was more effective than adenoidectomy in older
children, but there was no difference based on asthma status or computed tomogra-
phy score (Lund-Mackay system). Some of the patients underwent irrigation in
addition to dilation, and therefore it is not possible to discern which mechanism led
to the improvement. A multicenter study from the same year which only evaluated
patients undergoing BCD with or without irrigation found that of 32 children ages
2 through 11 who underwent BCD, 79% had moderate or significant improvement
after 12 months based on SN-5 score [15]. A third single-arm study from China
found that in 30 children, 61 of 65 (94%) of sinuses were successfully ballooned
with statistically significant improvement in visual analogue score (VAS), com-
puted tomography, and endoscopic findings 1 year after the procedure [22]. Only
BCD was performed in these patients, as those with adenoidal hypertrophy were
excluded. None of these studies had any major complications, although the last
reported synechiae in three (10%) of patients [22]. In summary, these three studies
suggest that BCD is feasible and may have better outcome than adenoidectomy
alone or offer improvement without adjunct adenoidectomy.

Further research sought to identify the utility of balloons for specific patient
populations and combined with certain adjunct procedures. Ramadan et al. exam-
ined use of balloons in children with continued chronic rhinosinusitis despite prior
adenoidectomy [23]. The study was a single-arm, prospective study of 26 children
ages 4—12 years (mean 9 years) with a mean Lund-Mackay score of 7.3 who had
persistent symptoms of chronic rhinosinusitis despite medical therapy and prior
adenoidectomy. Children had undergone an allergy evaluation, immunoglobulin
deficiency workup, and sweat chloride test when indicated. Surgical success,
defined as a decrease of more than 0.5 on postoperative SN-5 score, was achieved in
81% of children after either maxillary sinus BCD alone or a hybrid procedure (BCD
with anterior ethmoidectomy in four patients) or BCD with revision adenoidectomy
(two patients). Three patients had a contralateral ESS maxillary antrostomy for a
hypoplastic sinus or failed cannulation with the balloon device. In a separate analy-
sis which excluded patients who underwent a hybrid procedure, the change was still
statistically significant. Unpublished 3-year follow-up data of the cohort found that
78.9% of patients maintained their benefit and did not require further surgical inter-
vention for CRS [24].

The largest and most recent study of pediatric BCD was performed by Soler et al.
and was again a single-arm study but was prospective and multicenter, including
both community and tertiary referral centers. It included 50 children ages 2-21 years
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old with CRS who had failed medical management and who were followed for
6 months after surgery. All 157 sinus dilations were successful, with no device-
related complications, and 93% of patients had clinical improvement defined as a
difference of one or more on SN-5. The combination of procedures performed was
mixed, with 60% of patients undergoing concurrent procedures most commonly
adenoidectomy (42% of patients). Other adjuvant procedures included inferior tur-
binate reduction, ethmoidectomy, septal surgery, and unrelated procedures such as
tonsillectomy and tympanostomy tube placement. Eight children, all older than 12,
underwent procedures in an office setting under local anesthesia. No difference in
symptom control was identified in children who underwent BCD alone versus chil-
dren who underwent BCD with adenoidectomy, turbinate surgery, or ethmoidec-
tomy. Multivariate regression found that improvements in SN-5 scores were
maintained despite controlling for numerous factors, including the performance of
adjunctive procedures, suggesting that balloon dilation in and of itself contributes to
efficacy. Of note, there was no control group, and participants were not randomized
to procedure type; therefore, causality could not be proven [25]. Moreover, survey
data alone was used to determine improvement rather than postoperative imaging or
endoscopy [25]. Review and oversight by the FDA was provided for this study, and
data were used to obtain FDA clearance for the expanded indication for treating
maxillary sinuses in children 2 years and older and frontal and sphenoid sinuses in
children 12 years and older.

In contrast, a randomized, blinded study by Gerber and Kennedy found no differ-
ence in symptoms scores in children who underwent adenoidectomy with inferior or
middle meatal puncture with a curved 18 gauge needle versus those who underwent
adenoidectomy and BCD [26]. Both groups had aspiration and irrigation of the
sinus performed with approximately 15-25 mL of saline. The study included 25
patients between ages 2 and 12 years old who had previously failed medical man-
agement. Both groups improved in overall mean symptom scores compared to base-
line, and there was no additional benefit seen in the balloon sinuplasty group during
short- or long-term follow-up.

BCD Versus Medical Management

A nonrandomized, controlled study was performed by Wang et al. comparing BCD
to ongoing management of a cohort of 79 children aged 7—12 years in China who
failed medical therapy. All participants had been treated with at least 2 years of
medical therapy. Parents were given the choice between continued medical man-
agement and balloon catheter dilation with or without adenoidectomy.
Adenoidectomy was performed for all patients with significant nasal obstruction,
sleep symptoms, or repeated episodes of otitis media. The medically managed con-
trol group had improvement as measured by SN-5 and VAS scores at 3 months but
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no significant improvement at 12 months. The improvement in surgically managed
group remained superior to that of the medically managed group at all time points.
One patient in the surgically managed group had periorbital swelling which
resolved without sequela by the seventh postoperative day. Of note, the study did
not state what percentage of patients in the surgical group underwent adenoidec-
tomy and did not perform any statistical analysis controlling for the performance of
adenoidectomy.

BCS Versus FESS

In the adult literature, the REMODEL study comparing BCD with FESS showed
similar symptom relief in adults with CRS disease limited to the maxillary and ante-
rior ethmoid sinuses [10]. Thottam et al. compared BCD with FESS in the pediatric
population through a retrospective chart review [27, 28]. A cohort of 15 patients
underwent BCD and 16 patients FESS, with an age range of 3—17 and mean age of
9.3 years, and were followed at 2—4 weeks after the procedure then at variable
lengths 4 months or more later. Outcome was based on subjective impression of
patients per the blinded chart reviewer with success defined as improvement in one
or more preoperative sinus complaints [28]. The difference in outcome was not
found to be statistically significant, with 62.3% of ESS patients and 80% of BCD
patients reporting improvement in their overall sinus symptoms [28]. Patients who
underwent BCD had a greater decrease in reported antibiotic use compared to those
who underwent FESS [28]. A follow-up study 2 years later found that in 28 of the
original patients, there continued to be no long-term significant difference in out-
come (73.3% of FESS and 76.9% of BCD with improvement), and both groups had
significant decrease in individual symptoms and medication use [27]. The analysis
is limited by the retrospective nature of the study and its reliance on subjective
improvement based on medical record documentation.

Expanded Indications

BCD has been found to be a useful surgical tool in other situations or in cases of
difficult anatomy. It can be utilized in critically ill patients who require sinus ostia
dilation and irrigation to improve infection with minimal bleeding. It can even be
performed at bedside in the ICU setting for patients too unstable for transfer to the
operating room [29]. BCD is also an important adjunct to traditional instrumenta-
tion in patients with difficult anatomy due to superior or lateral frontal sinus cells
(Fig. 17.1). These cells can be crushed by the balloon and then the walls removed
using traditional instrumentation. This “hybrid” approach avoids an open surgical
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Fig. 17.1 (a) Triplanar view of difficult frontal bullar cell (white arrow) which can be removed
using a hybrid approach of balloon catheter dilation followed by traditional endoscopic techniques
to remove the crushed cell walls. (b) Balloon being deployed between the frontal beak and the
anterior wall of the frontal bullar cell. (¢) Visualization of the frontal sinus anteriorly and the inside
of the frontal bulla cell posteriorly before the walls of the frontal bullar cell are removed with tra-
ditional frontal instruments

approach and increases the efficiency of endoscopic surgery [30]. In the office,
BCD can also be used to alleviate postoperative stenosis and avoid revision surgery,
although this indication is limited in the young pediatric population due to difficulty
with tolerating office endoscopy and procedures [31].

Roland et al. reported on a case of BCD of the frontal sinus and intravenous
antibiotics in a 12-year-old patient with an epidural abscess who experienced com-
plete resolution of his abscess on imaging at 6 weeks without the need for craniot-
omy [32]. In cases of complications of acute sinusitis, BCD may prevent the need
for endoscopic sinus surgery and/or trephination in a severely infected and edema-
tous field. BCD allows for drainage of the infected sinus and irrigation. However, it
can be difficult to access the sinus with a guidewire in an acutely inflamed patient,
and surgeons must be able to transition to traditional endoscopic techniques if mini-
mally invasive technology fails (Fig. 17.2).
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Fig. 17.2 Example of a case of balloon catheter dilation used for complications of pediatric sinus-
itis. (a) T1 MRI showing a right frontal lobe parenchymal abscess and cerebritis associated with
right frontal extracerebral empyema (now shown) and pansinusitis. (b) Coronal CT scan with
pansinusitis. A balloon was able to be passed into the right frontal sinus, and the sinus was irri-
gated, but the balloon could not be passed into the left frontal sinus which was therefore opened
with traditional endoscopic sinus techniques. (¢) A sagittal CT scan showing complex pneumatiza-
tion of the left fontal sinus, making balloon catheter dilation difficult. Therefore, surgeons must be
prepared to use either balloon catheter dilation or traditional techniques to achieve drainage of the
sinus. (d) Follow-up coronal T1 MRI 3 months later showing bilateral clear frontal sinuses

Controversy

Controversy regarding BCD has occurred due to issues regarding reimbursement
and interaction with industry. In the adult population, BCD can be performed in the
office, and therefore a greater percentage of the fees are paid to the surgeon com-
pared to performing a similar procedure in a hospital-based operating room [6-8,
33-35]. There has been a significant increase in utilization of the technology since
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its introduction, and therefore use of the technology has faced scrutiny both by oto-
laryngologists and by payers [2, 36—40]. Two studies have found an association
between industry payments and frequency with which surgeons utilize BCD [41,
42]. However, these studies are cross sectional and cannot prove causality.

Multiple factors, including patient preference for minimally invasive techniques,
likely exist for the rapid uptake and popularity of the technology. The minimally inva-
sive technique decreases persistent parental and physician concerns regarding facial
growth. However, there have previously been multiple negative studies examining
growth after endoscopic sinus surgery (ESS) utilizing both photographic and radio-
graphic techniques, and no studies have evaluated facial growth after BCD [43, 44].

A research group led by Dr. PJ Wormald found that patients with larger maxillary
antrostomies had decreased nitric oxide levels after surgery compared to patients
with smaller ostia size [45]. Preserving nitric oxide levels within the sinuses may be
a benefit of BCD compared to ESS as nitric oxide can improve ciliary function and
maintain an antimicrobial environment [45, 46]. Further research is necessary to
determine the extent of surgery required to improve pediatric CRS.

Both the EPOS 2012 and a recent Clinical Consensus Statement have not found
conclusive effectiveness of balloon dilation in children and suggested that future
research is necessary [19, 47]. Many of the studies described above have been
single-armed, without a medically managed control group. An ideal study would
include control arms with sham procedures to control for the placebo effect. Such
rigorous studies are expensive to conduct, challenge the limits of physician equi-
poise, and face difficulties with patient recruitment due to desire for or against a
surgical intervention [48].

It is unknown whether the dilation of the sinus itself or the irrigation of the sinus
may lead to improvement in pediatric CRS. The article by Gerber and Kennedy
discussed in the efficacy section found no difference in improvement among patients
who underwent adenoidectomy with sinus irrigation via an inferior or middle meatal
window puncture with a needle versus BCD and irrigation [26]. The study is small
with only 25 patients but was powered to 80%. Further studies are therefore neces-
sary to determine if specific groups of children will most benefit from the addition
of BCD to adenoidectomy with irrigation for CRS. An epidemiology study found
that pediatric patients with asthma have greater odds of having BCD compared to
pediatric patients without asthma [1]. This practice is supported by a study by
Ramadan which reports that pediatric patients with asthma are less likely to derive
benefit from adenoidectomy alone [49]. However, a study in adult patients found
that after maxillary antrostomy, CRS symptoms of asthmatic patients improved
equally to CRS symptoms of non-asthmatic patients but only for asthmatic patients
who underwent traditional sinus surgery, not BCD [50]. It remains unclear if pedi-
atric patients with asthma and CRS would benefit more from BCD or traditional
ESS as an adjunct to adenoidectomy.

BCD may not be an appropriate choice of technique for patients with nasal pol-
yposis, antrochoanal polyposis, ciliary dyskinesia, immunodeficiency, cystic fibro-
sis, or allergic fungal sinusitis because traditional techniques with larger antrostomies
may be necessary to open the affected sinus and decrease mucosal disease burden.
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There have been no studies of BCD in these patient populations, and research is
needed regarding the role, if any, of balloon technology for these diseases.

BCD may be challenging or impossible in patients with hypoplastic sinuses,
complex pneumatization patterns, or significant osteoneogenesis [16]. Therefore, a
surgeon performing BCD should be able to perform endoscopic procedures if BCD
is unable to achieve the desired result.

Technique

In most young pediatric patients, general anesthesia is required for BCD. Teenagers
may be able to tolerate the procedure under local anesthesia. The nose is decon-
gested with pledgets and local anesthetic (either topical gel or injections). Balloons
of various diameters and lengths are available, and no studies have compared the
efficacy of competing devices. In both Acclarent Inc. (Menlo Park, CA) and Entellus
Medical (Plymouth, MN) BCD systems, initial access is obtained by endoscopic
placement of a guidewire, while the Medtronic (Minneapolis, MN) includes only
the catheter device. For maxillary sinuses, the guide catheter is inserted behind the
lower uncinate process angled toward the lateral inferior recess of the sinus in line
with the natural ostia (Fig. 17.3). For frontal sinuses, the catheter is inserted behind
the superior uncinate angled toward the superior medial aspect of the orbit
(Fig. 17.4). For the sphenoid sinus, the catheter is inserted medial to the middle
turbinate angled toward the inferior portion of the superior turbinate in line with the
ostia (Fig. 17.5). The flexible guidewire is then advanced through the catheter if the
system includes one.

Position is then confirmed with direct visualization or image guidance in case of
the sphenoid or with transillumination or image guidance for the frontal and maxil-

Fig. 17.3 For the right
maxillary sinus balloon
dilation, the guide catheter
can be seen inserted
between the uncinate
process (UNC) and the
ethmoid bulla (EB) angled
toward the natural ostia
(MT middle turbinate)
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Fig. 17.4 (a) For the right frontal sinus, the catheter is inserted behind the superior uncinated
angled toward the frontal ostia. The light of the guidewire is visible as it is threaded superiorly. (b)
Purulence was obtained with balloon dilation in this patient with right frontal sinusitis. (¢) The
sinus is further irrigated until only clear fluid is seen (UNC, MT)

Fig. 17.5 For the left
sphenoid sinus, the balloon
device is inserted medial to
the middle turbinate and
superior turbinate in line
with the natural ostia

(ST septum)
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Fig. 17.6 Position in the
frontal sinus is confirmed
with transillumination of
the forehead

lary sinuses (Fig. 17.6). For the frontal sinus, it is important to see the illumination
superiorly and/or laterally because illumination only in glabella/medial canthus
area may indicated that the wire is in a frontal cell. If illumination cannot be seen in
the maxillary sinus, the guidewire should be rotated and the upper lip should be
lifted as the illumination may occur sublabially in patients with a low maxillary
sinus floor. For the sphenoid sinus, an initial dilation can be performed in the sphe-
noethmoid recess in order to better visualize the ostia, and then the catheter and
guidewire can be advanced under direct visualization.

The balloon is advanced over the guidewire and positioned across the ostia of the
sinus. It is then inflated per the manufacturer’s instructions, and multiple dilations
can be performed. For the frontal sinus, multiple dilations can be performed using
the measurement markers on the balloon delivery device to ensure the entire frontal
recess is completely opened. For the maxillary sinus, the balloon can be partially
retracted out of the ostia and inflated to ensure that the uncinate is medialized away
from the natural ostia. Most systems also include the ability to irrigate the sinus
directly through the catheter channel once the guidewire is retracted. After inflation
and irrigation, the device is removed. Nasal packing is not necessary and is at the
discretion of the surgeon but can be used to medialize the middle turbinate if needed.

Adenoidectomy can be performed either transorally with a headlamp and mirror,
transorally using an endoscope, or transnasally using an endoscope. Anterior eth-
moidectomy can be performed at the time of BCD, both in the operating room or in
the office.

Conclusion

BCD is an important addition to the surgical treatment of pediatric CRS. Multiple
studies have found it to be a safe technique, although the efficacy compared to tra-
ditional ESS cannot be determined based on the current evidence [47]. Future
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studies are necessary to determine the long-term efficacy of BCD with and without
adjuvant procedures, to examine BCD in expanded indications such as in complica-
tions of acute sinusitis, and to analyze the comprehensive cost of the procedure.
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Chapter 18
Endoscopic Sinus Surgery for Pediatric
Patients

Judd H. Fastenberg, Michael S. Weinstock, and John P. Bent

Introduction

The role of pediatric sinus surgery in the treatment of sinusitis continues to evolve.
In the 1990s, there was growing enthusiasm that endoscopic sinus surgery (ESS)
may represent a primary treatment for pediatric chronic rhinosinusitis (PCRS).
Now, with a greater understanding of the role of medical management, the modality
is utilized more selectively. ESS is considered a safe and effective intervention for
arange of different acute and judiciously selected chronic pediatric sinus disorders.

Indications and OQutcomes

The general indications for pediatric ESS fall into several distinct categories, includ-
ing PCRS unresponsive to appropriate medical therapy, management of “compli-
cated” PCRS (such as patients with comorbid immunodeficiencies, primary ciliary
dyskinesia, and cystic fibrosis), symptomatic mucoceles, antrochoanal polyps,
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allergic fungal rhinosinusitis (AFRS), and complications of acute bacterial rhinosi-
nusitis (ABRS). The outcomes of surgical intervention vary significantly based on
these indications.

PCRS Unresponsive to Medical Therapy

PCRS, which affects approximately 8% of the pediatric population, represents the
most common indication for ESS [1]. The condition is defined as at least 90 con-
tinuous days of two or more of the four cardinal pediatric rhinosinusitis symptoms
(nasal obstruction, purulent nasal discharge, facial pain/pressure, or cough), in addi-
tion to endoscopic or radiographic evidence of disease in a patient 18 years of age
or younger [2]. Medical management of PCRS is generally tailored to the individual
patient and may include a combination of topical and systemic therapies; however,
there is no overwhelming consensus defining “appropriate” or “maximal” therapy.
In general, otolaryngologists should prescribe antibiotics of at least 3 weeks’ dura-
tion (optimally culture-guided) in combination with at least a month of continuous
daily nasal steroid spray and nasal saline rinses for difficult PCRS. This medical
regimen often obviates the need for surgery, especially when topical steroids are
administered effectively. Surgeons should also consider evaluation for both food
and environmental allergies before surgery.

The pathophysiologic contribution of chronic adenoiditis to chronic sinusitis is
well recognized, and therefore adenoidectomy plays a significant role in the surgi-
cal treatment paradigm for PCRS. Adenoidectomy alone can be an effective sur-
gical treatment for the appropriate patient. In a 2008 meta-analysis, Brietzke and
Brigger demonstrated that adenoidectomy alone led to an improvement in 70% of
patient patients with a mean age of under 6 years [3]. Ramadan et al. reported the
safety and feasibility of balloon catheter dilation (BCD) in which 51/56 sinuses
were successfully dilated. Their group later demonstrated that BCD in conjunc-
tion with adenoidectomy led to a higher percent of children with >0.5 reduction in
SN-5 than adenoidectomy alone (80% vs. 53%) at 1-year follow-up, although their
adenoidectomy alone cohort was less symptomatic, leaving the results less persua-
sive for critics [4, 5]. A subsequent prospective, multi-institutional trial of BCD for
the management of uncomplicated PCRS demonstrated a clinically and statistically
significant improvement in symptom control without any related adverse events [6].
Despite evidence of efficacy, there remains no clear definition regarding which pedi-
atric patients are more appropriate for BCD versus concomitant procedures such as
adenoidectomy, turbinate surgery, or ESS [7]. Our experience has been that PCRS
can be markedly improved by adenoidectomy alone in the vast majority of cases,
especially when PCRS exists in the setting of chronic adenoiditis with or without
adenoid hypertrophy, which is shown in Figs. 18.1 and 18.2. We do not typically
combine adenoidectomy with any sinus surgery unless the adenoid appears mini-
mally hypertrophic.
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Fig. 18.1 Adenoid
hypertrophy

Fig. 18.2 Lateral neck
X-ray demonstrating
adenoid hypertrophy
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Several studies have also demonstrated that ESS is an effective surgical treat-
ment for uncomplicated PCRS. In a 2013 systemic review, Makary et al. found that
ESS has a success rate ranging from 82% to 100% in improving symptoms and/or
quality of life with an extracted complication rate of 1.4% [8]. A separate systemic
review and meta-analysis that focused on both patients with uncomplicated PCRS
and those with disease complicated by comorbid conditions such as cystic fibrosis
and primary ciliary dyskinesia demonstrated a similar success rate of 71%—-100%
[9]. One should recognize that these relatively favorable percentages apply to care-
fully selected patients who did not respond to extensive medical therapy and that
surgery has no role as first-line treatment in PCRS.

Complicated PCRS

Certain conditions such as cystic fibrosis (CF), primary ciliary dyskinesia (PCD), and
primary immunodeficiencies may predispose patients to PCRS and complicate both
their surgical and medical management. Several studies have demonstrated that ESS
is safe in pediatric patients with CF [10] and that combined ESS and medical therapy
may help eradicate pathogenic bacteria from the sinuses of these patients and con-
tribute to improved lung function status and delay in gram-negative lung infections
[11, 12]. Similar studies have demonstrated similar ESS safety in patients with PCD,
as well as the potential benefit of ESS in eradicating pathogens from the sinuses,
which otherwise may serve as a bacterial reservoir that can contribute to secondary
lung infections [13]. Despite these positive results, surgery will not rid the patient of
their underlying vulnerability, revision surgery is commonly needed, and pernicious
symptoms typically persist, so expectations should be adjusted accordingly.

Symptomatic Mucoceles, Antrochoanal Polyps, and Fungal
Sinusitis

As with ESS in the adult population, there are several sinonasal diagnostic entities
that are appropriate for primary surgical intervention with the addition of concomi-
tant medical management. These include expansile mucoceles that can cause com-
plications such as orbital and/or skull base erosion, large obstructive antrochoanal
polyps, and AFRS (Fig. 18.3).

Complications of Acute Bacterial Rhinosinusitis

Complications of acute bacterial rhinosinusitis (ABRS) may result in devastat-
ing sequellae if not emergently managed. Emergent CT or MRI imaging should
be ordered for any patient in whom there is clinical concern for either an orbital
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Fig. 18.3 Coronal CT
consistent with left-sided
AFRS

Table 18.1 Complications of sinusitis

Intracranial Extracranial

Frontal bone osteomyelitis with abscess Preseptal cellulitis

Epidural abscess Orbital cellulitis

Subdural abscess Subperiosteal abscess
Intraparenchymal abscess Orbital abscess

Meningitis Cavernous sinus thrombosis

complication (preseptal cellulitis, orbital cellulitis, subperiosteal abscess, orbital
abscess, or cavernous sinus thrombosis) or intracranial complication (meningitis,
epidural, subdural, or intraparenchymal abscess, frontal bone osteomyelitis, and
abscess formation) (Table 18.1). The patient’s clinical status, medical history, sever-
ity of infection, and imaging findings may help differentiate patients who require
urgent surgical intervention from those who can safely undergo a trial of broad-
spectrum intravenous antibiotics and possibly avoid or delay surgery. Several ret-
rospective studies have demonstrated the safety and effectiveness of ESS in the
setting of orbital complications [14, 15]. Interestingly, a database study from 2015
investigating trends in orbital complications of pediatric rhinosinusitis in the USA
found that the prevalence of cases requiring hospitalization has decreased, while the
proportion of cases undergoing surgical intervention has increased [16].

Technique

Surgical Technique

Pediatric ESS is performed under general anesthesia with the patient supine with
the head elevated from 0° to 30°. Initial vasoconstriction is typically performed
with topical oxymetazoline (0.05%) pledgets. Proper labeling and close care must
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be taken to not inadvertently inject topical solutions. The eyes must be protected
from corneal abrasion by closing the lids with plastic tape or Tegaderm dressings;
they should be kept in the surgical field when the face is prepped and draped, so
that any movement, bruising, or swelling is immediately recognized. Sometimes
gentle palpation of the eye helps define if the lamina papyracea remains intact.
Injection of 1% lidocaine with 1:100,000 epinephrine is then typically performed
with a 25-gauge needle in several areas, including the axilla of the middle turbinate,
along the uncinate process and maxillary line, the face of the ethmoid bulla, and
the region of the sphenopalatine artery. The extent of local anesthetic injection is
largely dependent on the breadth of the planned surgery. Care should be taken to
not exceed the total amount of local anesthetic in children (7 mg/kg of 1% lidocaine
with epinephrine or 4.5 mg/kg for 1% lidocaine alone).

Maxillary Sinus

Surgery typically begins by addressing the maxillary sinus with a middle meatal
antrostomy. This may be done with either a 0° or 30° rigid endoscope, with the
latter permitting better visualization. Scope size is determined by the size of the
nasal cavity—4 mm should be used unless they will not safely fit, in which case
2.7/3 mm scopes are necessary. Uncinectomy is the first step. Proper performance
sets the tone for the remainder of the procedure and helps avoid surgical failure and
orbital or lacrimal complications [17]. Most surgeons are comfortable with vari-
ous techniques of uncinectomy, including the anterior-to-posterior “classical” tech-
nique described by Stammberger [18] or a posterior-to-anterior technique such as
the “swing door” described by Wormald [19]. The former is performed by making
an incision with the sharp end of an elevator or a sickle knife at uncinate’s insertion
into the lateral nasal wall, which should be softer in comparison to the firmer, most
anterior lacrimal bone where the nasolacrimal duct is located. The latter technique
is performed by identifying the free edge of the uncinate process and then intro-
ducing a backbiting instrument and cutting Blakesley forceps to first remove the
midsection of the bone. The posterior-to-anterior technique should be utilized in
the presence of atelectatic maxillary sinuses to avoid injury to the orbit. Once the
uncinate is removed and the natural ostium is identified, the maxillary ostium can
be enlarged to allow the surgeon to remove any maxillary sinus contents and easily
irrigate the sinus when necessary.

In most ESS for PCRS, especially children in the first decade of life, the sur-
geon should be aiming to aerate the maxillary sinus only, possibly in combination
with opening the anterior-inferior-medial surface of the ethmoid bullae. As such,
it is not always typically worth removing the entire uncinate, in that the superior
portion may remain intact. It is critical to remove the inferior uncinate to get an
adequate opening of the natural maxillary sinus ostium. Furthermore, one must be
very careful not to confuse a commonly seen patent posterior fontanelle ostium with
the natural ostium. The natural ostium is difficult or impossible to visualize with a
0° telescope, whereas a posterior fontanelle ostium is not, so if one easily sees an
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opening into the maxillary sinus with a 0° telescope, it is probably not the natural
ostium. To avoid injury to the lacrimal ducts, the natural ostium should be enlarged
posteriorly or not at all. Often removing the uncinate alone is sufficient. If the sur-
geon chooses to enlarge the ostium posteriorly, this should be done with great care,
as it is easy to inadvertently tear the sinus mucosa off the roof of the orbit, which
will collapse the sinus and its opening in a way that can be difficult to rectify. To
minimize this risk, the surgeon will often opt to sharply divide the mucosa in the
posterior aspect of the ostium.

Ethmoid Sinuses

The need for and extent of ethmoidectomy in pediatric patients is largely dictated
by the extent of disease as demonstrated by CT scan findings and patient symp-
toms. Often the uncinate is plastered against and occluding the ethmoid’s drainage
pathways, and uncinectomy alone alleviates ethmoid congestion. In other instances,
simply opening an approximate 5-10 mm window into the bullae provides ade-
quate drainage. In young children, it is rarely necessary to dissect back to the basal
lamella of the middle turbinate and even less necessary to perform posterior eth-
moid surgery.

The full extent of the ethmoid bulla should be visible following complete unci-
nectomy. The bulla can be entered with a J-curette or similar instrument, usually
inferomedially along the natural drainage pathway (Fig. 18.4). Anterior ethmoid

Fig. 18.4 Ethmoid
bullectomy
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cells are then removed with either hand instruments such as an up-biting Blakesley
forceps or carefully with a powered instrument such as the microdebrider. Retro
and/or supra-bullar cells can then be addressed if indicated, as may be the case in
adolescents or unusual cases. In the unlikely event that posterior ethmoidectomy
is performed, a J-curette or similar instrument may be placed through the basal
lamella. Care must be taken to ensure that an adequate middle turbinate strut is
maintained inferiorly to prevent instability that could contribute to postoperative
turbinate lateralization. The lamina papyracea is identified laterally. The skull base
is identified posteriorly and then is traced superiorly and anteriorly toward the
area of the frontal recess. Septations may be left along the lamina and skull base,
although the extent of removal is determined largely by the preference of the oper-
ating surgeon. Typically, the only reason to be performing comprehensive ethmoid
surgery in children would be for AFS or polyposis.

Sphenoid Sinus

The sphenoid sinus rarely needs to be addressed during ESS, even when there is
involved disease based on the CT scan. Particularly in young children, the sphe-
noid is very small and is affected by dependent drainage from the more anterior
sinuses. For children under 10 years of age, unless they have fungal debris in their
sphenoid or a suppurative complication, the sphenoid should not be addressed dur-
ing initial sinus surgery. Adolescent patients sometimes follow patterns seen with
adults, in that they may have chronic or acute sphenoid disease requiring targeted
surgical intervention. In these cases, a sphenoidotomy may be performed either
through a transnasal or transethmoidal technique. The latter is typically employed
when an ethmoidectomy is also being performed as part of the surgery. The former
is performed by first lateralizing the middle turbinate and identifying the superior
turbinate. The sphenoid os is found just inferomedially to this structure. After iden-
tification through either technique, the ostium is enlarged using instruments such
as a mushroom punch, which may necessitate partial removal of the inferior aspect
of the superior turbinate. Removal of contents and irrigation of the sinus can then
be performed. Care is taken to avoid damage to vital structures such as the carotid
artery and optic nerve, which are typically located laterally. It is critical to review
imaging and check for bony dehiscence of either structure preoperatively.

Frontal Sinus

The frontal sinus is fully developed by the age of 15. As a result, pediatric patients
will have variable degrees of sinus pneumatization and development. Frontal sinus-
itis is usually not a problem in most children with uncomplicated CRS under the
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age of 12 [20]. If the sinus is involved, as with the sphenoid, uncinectomy, possibly
with maxillary antrostomy and limited anterior ethmoidectomy, will often allow the
frontal sinuses to drain and aerate spontaneously. In these cases, one would want to
take care to remove the uncinate up to its most superior attachment, in addition to
the part that obstructs the maxillary and ethmoid sinuses. In the atypical cases when
directed frontal sinusotomy is indicated, conservative opening with either Draf I or
Draf IIA sinusotomy is typically sufficient.

Septum

Septoplasty is only performed in the case of significant obstruction, preventing
access to the sinuses or causing significant nasal obstruction. We proceed with tar-
geted and conservative septoplasty, either through an open or endoscopic technique,
but in most cases we are able to leave mild to moderate septal deviation untreated
and still obtain excellent results. Although there are favorable results of large series
of septoplasty in children, such as from Crysdale et al. who modified in the quadran-
gular cartilage through an open rhinoplasty approach, there is no consensus regard-
ing the risks of the surgery, and therefore many are reluctant to perform the surgery
given that nasal growth centers are at risk, at least hypothetically. There is no evi-
dence to suggest that isolated septoplasty will be helpful for PCRS.

Concha Bullosa

Resection of concha bullosa cells (pneumatization of the middle turbinate) may be
performed by removing the lateral aspect of the cell with either hand or powered
instruments. The surgeon should take care to sharply divide the lateral component
prior to removal to avoid trauma to the middle turbinate’s medial component or its
vertical attachment to the skull base. Similarly, one should use sharp techniques in
detaching the posterior extent of the concha bullosa to avoid tearing more tissue
than desired and risk bleeding where sphenopalatine branches course across the
lateral nasal wall.

The indication for concha excision correlates with size. Removal of the lateral
extent of the concha bullosa, especially larger cells, leads to markedly easier sinus
surgery. The concha functions like an intranasal space expander, and with its lat-
eral wall gone, the middle meatus can be several times larger than usual, which
greatly enhances visibility and maneuverability. Because removal of smaller con-
cha bullosa cells may not add much advantage and could risk middle meatal adhe-
sions, they should be approached judiciously. However, it should be noted that
there is no evidence to suggest that concha bullectomy contributes to improved
outcomes.
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Image Guidance

Image-guided surgery (IGS) is an important adjunct tool that may help surgeons
perform safer and more comprehensive sinus surgery. While it is not a substitute
for sound knowledge of anatomy, critical decision-making, or technical experi-
ence, for well-trained otolaryngologists, it may help increase surgeon confidence
and reduce fear of complications involving the orbit or brain. Although the tech-
nology has become commonplace, the use of image guidance is not mandatory or
standard of care. It is therefore used on a case-by-case basis at the discretion of the
operating surgeon. The American Academy of Otolaryngology lists seven relative
indications for use of image guidance, including the presence of distorted anatomy
(Table 18.2). Given the varying degrees of development and pneumatization of
pediatric sinuses, IGS may be particularly useful for these cases. Furthermore,
complications of ABRS such as orbital complications should also necessitate use
of the tool. On the other hand, the most common and appropriate pediatric ESS
procedures, uncinectomy with conservative middle meatal antrostomy and anterior
ethmoidectomy, benefit relatively less from image guidance. We usually do not
use IGS for these procedures and find that the challenge is not anatomic orienta-
tion but rather a very narrow space that often bleeds easily as a result of chronic
inflammation.

Postoperative Care

Patients should be instructed to start nasal saline irrigations shortly after surgery.
The use of postoperative antibiotics and steroids should be tailored to the patients
based on the clinical situation and the indication for surgery. Survey studies have
demonstrated wide variation in surgeon preferences in regard to prescribing pat-
terns [21].

Table 18.2 Position ) 1. Revision sinus surgery
statement: Intraoperative use

of computer-aided surgery

(approved 2002, revised - : -
2014) 3. Extensive sinonasal polyposis

2. Distorted sinus anatomy of development, postoperative, or
traumatic origin

4. Pathology involving the frontal, posterior ethmoid, and
sphenoid sinuses

5. Disease abutting the skull base, orbit, optic nerve, or
carotid artery

6. CSF rhinorrhea or conditions where a skull base defect is
present

7. Benign and malignant sinonasal neoplasms
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Follow-Up

Postoperative care of the sinonasal cavity is critical for optimal surgery outcomes.
This includes postoperative debridement, which may help prevent undesired sequellae
such as synechiae and early ostia closure. The main aims of debridements are to lyse
early adhesions and remove blood clot, spacers, packing, or stents placed at the time of
initial surgery. Whereas adults can frequently tolerate this procedure in the office set-
ting, most pediatric patients cannot. Surgeons should therefore be prepared to debride
pediatric patients in the operating room under general anesthesia if recovery is not
proceeding as planned and prepare parents for this possibility as part of the preopera-
tive consent. These “second look™ procedures, typically performed 2-3 weeks follow-
ing the initial surgery, were at one time common but are not frequently necessary and
therefore have fallen out of favor [22—24]. If patients allow for adequate examination
in the office and the sinonasal cavity appears to be healing well, allowing “biological
dressings” to remain in place may be the best option with continued use of moisture
and irrigations to facilitate nasal hygiene and healing. Furthermore, Ramadan et al.
demonstrated that treatment with intravenous dexamethasone during initial ESS may
reduce maxillary mucosal edema, ethmoid scarring, and incidence of maxillary ostia
closure, thus decreasing the need for second-look procedures [23].

Midface Growth

Although 12% of sinus surgeons in one study reported that they avoid performing ESS
in pediatric patients out of concern for facial growth retardation [25], several contempo-
rary studies have refuted this concern [26-28]. Early concern likely stemmed from older
evidence that other facial surgeries, such as septoplasty, cleft palate repair, and repair of
mandibular fractures, may lead to such issues [29-31]. A 1995 study by Mair et al. then
demonstrated that, in piglets undergoing unilateral sinus surgery, the ipsilateral maxil-
lary and ethmoid sinuses reached only 57% and 65% of the size of the nonoperated side,
respectively [32]. Fortunately, more recent investigations have provided reassurance that
these risks do not apply to humans. Specifically, prospective studies have demonstrated
that there is no statistically significant change in sinus volumes or cephalometric param-
eters in patients who underwent ESS compared to those who did not [26-28].

Conclusions

Pediatric endoscopic sinus surgery (ESS) is a safe and effective intervention for
select pediatric sinus disorders, including both chronic and acute conditions.
Outcomes and rates of success vary significantly, largely due to a lack of consensus
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on indications, technique, concurrent medical therapy, as well as postoperative
management. While adenoidectomy plays a critical role in the surgical treatment
of PCRS, and, more recently, BCD has generated interest and encouraging prelimi-
nary results, further study is necessary to standardize an evidence-based surgical
paradigm and to identify which pediatric patients would benefit most from surgical
intervention.
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Chapter 19
Septoplasty and Turbinate
Reduction in Children

Christian P. Soneru, Charles A. Riley, and David A. Gudis

Introduction

As in the adult patient, nasal obstruction may significantly affect quality of life and
contribute to other disease processes such as obstructive sleep apnea (OSA) in the
pediatric patient. Although there are multiple possible causes of nasal obstruction,
structural issues such as a nasal septal deviation (NSD) and inferior turbinate hyper-
trophy (ITH) are frequently discovered in the workup of a child who presents with
nasal obstruction. Nasal obstruction from any cause often leads to obligate mouth
breathing which has been associated with dental malocclusion and abnormalities of
craniofacial development [1-3]. Obligate mouth breathing caused specifically by
NSD has also been shown to be associated with craniofacial and dental anomalies
[4, 5]. The historical controversies over concern for the effects of pediatric septo-
plasty on craniofacial growth may cause apprehension for the surgeon. However,
recent research demonstrates that septoplasty performed using meticulous tech-
nique does not result in long-term craniofacial growth abnormalities. Although sep-
toplasty and inferior turbinate reduction have no role in the management of chronic
sinusitis [6], they have been shown to be very effective in treating nasal obstruction
in the pediatric patient.
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Anatomy

The septum is made of mucoperichondrial and mucoperiosteal flaps that envelope
the quadrangular cartilage and bony septum, comprised of the perpendicular plate
of the ethmoid bone, the vomer, and the crests of the maxillary and palatine bones.
The main difference between the pediatric and adult septum is in the proportion of
the septum made up of cartilage. An anatomic study has shown that the cartilagi-
nous portion of the septum reaches adult dimensions by 2 years of age, with subse-
quent growth due to expansion of the bony parts of the septum [7]. The inferior
turbinate consists of a bony core covered by mucosa and vascularized erectile sub-
mucosal tissue. It is formed by the embryonic maxilloturbinal, which develops as
a projection from the lateral nasal wall. Unlike the other turbinates, the inferior
turbinate is not considered to be of ethmoid origin embryologically. The inferior
turbinate attaches to the lateral nasal wall just below the middle turbinate, from
just posterior to the pyriform aperture anteriorly to just anterior to the choanae
posteriorly [8].

Evaluation of the Septum and Inferior Turbinate
in the Pediatric Patient

A thorough head and neck exam with particular attention to anterior rhinoscopy and
a thorough nasal endoscopy is optimal to determine the cause or causes of nasal
obstruction. Although NSD and ITH commonly contribute to pediatric nasal
obstruction, adenoid hypertrophy is often found concurrently. Furthermore, con-
genital nasal masses must be ruled out. Not all practitioners perform routine nasal
endoscopy; in a survey of pediatric otolaryngologists on the evaluation and manage-
ment of the pediatric patient with bilateral nasal obstruction, plain film was used
more frequently in younger age groups while fiberoptic nasal endoscopy was used
more often in older age groups [9]. The authors hypothesized that this was because
fiberoptic endoscopy is more difficult to perform and adenoid hypertrophy is more
likely in the younger patient (ages 3—6). If adenoid hypertrophy is suspected, a lat-
eral neck plain film may be helpful. If the examination raises concern for a nasal
mass, computed tomography (CT) scan and magnetic resonance imaging (MRI)
should also be performed.

Full evaluation of the pediatric patient who presents with nasal obstruction must
also consider allergic and nonallergic rhinitis. Allergic rhinitis is among the most
common chronic conditions of childhood [10] with well-defined clinical symptoms
and management guidelines [11, 12]. In a study of children and adolescents with
moderate-to-severe persistent allergic rhinitis who were treated with daily intrana-
sal steroids and oral antihistamines or leukotriene receptor antagonists for at least 2
months, nonresponders to medical therapy showed a higher prevalence of objective
NSD and severe ITH compared to patients who responded to medical therapy.



19  Septoplasty and Turbinate Reduction in Children 243

This study highlights the importance of appropriate follow-up, a thorough physical
exam, and a broad differential diagnosis in pediatric patients who present with nasal
obstruction [13].

Consideration must also be given to the possibility of concurrent sleep disor-
dered breathing. It has been shown that nasal obstruction may contribute to OSA
[14]. Although adenotonsillar hypertrophy is the most common cause of OSA in
children, a significant portion of children have persistent apnea or hypopnea after
tonsillectomy and adenoidectomy [15]. A subset of these patients has nasal obstruc-
tion due to an NSD and/or ITH, indicating the importance of a thorough exam prior
to embarking on surgery.

Pediatric Septoplasty: Effect on Facial Growth

Although septoplasty is one of the most common procedures performed by otolar-
yngologists on adults, it has been a controversial area in the pediatric population
because early animal studies demonstrated craniofacial growth abnormalities fol-
lowing septal resection. In a study from 1858, examining anatomic parameters after
resection of the cartilaginous nasal septum in growing animals, the hard palate was
found to be significantly shorter in the anterior-to-posterior direction [16]. In a
study several decades later, Landsberger resected the anterior septum in a young
canine model and discovered that the nasal cavity floor was higher than normal 6
months later [17], resulting in the hypothesis that growth of the septum affected the
position of the hard palate. A later study on the effects of resection of the cartilagi-
nous septum and mucoperichondrium in growing rabbits found underdevelopment
of the nasal and premaxillary bones with the extent and severity of deformity pro-
portional to the extent of the septal defect [18]. More recently, animal studies have
found no effect on facial growth if the mucoperichondrial flaps were preserved dur-
ing septoplasty, with studies performed on both canine pups [19] and growing fer-
rets [20].

Following these promising findings with mucoperichondrial flap preservation in
animal models, human studies began appearing which confirmed the lack of effect
on craniofacial growth. Both Jugo [21] and Triglia et al. [22] performed external
septoplasty in children and did not find any serious alterations on craniofacial
growth based on subjective visual assessment. Studies utilizing anthropometric
measurements provided a more objective analysis. Bejar et al. [23] compared post-
operative anthropometric measurements in 28 children who underwent external
septoplasty to normative data and found that most measurements were similar to
normal averages. Although the nasal dorsal length was decreased in this cohort post-
operatively, it is unclear if this was attributable to surgery as measurements were not
routinely made preoperatively. To build on these findings, El-Hakim et al. [24] com-
pared preoperative to postoperative measurements in 26 pediatric patients undergo-
ing external septoplasty. Although nasal dorsum length and nasal tip protrusion
were decreased postoperatively, the differences were not statistically significant.
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With regard to conservative endonasal septoplasty, one study of 44 pediatric patients
found no significant differences in anthropometric measurements compared to nor-
mal values when taken at an average of 12.2 years following surgery [25].

Pediatric Septoplasty: Indications

Based on the available research, current evidence suggests that pediatric septoplasty
with careful preservation of the mucoperichondrial flaps can be performed without
altering craniofacial growth. In addition, there is evidence that untreated obligate
mouth breathing may lead to dental malocclusion and craniofacial growth distur-
bance. Therefore, a septoplasty should be considered in the child with an NSD that
is associated with obligate mouth breathing or obstructive sleep apnea. To date,
there is no consensus based on the published data that defines the minimum age to
perform a septoplasty. However, several authors have advocated a minimum age of
five [26] or six [23, 27] years in children with severe nasal obstruction caused by
NSDs. Other studies have advocated for closed reduction of severe NSDs in the
neonatal period as malocclusion was frequently found if left untreated [5, 28]. In
neonates, NSDs can occur due to trauma in utero or during birth and may be associ-
ated with important clinical implications including failure to thrive or respiratory
distress. These can be ameliorated with closed reduction within the first few weeks
of life. Finally, with the expansion of endoscopic endonasal skull base surgery in the
pediatric population, septoplasty may be indicated for access to certain skull base
pathologies [29].

Pediatric Septoplasty: Outcomes

Several studies have evaluated outcomes after pediatric septoplasty. Dispenza et al.
performed a retrospective study of 46 patients (aged 4—12) who underwent endona-
sal septoplasty or closed septorhinoplasty and were followed for an average of
10 years [30]. Of the 16 patients with isolated NSDs, only 1 patient (6.3%) devel-
oped a recurrence postoperatively. Of the remaining patients with combined nasal
and septal deformity, a lower rate of recurrent NSD was identified in those treated
with septorhinoplasty (14.7%) relative to septoplasty alone (25%), although no sta-
tistical analysis was performed. In a study evaluating postoperative quality of life,
Yilmaz et al. followed 35 patients with a mean age of 13.4 years for 12 months after
endonasal septoplasty and found significant improvements in both nose obstruction
symptom evaluation (NOSE) and visual analog scale (VAS) [31]. A second study of
28 patients found significant improvements postoperatively in the VAS as well as in
the Sinus and Nasal Quality of Life Survey (SN-5), a quality of life instrument vali-
dated in the pediatric population [32].
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Pediatric Septoplasty: Technique

A variety of operative techniques can be utilized to correct an NSD in the pediat-
ric patient. Although closed septal repositioning does not have much use in man-
aging a deviated nasal septum in the adult patient, it may be efficacious in the
pediatric patient, particularly in the setting of an acutely displaced septum as a
result of trauma [26]. A Boies elevator or Asch forceps may be used in this situa-
tion. Targeted endoscopic septoplasty may also be performed. In the setting of
small, isolated spurs, the spur may be resected without flap elevation [26],
although resection of mucoperichondrium must be kept to a minimum. The major-
ity of septal spurs can be managed safely via an endoscopic approach with a small
mucoperichondrial flap raised over the deviated bone and cartilage only (Figs. 19.1
and 19.2). Alternatively, a standard Killian or hemitransfixion incision may be
made and a mucoperichondrial flap raised. Once the deviated cartilage is isolated,
straightening may be achieved with relaxing incisions along the convex side of
the deviation. If cartilage needs to be removed to achieve an adequate nasal air-
way, it is important to reimplant any straight pieces of bone and cartilage [24] or
to flatten or crush pieces of deviated cartilage and reimplant them between the
mucoperichondrial flaps. At the conclusion of the procedure, an absorbable quilt-
ing suture and/or Silastic splints may be used to reapproximate the mucoperi-
chondrial flaps.

Fig. 19.1 Image from a
coronal CT scan of a
pediatric patient with a
severely deviated septum
toward the left side. Patient
presented with chronic
left-sided nasal obstruction
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Fig. 19.2 An endoscopic view of the left nasal cavity demonstrating a septal deviation compro-
mising the nasal airway. This deviation can be removed safely via an endoscopic approach with a
small mucoperichondrial flap raised over the deviated bone and cartilage only. Only the deviated
cartilage and bone (red-checked area) should be removed. Any straight pieces of bone and cartilage
are replaced between the mucoperichondrial flaps. The septal bone and cartilage above the white
line are not removed. (S Septum, IT Inferior turbinate)

Surgery on the Inferior Turbinate

ITH is a very common cause of pediatric nasal obstruction (Fig. 19.3). Often found
concurrently with allergic rhinitis, medical therapy may include intranasal cortico-
steroid sprays, oral leukotriene receptor antagonists, antihistamines (oral or intrana-
sal), and immunotherapy in the appropriate patient. If medical treatments fail to
achieve symptomatic relief, surgery on the inferior turbinates may be performed,
with the goal of expanding the nasal airway while preserving the mucosa of the
turbinate to minimize crusting and preserve function. Inferior turbinate reduction
may be performed as an isolated procedure or in conjunction with adenotonsillec-
tomy, adenoidectomy, endoscopic sinus surgery, or septoplasty.

There are several surgical options to treat inferior turbinate hypertrophy. Partial
and total turbinectomy were once the procedures of choice [33] but have largely
been replaced by mucosal-sparing techniques due to the concerns for postoperative
pain, crusting, bleeding, and atrophic rhinitis [34]. Lasers have also been used for
destruction of hypertrophic mucosa of the inferior turbinate, most commonly with
the carbon dioxide (CO2) and neodymium:yttrium-aluminum garnet (Nd:YAG)
lasers. However, this technique has largely fallen out of favor given the risks of
persistent crusting, atrophy, and synechiae formation [35].
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Fig. 19.3 Coronal CT
demonstrating bilateral
inferior turbinate
hypertrophy. This patient
failed appropriate medical
therapy

Results from early studies have led to the adoption of mucosal-sparing tech-
niques. Submucosal resection is a mucosal-sparing option in which the submucosal
tissue is removed with or without bone removal. Monopolar electrocautery with
Bovie may be performed in the submucosal tissue but creates high temperatures and
often thermal damage to the mucosal layer. A more recent development is radiofre-
quency ablation, which uses a submucosal radiofrequency delivered by bipolar cur-
rent to create a plasma field that ablates soft tissue and creates necrosis at a lower
temperature, therefore preserving the overlying mucosa. As the area of necrosis
heals, the lesion contracts, leading to a reduction in size of the inferior turbinate
[36]. In addition to research demonstrating long-term benefits in adults [37], it has
been shown to be effective and safe in the pediatric population [38]. Microdebrider-
assisted inferior turbinoplasty (MAIT) is another option [39]. After the inferior tur-
binate is infiltrated with local anesthetic, a vertical incision is made at the head of
the inferior turbinate. A submucosal tunnel is then created with sharp dissection,
and a straight microdebrider is applied through the incision. Lower-profile microde-
brider blades specifically designed for this procedure have been developed (Inferior
Turbinate Blade; Medtronic Corporation, Minneapolis, MN; Fig. 19.4). The inci-
sion site is then cauterized if needed, and typically no nasal packing is necessary.

Multiple comparisons of the various surgical techniques have been performed
for managing inferior turbinate hypertrophy in the adult patient. A systematic review
and meta-analysis of studies comparing radiofrequency ablation and MAIT found
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patient improvement with both techniques, although the largest, highest-quality
studies favored MAIT [40]. For the pediatric population, there have been relatively
few studies evaluating outcomes of inferior turbinate surgery. A review of the litera-
ture performed in 2009 identified 11 articles in which turbinate surgery was per-
formed in pediatric patients with nasal congestion refractory to medical management
[41]. Each article identified in this review evaluated techniques popular at the time
of the article’s publication, with the earlier studies reporting on partial or total tur-
binectomy and the more recent studies reporting on radiofrequency ablation and
microdebrider use. Overall, 50-94% of participants improved subjectively, although
the heterogeneity of the outcome measures did not allow for meta-analysis. Since
that time, two other studies have been performed. Cheng et al. evaluated 51 children
with obstructive sleep apnea and nasal congestion due to persistent severe allergic
rhinitis refractory to medical therapy, of which 28 underwent adenotonsillectomy
(AT) alone and 23 underwent adenotonsillectomy with concurrent MAIT [42].
When compared to the cohort that underwent AT alone, the cohort that underwent
AT and MAIT showed significantly greater improvements postoperatively with
respects to apnea-hypopnea index, acoustic rhinometry, and subjective quality of
life. The second study was a retrospective review from a single academic institution
of 107 children who underwent surgery on the inferior turbinate [43]. Procedures
included radiofrequency ablation (67.3%), MAIT (17.8%), and partial turbinate
resection (19.6%). Revision inferior turbinate surgery was performed in 7.5% of all
patients with no significant difference between the surgical techniques used at the
initial procedure. Based on a telephone survey utilizing a 5-point Likert scale taken
at a median of 4.55 years after the procedure, the authors found that 70% of patients
were satisfied or extremely satisfied with the procedure, with no difference between
the various surgical techniques.

Although there is limited evidence on the long-term benefits of inferior turbinate
surgery in pediatric patients, a survey of pediatric otolaryngologists discovered that
81% of respondents performed the procedure, with 47% of preferring coblation, 16%
using MAIT primarily, and the remainder preferring other techniques [44]. This high
rate is likely due at least in part to the safety of pediatric turbinate surgery, with an
overall complication rate of around 4% based on the largest review [41]. The compli-
cations in this study consisted of intranasal synechiae (62%) and postoperative epi-
staxis (34%). Inferior turbinate reduction has also not been shown to increase the
complication rate when performed concurrently with adenoidectomy [45] or AT [46].
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Conclusion

Septoplasty and inferior turbinate reduction may be performed safely and effec-
tively in the pediatric patient with nasal obstruction due to a deviated nasal sep-
tum and inferior turbinate hypertrophy refractory to medical therapy. Historical
concerns regarding craniofacial developmental abnormalities have been allevi-
ated, as recent publications have demonstrated no effect on facial growth if muco-
perichondrial septal flaps are preserved. Proper surgical technique and patient
selection optimizes chances for a successful outcome and improved quality of
life.
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Chapter 20
Postoperative Management
of Pediatric Sinusitis

Jason R. Rudman, Douglas M. Nguyen, Mikhaylo Szczupak,
and Ramzi T. Younis

Introduction

Pediatric chronic rhinosinusitis (CRS) is characterized by at least 90 continuous
days of two or more of the following symptoms in patients younger than 18 years:
purulent rhinorrhea, nasal obstruction, facial pressure/pain, cough, endoscopic
signs of mucosal edema, purulent drainage, nasal polyposis, and/or CT scans show-
ing mucosal changes of the ostiomeatal complex [1]. Obstruction of the ostiomeatal
complex is thought to be a starting point for sinus disease in the pediatric popula-
tion, leading to negative pressure in the nasal cavity, excess mucus production, and
retention in the sinuses that leads to infection [2]. Pediatric CRS is a significant
burden on the healthcare system and patient quality of life. 8.3-9.3% of children
were found to meet clinical criteria for sinusitis by their primary pediatricians [3, 4].
In the USA alone, there are 3.7-7.5 million visits for CRS per year in patients aged
0-20 years [5].

Surgical intervention is typically reserved for CRS resistant to medical manage-
ment. Functional endoscopic sinus surgery (FESS) is a procedure meant to restore
the patency of the sinus ostia that drain the paranasal sinuses, improve airflow
through the nose, and allow for delivery of topical medications. Meta-analysis dem-
onstrates that FESS reduces CRS-related symptoms with a success rate of 92% with
low incidence of adverse events in the pediatric population [6]. Recurrence of
symptoms and the need for revision FESS are challenges to the surgical manage-
ment of CRS. Fortunately, revision FESS is rarely required in children. Ramadan
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et al. reported a revision rate of 13% in the pediatric population, with the most com-
mon reasons including adhesions, maxillary ostium stenosis, missed maxillary
sinus ostium, deviated septum, and mucocele [7]. Other risk factors include asthma,
younger age, sinonasal polyposis, and history of allergic rhinitis [8, 9].

Ensuring the best outcomes and reducing the need for revision surgery after
FESS require diligent postoperative follow-up and optimal medical management. In
fact, one of the primary goals of FESS is to allow for improved delivery of topical
sinonasal therapy. In this chapter, the authors discuss the available evidence for
optimal postoperative care after FESS including topical and systemic therapies as
well as sinonasal debridement in the pediatric patient. Special considerations in the
cystic fibrosis (CF) patient are addressed, followed by a brief discussion of surgical
complications for which to monitor in the postoperative period.

Management after Functional Endoscopic
Sinus Surgery (FESS)

Postoperative care is integral to the success of any sinus surgery and has been
shown in the adult population to optimize clinical outcomes [10]. The goals of
postoperative care in the pediatric patient with chronic sinusitis are the same as in
the adult: reduce mucosal inflammation and infection, improve short- and long-
term patient symptoms, and maintain patent nasal cavities and sinus ostia. The
challenge in the pediatric population is two-fold: (1) a lack of high-quality research
defining optimal management in the post-FESS pediatric population and (2) poor
tolerance of in-clinic nasal debridement, a standard part of postoperative care in the
adult population. Nevertheless, pediatric FESS has become a more widespread part
of pediatric CRS management over the last three decades. A growing body of
research and clinical experience has shed light on optimizing postoperative care in
the pediatric CRS population, helping to minimize the need for revision endoscopic
sinus surgery.

Topical Therapy after FESS
Nasal Saline Irrigation

Saline nasal irrigation remains a mainstay of medical management in pediatric rhi-
nosinusitis. It acts by reducing viscosity of sinonasal mucus, clearing debris and
allergens, and reducing bacterial load. A retrospective cohort study of 144 medi-
cally managed CRS pediatric patients between 2003 and 2012 showed that once-
daily nasal saline irrigation is effective as a first-line treatment for CRS by reducing
the need for FESS [11]. Once-daily saline rinses in children are well tolerated, with
greater than 90% compliance over a six-week period [12]. In the adult population,
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postoperative saline irrigations are universally recommended [13]. Six randomized
clinical trials support the use of postoperative nasal saline irrigation, showing
improved symptom scores and improved endoscopic outcomes after FESS [10,
14-18]. Less clear is the exact volume and frequency of nasal irrigation or douch-
ing. In adults, some authors suggest high-volume (250 mL) rinses starting on post-
operative day 1, frequently at first (3—6 times daily) and then reducing the frequency
after a few weeks (1-3 times daily) [19]. In children, once-daily irrigations have
shown efficacy and high tolerability in the medical therapy of CRS, making it the
currently preferred regimen for postoperative nasal saline irrigations by many sur-
geons. There is no dedicated prospective clinical trial in the pediatric population
addressing the efficacy of postoperative saline irrigations in improving outcomes or
preventing need for revision surgery, but a favorable benefit to risk ratio and excel-
lent tolerability make it an integral part of postoperative nasal care.

Nasal Saline Spray

Saline spray is commonly recommended in the postoperative period as a means of
maintaining nasal humidification to facilitate mucociliary clearance. Hypertonic
saline spray and isotonic saline spray have both shown efficacy in treating CRS in
the pediatric population [20]. Postoperative pediatric studies are limited. However,
to assess the effect of saline spray on symptomatology in the immediate post-op
period, Pinto et al. performed a prospective randomized controlled trial in adults
after FESS. Twenty adult patients received isotonic nasal saline spray, 20 received
hypertonic saline spray, and 20 used no spray. There was no significant difference in
sinonasal symptoms during the 5-day post-op study period, concluding that nasal
saline, administered as a spray, has no efficacy in improving symptoms in the imme-
diate post-op period [18].

Topical Antibiotics

In the non-cystic fibrosis (CF) pediatric population, good evidence is lacking for the
efficacy of topical antibiotics after sinus surgery in improving outcomes. A random-
ized clinical trial in 34 children with medically managed CRS compared once-daily
nasal saline irrigations to saline mixed with gentamicin over a 6-week period. This
showed over 90% adherence to each regimen over 6 weeks, with a similar increase
in quality of life scores on the Sinonasal 5 (SN-5) Survey with either regimen.
Lund-Mackay scoring of pre- and posttreatment computed tomography (CT)
showed clinically significant improvement within each group, but no statistical dif-
ference between the saline and gentamicin/saline group. The authors conclude that
due to the excellent tolerance, compliance, and effectiveness of either irrigation,
either should be used as first-line treatment in pediatric CRS. Given the lack of
clinical or radiologic improvement with gentamicin/saline compared to saline alone,
this small study fails to show any benefit in adding a topical antibiotic.
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To date, there are no prospective studies in the postoperative CRS pediatric pop-
ulation addressing topical antibiotic therapy, with the notable exception of the CF
population. Topical antibiotic rinses like tobramycin have shown some promise in
reducing the need for revision FESS in these postoperative CF patients (see section
“Topical Antibiotics”).

Nasal Steroids

Application of topical medicine through the nostrils does not imply delivery to the
sinuses. One of the goals of FESS is to increase the amount of topical rinses and
medications, including corticosteroid spray, that reaches the paranasal sinus mucosa
[21]. Sinus ostium size is an important factor for topical drug distribution [22], and
proper techniques for delivery also play a role [21].

A consensus statement on pediatric chronic rhinosinusitis by the AAO-HNSF in
2014 reached consensus that daily, topical nasal steroid sprays are beneficial adjunc-
tive medical management for CRS [1]. No pediatric study to date has specifically
examined the role of nasal steroids in the immediate postoperative period in improv-
ing surgical outcomes. However, an adult corollary meta-analysis found that adult
postoperative endoscopic scores were significantly better in the corticosteroid
group, and recurrence rates were lower in cases of CRS with nasal polyps who
underwent ESS [23]. Mometasone furoate nasal spray improves wound healing,
especially in cases with nasal polyps [24]. Steroid nasal irrigation does not induce
adverse effects related to systemic absorption, but beneficial effects of additional
steroids in saline irrigation were insignificant when measuring endoscopic score
and CRS-related quality of life improvement in postoperative adult patients [25].

Nasal steroid sprays have an excellent safety record over at least three decades of
use. Concerns about systemic absorption or growth retardation have not material-
ized. Second-generation intranasal corticosteroids that are currently in use, like
mometasone and fluticasone, have systemic bioavailability levels of less than 1%.
Side effects are typically mild and consist of epistaxis and nasal irritation, making
these medications generally well tolerated [26].

Systemic Therapy
Systemic Steroids

Consensus on the use of systemic steroids by sinus surgeons varies by type of train-
ing and years of practice [27]. A randomized control trial showed perioperative
prednisone improved endoscopic appearance in adult patients with nasal polyposis
without any adverse events [28]. Despite the evidence, standard practice of postop-
erative systemic steroids is debated. Perioperative systemic steroids should be con-
sidered for moderate to severe CRS and nasal polyposis at high risk for postoperative
complications. With care taken, a short course of postoperative systemic steroids
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could be considered to minimize mucosal inflammation during the healing process
to prevent excess mucosal edema and crusting.

Oral Antibiotics

Many authors advocate for a short course of postoperative oral antibiotics to reduce
the sinonasal bacterial load, reduce inflammation, and enhance appropriate healing
after FESS. The first-line therapy is amoxicillin/clavulanate (Augmentin). In a
patient with severe penicillin allergy, azithromycin can be considered. In those with
non-anaphylactic penicillin reaction, cefdinir is recommended [29]. Specific guide-
lines for length of treatment, dosing, or even whether antibiotics are indicated can-
not be provided due to a lack of high-quality evidence.

However, when even minimal nasal packing or splints are placed at the time of
surgery, oral antibiotics with Staphylococcus coverage are absolutely indicated for
the duration of the nasal packing to prevent the rare but life-threatening complica-
tion of toxic shock syndrome (TSS). This syndrome is characterized by fever, dif-
fuse maculopapular rash, desquamation of the palms or soles, and hypotension [30,
31]. If present, this complication typically develops within a few days of the surgery
and is treated aggressively with IV antistaphylococcal antibiotics, hydration, and
removal of any contributing foreign body like nasal packing.

Adjuvant Postoperative Oral Medications

There is debate on the efficacy of either antihistamines or leukotriene receptor
antagonists in pediatric CRS. Nevertheless, these therapies may be reasonable for
children with documented allergic rhinitis or CRS patients with asthma consistent
with continuing medical management. Treatment for allergic rhinitis before surgery
showed higher success rates postoperatively in children [32]. In adults, adjuvant
montelukast postoperatively significantly improved sinonasal outcomes, particu-
larly in cases with eosinophilic CRS with nasal polyposis and allergic fungal sinus-
itis [33]. There are no studies on postoperative effect of antihistamines or leukotriene
receptor antagonists specific to the pediatric population. Decongestants have not
reached widespread use due to concern over systemic absorption, blood pressure,
and rebound epistaxis. Intraoperatively, decongestants help to improve visualization
of the surgical field, reduce estimated blood loss, and do not confer a higher rate of
postoperative rebound epistaxis [34].

In-Office Debridement Versus “Second-Look’ Surgery

Traditionally, sinonasal debridement after endoscopic sinus surgery was considered
critical to prevent synechiae (obstructive mucosalized scar bands formed by bridg-
ing clots in the postoperative nasal cavity), to remove obstructive nasal crusting and
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mucus, as well as to optimize mucosal healing to prevent stenosis of sinus ostia. In
adults, in-clinic debridement remains the mainstay of postoperative care after FESS
and is often done 1 and 3 weeks post-op, after which there is more variability based
on surgeon preference and patient factors.

In older and cooperative children, in-clinic debridement remains an important
part of routine post-FESS care. However, nasal debridement of a young or nonco-
operative child is not recommended in the clinic setting. Some surgeons choose,
therefore, to perform sinonasal debridement under general anesthesia in the operat-
ing room as a planned “second-look™ procedure 2—4 weeks after the initial surgery.
During this second look, all crusting and thick mucus is removed, synechiae are
lysed, nasal packing is removed, and stenosed sinus ostia may be widened.

Despite these advantages, the value of a second-look procedure has been called
into question. The additional trip to the operating room requires a second session of
general anesthesia, the negative effects of which have been suggested recently in the
anesthesiology literature [35]. Together with the additional consequences of the
financial cost and time away from school, the routine practice of a second look has
been called into question since 1997 when Mitchell et al. showed equivalent short-
term symptom outcomes (12.1 months, range 622 months) in 50 consecutive pedi-
atric patients undergoing FESS in 1994-1995 who subsequently did or did not
undergo a second look [36].

Data on outcomes after ESS debridement differs between adults and pediatrics.
In adults with CRS, multiple level 1b studies show that routine postoperative sino-
nasal debridement significantly improved symptoms and endoscopic outcomes.
Based on the body of evidence, postoperative debridement is recommended in
adults [37-39]. On the contrary, the pediatric literature has several studies that dem-
onstrate postoperative debridement to be not necessary in children and to have no
improvement in long-term surgical success rates [36, 40]. In 2014, an AAO-HNSF
consensus statement concluded that “postoperative debridement after ESS for
Pediatric CRS is not essential for treatment success.” Surgeons may consider a more
selective approach to second-look nasal debridement in children at higher risk for
surgical failure, like those with CF, immotile cilia, and immunodeficiencies and
those undergoing revision sinus surgery [36].

Cystic Fibrosis: Postoperative Management

Children with CF and immotile cilia syndrome frequently suffer from CRS that is
resistant to medical management due to thick secretions and poor mucociliary
clearance. Therefore, many will undergo FESS. At the time of surgery, many
authors recommend more extensive operations than would typically be performed
in children with uncomplicated CRS. Endoscopic maxillary mega-antrostomy or
medial maxillectomy allows for large antrostomies to facilitate gravity-dependent
mucus clearance and improve delivery of postoperative topical medications [41,
42]. The pathophysiology, treatment, and outcomes of pediatric CRS in CF are
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sufficiently different from non-CF CRS to warrant a separate discussion of postop-
erative treatment strategies.

Second-Look Procedure

As discussed in section “In-Office Debridement Versus “Second-Look™ Surgery,”
second-look procedures have fallen out of favor in most pediatric CRS patients;
however, none of the studies looked specifically at patients with CF; caution must
be taken in applying the conclusions from non-CF patients to this group with its
unique pathophysiology. Therefore, no recommendation can be provided at this
time on the utility of a second-look debridement in the pediatric CF population [43].

Postoperative Topical Therapy
Saline and Corticosteroids

Multiple noncontrolled case seriesreport postoperative use of saline irrigation,
saline spray, and topical intranasal corticosteroids as routine part of care after FESS
in CF patients. In CF patients that have undergone lung transplantation, chronic
sinonasal Pseudomonas colonization and infection predispose to allograft infection.
Holzmann showed that in these patients, FESS followed by daily nasal isotonic
saline irrigation significantly reduced the incidence of pneumonia and tracheobron-
chitis [44]. No control was incorporated, so the role of postoperative saline cannot
be extrapolated from this study.

To date, there have been no controlled studies in the CF population for these
therapies. However, given the overall safety, tolerance, and proven efficacy in the
non-CF FESS population, nasal saline irrigations and intranasal corticosteroid
sprays remain a mainstay of postoperative therapy.

Topical Antibiotics

Several case series without controls in the adult and pediatric CF literature show
good results with post-FESS topical irrigations with antibiotics like tobramycin
(80 mL/250 mL normal saline) but with no comparison group [45]. Controlled stud-
ies examining the efficacy of topical antibiotics in this population are lacking.

One case series including both children and adults with CF has demonstrated inter-
esting results with endoscopic sinus surgery and serial antimicrobial lavage (ESSAL)
with 40 mg tobramycin (1 mL) [46]. In this approach, irrigation catheters are placed
in each maxillary antrostomy during FESS, and the catheter is sutured to the floor
of the nasal vestibule, with one end exiting the nare through which antimicrobial
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irrigations can subsequently be delivered three times daily for the first 7-10 days after
sinus surgery. At the first follow-up clinic visit, the catheters are removed and the
patient continues normal postoperative topical nasal saline use. If symptoms persist or
recur, a catheter is replaced in the maxillary sinus for another 7-10 courses of lavage.
CF patients undergoing ESSAL showed a significantly decreased need for repeat sur-
gery compared to controls at both 1 year (10% vs 47%) and 2 years (22% vs 72%)
after surgery. The results are promising in that they demonstrate efficacy of sinonasal
lavage in reducing or delaying the need for revision surgery; a serious limitation in the
pediatric group however is the presence of a catheter that extends out of the nose and
may be poorly tolerated by children and certainly will be difficult to replace in the
clinic if symptoms persist or recur after removal of the initial catheter. Additionally,
with no direct comparison arm, the benefit of the topical antibiotic cannot be assessed
compared to saline lavages alone.

Dornase Alfa

Extracellular DNA from lysed neutrophils may contribute to the high viscosity of
sinonasal mucus in CF patients with CRS. When applied topically to the nasal cav-
ity, recombinant human deoxyribonuclease, or dornase alfa, reduces mucus viscos-
ity by cleaving extracellular DNA in sinonasal secretions. It has shown significant
pulmonary improvement when used as a nebulizer in children with CF [47].

A case series of twenty CF patients who underwent FESS, five of whom subse-
quently received inhaled dornase alfa (age range 11 years to 25 years), showed that
dornase alfa may lead to fewer revision surgeries over a 3-year period. There was no
change in pulmonary function tests between the two groups [48].

To better determine the benefit of post-FESS dornase alfa in CF patients, Cimmino
et al. performed a double-blind, randomized clinical trial in 24 CF patients, includ-
ing adults and children, after FESS. Half were randomized to receive 2.5 mg of
inhaled dornase alfa nasally, while the other half received inhaled hypotonic saline.
Therapy was initiated 1 month after surgery for a 12-month period. The authors
found that the dornase alfa group had significant improvement in nasal symptoms
and endoscopic appearance at both 24 and 48 weeks compared to control. The
authors conclude that dornase alfa is safe and effective at 1 year after surgery [49].

In summary, dornase alfa may be considered a tool for extending the effects of
FESS in children with CF. The cost-effectiveness and long-term benefit remain
unknown [43].

Topical Gene Therapy

Gene therapy shows promise as a near-future strategy for the treatment of CF by
introducing normal CF transmembrane conductance regulator (CFTR) into the
affected epithelium. A phase II randomized, double-blind, placebo-controlled clini-
cal trial introduced an adeno-associated CFTR viral vector—tgAAVCF—into a
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maxillary sinus of 23 post-FESS CF patients, with the other maxillary sinus receiv-
ing placebo. At 3 months, the therapy was shown to be safe. Disappointingly, the
results at 3 months posttreatment showed equivalent outcomes in the treated group
and placebo group based on rate of relapse of recurrent sinusitis. At the time of
publication, no definitive evidence supports topical gene therapy for treatment of
chronic sinusitis in children with CF [50].

Postoperative Systemic Therapy
Oral Steroids and Oral Antibiotics

Postoperative use of culture-directed oral antibiotics and, to a lesser extent, oral
steroids is common for CF patients [41, 51, 52]. Most studies addressing these ther-
apies are case series without corresponding controls. Evidence-based recommenda-
tions on systemic steroids and antibiotics after FESS in CF patients cannot be
provided at this time due to a lack of quality studies.

IV Antibiotics

A relatively large prospective, non-randomized, uncontrolled clinical trial demon-
strated that an aggressive regimen of FESS and postoperative adjuvant therapy
(2 weeks of antipseudomonal IV antibiotics followed by 6 months of topical antibi-
otic nasal irrigations) was effective in reducing the frequency of pulmonary CF
pathogen colonization 1 year after surgery. With no comparison arm, the exact role
of FESS, IV antibiotics, and topical antibiotics cannot be determined from this
study [53].

Oral Antihistamines and Decongestants

Oral antihistamines and decongestants are generally discouraged as they may
increase the viscosity of mucus and decrease mucociliary clearance, exacerbating
the underlying cause of disease in this patient population.

Avoiding Triggering Factors in the Postoperative Period

Pediatric CRS is a medical disease with complex and myriad underlying causative
factors. With this in mind, the aims of surgery are largely to allow for improved
medical management of the underlying disease. Integral to surgical success is treat-
ment of the underlying disease and avoidance of predisposing factors.
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Second-Hand Smoke and Environmental Irritants

Secondhand smoke and environmental irritants predispose to recurrent sinus infec-
tions by impairing sinonasal ciliary function [54]. Both asthma and rhinosinusitis
occur more frequently in children exposed to tobacco smoke. FESS in children
exposed to secondhand smoke has worse outcomes [40]. Therefore, in addition to
preoperative avoidance, the importance of smoking cessation and avoidance in the
postoperative period must be imparted to the child’s guardians.

Allergic Rhinitis

Referral for allergy testing and immunotherapy should be considered if allergic
rhinitis is suspected to contribute to the child’s CRS. This is often done prior to
surgery but can be considered after FESS.

Gastroesophageal Reflux Disease (GERD)

Gastroesophageal reflux disease is found in 63% of pediatric patients with CRS,
showing a high association but lacking definitive causality. The exact relationship
remains a contentious debate. Treatment of reflux has been found to be effective in
reducing sinus disease [55]; however, no causal relationship was shown in random-
ized, controlled studies in the pediatric CRS population [56]. A recent consensus
statement by a nine-member panel of fellowship-trained pediatric otolaryngologists
or rhinologists published by AAO-HNSF in 2014 states, “Empiric treatment for
GERD is not a beneficial adjunctive medical therapy for (Pediatric) CRS.” The
panel did not reach consensus regarding a contribution of GERD in the pathogene-
sis of CRS in the pediatric population [1].

Conclusion

Functional endoscopic sinus surgery has been an effective tool in treating pediatric
sinusitis refractory to medical therapy. Additionally, postoperative care is of the
utmost importance to bridge surgical therapy with future medical treatment for
chronic rhinosinusitis. The goal in the postoperative period is to shorten recovery
time and improve patient’s sinus disease. Close follow-up and continuing medical
management are two essential aspects to realize these goals. The extent of pediatric
sinus surgery varies based on anatomy, etiology, and symptoms. As such, postopera-
tive care must also be personalized. The clinician should assess the benefits and
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risks of postoperative topical and systemic options to maximize the results of endo-
scopic sinus surgery while minimizing the risk for revision surgery.

An important part of postoperative counseling is to remind parents that the child
will still have viral URIs periodically, which have overlapping symptoms with
CRS. These URIs do not imply surgical failure.

The lack of high-quality postoperative pediatric studies for chronic sinusitis is
an obstacle in assessing the best methods for care in the postoperative period.
Further research is needed to refine the extent of benefit and risk these options may
give.
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Chapter 21 )
Failure of Surgical Treatment in Children
with Chronic Rhinosinusitis

Check for
updates

Anne S. Lowery and Frank W. Virgin

Introduction

Chronic rhinosinusitis (CRS) in the pediatric population is a taxing problem emo-
tionally, behaviorally, and financially, not only for the patient but also for family
members [1]. Otolaryngologists often turn to surgical management of CRS follow-
ing the failure of maximal medical management. The goals for surgical manage-
ment of CRS in children are to improve quality of life, alleviate sinus symptoms,
and prevent complications including anosmia, sepsis, orbital or intracranial abscess,
cavernous sinus thrombosis, and meningitis [1]. In patients with cystic fibrosis, pri-
mary ciliary dyskinesia, and reactive airway disease, an additional goal of aggres-
sive surgical management of CRS is improving pulmonary function [2].

There is growing support in the literature for adenoidectomy and functional
endoscopic sinus surgery (FESS) for the management of pediatric chronic rhinosi-
nusitis (CRS) that is refractory to medical management. Promising data show that
surgical interventions have positive effects not only on symptoms but also on
patient-reported quality of life [3-5]. However, despite the known benefits of surgi-
cal management of CRS, surgical failures do occur.
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Definition of Failure

The failure of surgical management for children with CRS can be defined as failure
to improve sinonasal symptoms, quality of life, the need for revision surgery, and
disease recurrence.

Chronic rhinosinusitis is commonly associated with nasal obstruction, facial
pain and pressure, postnasal drip, headache, and cough. Quality of life measures
describe the net consequence of associated illness on physical, social, and emo-
tional well-being [6]. Quality of life measures are more commonly being used to
evaluate the overall impact of a disease process on a patient and to evaluate the
benefits of treatment. Several instruments have been utilized to assess the effective-
ness of surgical CRS management in children [7]. However, the SN-5 is the only
CRS quality of life instrument validated in pediatric patients [8]. Failure to improve
subjective symptoms or objective quality of life measures, as reported by the patient
or caregiver, is considered a failure of surgical management.

Revision surgery is defined as any further surgical intervention for CRS after the
primary operation. This can include secondary adenoidectomy, nasal polypectomy,
or revision FESS. A large national retrospective study conducted by Chaaban et al.
assessed a total of 16,040 patients, both pediatric and adult, with CRS between 2011
and 2014 and found that the 6-month revision rate was 16.85% for FESS [9].

Recurrence of disease is defined as the return of CRS symptoms after a period of
disease remission. Recurrence may also be based on endoscopic findings postopera-
tively, which include purulent nasal discharge, crust, synechiae formation, and
recurrent polyps.

In children with cystic fibrosis (CF), primary ciliary dyskinesia (PCD), and
asthma, a goal of surgery, in addition to improvement of symptoms and overall qual-
ity of life, is improvement in pulmonary function [10]. Failure to improve pulmo-
nary function is also considered a failure of surgical management in this patient
population [11].

Patient Groups at Risk for Failure

Multiple factors have been shown to increase the risk of surgical failure. While sur-
gical success has been reported to be between 71% and 100%, children with sys-
temic or genetic diseases are often excluded from analysis [12—14]. Surgical failure
is often a reflection of the difficulties of underlying disease and condition.

Smoke Exposure

Cigarette smoke has a negative impact on mucociliary clearance in the sinuses
leading to sinusitis [15]. A retrospective study over 10 years by Siedek et al. eval-
uated the outcomes of FESS. The analysis found that children and adolescents
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who started or continued to smoke had significantly worse symptom outcomes
when compared to their non-smoking counterparts [4]. Negative effects of smok-
ing on surgical success is not only limited to primary exposure. Ramadan et al.
found that children with secondary smoke exposure had a 70% symptom resolu-
tion following FESS, compared to 90% symptom resolution in children not
exposed to smoking [16]. In addition, Kim et al. found that when assessing for
recurrence or persistence of disease 6 months postoperatively using endoscopic
findings, children with indirect smoking exposure had significantly poorer out-
comes [17].

Age

Surgical failure has been demonstrated to occur earlier and more frequently in
younger children. Chan et al. conducted a retrospective review of children with
prior sinus surgery who were referred to a subspecialty sinus clinic. A total of 217
patients were seen during the study time. Fifteen patients had surgery prior to pre-
sentation to the clinic. Fourteen patients had sufficient data for analysis. In this
small group, they found that children who had their first procedure at an age
<4.8 years were more likely to require additional surgical management [18].
Similarly, Ramadan in a retrospective review found that children who were 6 years
and younger had a 20% revision rate compared to 9% in children who were 6 years
and older. In this study, 17 of the 23 children who required two or more revisions
were under 6 years old, suggesting that younger children have higher incidence of
surgical failure and more revisions overall [19]. Additionally, another study by
Ramadan et al., investigating adenoidectomy failure, found that children younger
than 7 years had a mean adenoidectomy failure time of 15 months compared to
27.5 months for those older than 7 years. Younger children under age 7 were more
likely to require salvage FESS earlier than children older than 7 years [20]. Chan
et al. hypothesized that the anatomic site of failure is the osteomeatal complex
(OMC). In younger children, the small distance between adjacent structures, com-
bined with postsurgical edema of mucosal surfaces, may be more likely to lead to
synechiae formation and persistent inflammation [18].

Asthma

In children with chronic rhinosinusitis, 35-65% also have concomitant asthma
[21]. Asthma and CRS have been characterized pathologically by eosinophilic
inflammation involving the respiratory mucosa [21]. In a prospective study by
Ramadan evaluating adenoidectomy versus FESS, and versus a combination of
adenoidectomy and FESS, asthmatic children had a 62% success rate after surgery,
compared to 80% overall success in children without asthma. When independently
evaluating the different surgical methods, asthmatic children had worse outcomes
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with adenoidectomy alone, 37% success versus 65% in non-asthmatic counterparts.
Similar success rates were achieved with FESS alone or FESS and adenoidectomy,
71% versus 79% and 82% versus 90%, respectively [14].

Allergic Fungal Sinusitis

Children with allergic fungal sinusitis (AFS) have a hypersensitivity to fungi. This
patient group has been found to have an increased need for revision surgery. In a
study by Younis et al., evaluating patients with AFS, 22% of patients required revi-
sion surgery and 19% of those required a second revision surgery [22]. These revi-
sion rates are higher than the national average published by Chaaban et al. [9].

Cystic Fibrosis

Surgical intervention in the CF population is focused not only on improving over-
all symptoms and quality of life but also on pulmonary function and exacerbations.
Although sinus surgery has demonstrated a positive effect on symptoms and qual-
ity of life, surgical intervention has not clearly demonstrated a positive impact on
pulmonary function [3]. Madonna et al. investigated the pulmonary status of CF
patients after sinus surgery and found that there was no significant improvement
[23]. In addition, Rosbe et al. found that in CF patients, there was no change in the
postoperative oral or inhaled steroid use and no change in pulmonary function as
measured by forced vital capacity (FVC) and forced expiratory volume in the first
second of expiration (FEV,) [24]. Similarly, Osborn et al. noted no change in pul-
monary function post FESS [25]. Finally, Fetta et al. found that polyp recurrence
was 30.7% in the general pediatric population but reached 75% in children with
CF [26].

Cilia Motility Defect

Ciliary dysfunction, such as in Kartagener’s syndrome or primary ciliary dyskinesia
(PCD), impairs mucociliary clearance and increases the susceptibility to rhinosinus-
itis [27]. Younis et al. found that every patient with immotile cilia syndrome required
repeat surgery 3—5 years after the first operation [28]. Alanin et al. in a prospective
study investigated the effect of FESS on symptoms of CRS in the PCD population.
They found that while there was a significant improvement in sinonasal symptoms
as assessed by the SNOT-22 score, there was no difference in pulmonary function,
assessed via FEV, and FVC, pre- and post surgery.
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Immunodeficiency

Children with immunodeficiency, either inherited or acquired, have extremely poor
surgical outcomes. Despite being on maximal medical therapy, prophylactic antibi-
otic therapy, and intravenous immunoglobulin therapy (IVIG), 83% of children who
are immunosuppressed required revision surgery within 3-5 years after the first
FESS [28]. Ritter et al., in a retrospective cohort of 34 immunosuppressed children
with underlying malignancies who underwent FESS for acute rhinosinusitis, found
19 of 34 had acute invasive fungal rhinosinusitis (AIFR). Fifty-six percent of those
patients died at the end of follow-up, at an average of 30 months, with 10 mortalities
directly attributed to their infections. Despite aggressive diagnostic and therapeutic
approach with empirical antifungal therapy and immediate FESS based on imaging
findings and high clinical suspicion, outcomes were poor with high mortality espe-
cially in those with AIFR [29]. In a study with Yakirevitch et al., evaluating the
outcomes of surgery for pediatric AIFR found that patients underwent an average of
two endoscopic procedures and 4 of 13 patients underwent open surgery [30].

Methods for Reducing Failure

Surgical failures in the management of pediatric CRS occur. Through preoperative
identification of risk factors, appropriate goals and expectations of surgery can be
set. A thorough evaluation of the patient, including environmental exposures,
genetic disorders, and systemic illness, is crucial to ensuring mutual understanding
between the surgeon, patient, and guardian.

There is no consensus on the appropriate postoperative management of pediatric
patients following FESS. A variety of treatments have been utilized in an attempt to
improve postoperative outcomes. These include perioperative steroids, postopera-
tive steroids and antibiotics, stents, nasal irrigations, and second-look procedures. A
more conservative approach to postoperative care may achieve similar results as
compared to more aggressive approaches such as through a second-look endoscopy
under general anesthesia [31].

Postoperative care is likely important in determining surgical outcomes; how-
ever, evidence for this is limited in the pediatric patient population. Intranasal pack-
ing is frequently utilized in an attempt to prevent postoperative hemorrhage and
synechiae formation between the middle turbinate and lateral nasal wall. Kimmelman
et al. compared hyaluronic acid packing versus no packing in 10 patients requiring
bilateral FESS. The primary outcomes included synechia formation, middle meatal
stenosis, mucosal status, and mucosal regeneration and were rated on a four-point
outcome scale. Overall, at the end of 5 weeks, patients with hyaluronic packing had
less synechia (2.3 vs. 1.2) and middle meatal stenosis (2.2 vs. 1.3) than those with-
out packing [32]. Miller et al., in a blinded randomized control trial of 37 patients
requiring bilateral FESS for CRS, compared absorbable hyaluronic acid stents
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versus standard nonabsorbable packing. They reported that there was no significant
difference between absorbable and nonabsorbable packing in postoperative syn-
echiae rates in adults [33]. However, because of the relative smaller size of the
middle meatus in children, the theorized synechiae rates are higher in the pediatric
population [34]. In a prospective study, Hu et al. evaluated the effectiveness of an
absorbable hyaluronic acid packing material after FESS in children. At 3-week fol-
low-up, 35% of the packed sinuses and 43% of the unpacked sinuses had synechiae.
The mean synechiae score at first visit for those with hyaluronic acid packing was
0.48 £ 0.72, and that for the unpacked sinuses was 0.70 + 0.91 (p < 0.05). However,
at 8- and 12-week follow-up, there was no difference between the two groups in the
severity of adhesions, granulation tissue formation, infection rate, and patency of
the maxillary sinus ostia. The conclusion of this study was that while packing is not
necessary for routine FESS, it should be considered in children who are predisposed
to develop postoperative hemorrhage or adhesions and revision surgery with preex-
isting adhesions [35].

Patients with systemic disease such as CF, primary ciliary dyskinesia, immuno-
deficiency, asthma, and allergic fungal sinusitis face higher rates of surgical failure
when compared to pediatric CRS patients without comorbidity. Promising new
research suggest aggressive medical therapy in the mucociliary-impaired popula-
tion is essential to the success of overall disease management. Virgin et al. described
a surgical approach consisting of FESS and bilateral modified endoscopic medial
maxillectomy (MEMM) combined with postoperative medical treatment consisting
of culture-directed antibiotics, low-dose prednisone, saline irrigations, topical ste-
roids, and antibiotics. Symptoms measured by total SNOT-22 scores were signifi-
cantly reduced at 60-day and 1-year follow-up. In addition, they also showed that
hospital admissions secondary to pulmonary exacerbations were significantly
improved compared to years prior to surgery (2.0 vs. 3.2) [36]. Other proponents for
aggressive postoperative medical therapy include Alanin et al. who examined 24
pediatric and adult patients with primary ciliary dyskinesia (PCD). Patients under-
went FESS with bronchoalveolar lavage. Postoperative management consisted of
topical saline irrigation, topical nasal steroid spray, and topical colistin irrigation if
Pseudomonas aeruginosa-positive sinus cultures were discovered. At I-year
follow-up, significant improvements in symptoms and quality of life were reported
[37]. Similarly, Aanaes et al. reported a prospective study evaluating 58 pediatric
and adult CF patients who underwent FESS. Adjuvant medical therapy included
colistin sinus irrigation at the time of surgery, 2 weeks of broad-spectrum IV antibi-
otics, 6 months of topical nasal steroid spray, nasal saline, and colistin sinus irriga-
tion. The study demonstrated that pathogenic bacteria were eradicated from the
sinuses at 6 months follow-up in 41% of patients who underwent the combination
of ESS and intense medical therapy [38]. Furthermore, Raynor et al. conducted a
retrospective chart review and found that CF patients postoperatively managed with
nasally inhaled dornase alfa had fewer revision FESS when compared to non-
dornase alfa-treated patients over the course of 3 years (1.6 vs. 3.2) [39]. While
further studies are needed to solidify the optimal postoperative management, maxi-
mal medical management postoperatively may be beneficial for surgical outcomes.
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Conclusion

As our understanding of pediatric rhinosinusitis continues to evolve, it is critical to
understand the indications and effectiveness of medical and surgical therapies in
this population. When proposing surgical treatment, it is important to consider risk
factors that may be associated with poorer outcomes so that the surgeon may give
realistic expectations of recurrence, revision, and resolution of disease.
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Chapter 22 )
Pediatric Intracranial Complications
from Sinusitis

Check for
updates

Osama Hamdi, Connor M. Smith, Caitlin E. Fiorillo, and Diego Preciado

Introduction

Infections of the paranasal sinuses in children frequently result in acute complica-
tions outside of the sinuses such as orbital infections, facial (Fig. 22.1) or intracra-
nial abscesses, and infected thrombophlebitis [1, 2]. Orbital cellulitis (OC)
represents a group of conditions ranging from periorbital inflammation to subperi-
osteal and orbital abscess (SPA/OA) and cavernous sinus thrombosis.

Intracranial complications include epidural abscess, subdural empyema, menin-
gitis, encephalitis, intracerebral abscess, and dural sinus thrombosis. Fortunately,
intracranial complications from sinusitis have decreased dramatically in the post-
antibiotic era. The incidence of these complications in patients admitted with the
diagnosis of sinusitis, however, remains at around 3% [3, 4]. As opposed to adults,
the classic triad of fever, headache, and altered mental status is often absent in chil-
dren [3, 5]. Without a heightened level of suspicion, these complications can go
unrecognized, untreated, or undertreated in children, resulting in serious morbidity
and mortality.

In children that initially present with these infectious complications, it is unclear
whether surgically addressing the intranasal sinus source externally or endoscopically
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Fig. 22.1 A 6-year-old
male presented with right
facial swelling concerning
for abscess. On CT scan,
found to have acute
sinusitis with intranasal
abscess spreading onto the
maxilla

IR: 5520:5lice

IM:13 SE:3:

Table 22.1 The Chandler Stage | Description
Classification divides orbital I

 cations i Inflammatory edema (preseptal cellulitis
complications into five y (preseptal cellulitis)

groups based on progressive 1 Orbital cellulitis
severity I Subperiosteal abscess
v Orbital abscess
\Y Cavernous sinus thrombosis

Reprinted with permission from Chandler et al. [9]

at the time of abscess drainage influences ultimate outcome. This chapter will review
the latest literature on the subject as well as propose management algorithms for chil-
dren with these conditions.

Orbital Complications

OC most commonly results as a complication of acute sinusitis and can lead to
disastrous outcomes if not appropriately treated. It is thought to occur by the spread
of infection either by direct extension through the thin lamina papyracea, via local
thrombophlebitis, or by way of infected thromboemboli [6-8]. The Chandler
Classification system was described in 1970 by Chandler et al. and continues to be
widely used to categorize patients with orbital complications into 5 groups
(Table 22.1, Fig. 22.2) [9].

Four hundred sixty-five patients were treated at Children’s National Medical
Center over a seven-year period with a diagnosis of OC. 40% of these patients
were evaluated in the emergency room and discharged. Of the 276 patients admit-
ted to the hospital, 70 (25%) had or went on to develop CT-proven SPOA. Forty-
seven patients (67%) were successfully treated medically, while 23 patients (33%)
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Fig. 22.2 (a) Chandler Classification 1. Preseptal cellulitis. Arrow indicates approximate position
of orbital septum that acts as a barrier to spread of infection. (b) Chandler Classification 2.
Postseptal cellulitis

underwent surgical intervention. Patients successfully treated medically were
younger and had smaller abscesses than those treated surgically.

Although our institution does not have a strict management algorithm for this
condition, patients were cared for in a standard fashion, and an ophthalmology con-
sultation was ordered for all cases. To assess the need for operative intervention, the
following criteria were used: large abscess (subjective size determination), decrease
in visual acuity or other concerns on ophthalmologic exam, and worsening clinical
picture or failure to improve despite 24—48 hours of appropriate medical therapy
(Fig. 22.3) [10, 11]. Then the decision to use endoscopic, open, or combined
approach was based on CT findings, abscess location, and attending judgment. No
differences in outcome based on surgical approach were demonstrated in this retro-
spective study.

While the exact role and timing of surgical intervention for SPOA remains con-
troversial, it appears clear that many smaller abscesses in younger patients are ame-
nable to medical treatment with close observation and serial ophthalmologic
examinations (Fig. 22.4). In our retrospective series, 44/54 (81%) of patients with
an abscess smaller than 10 mm were successfully treated medically, while 12/13
(92%) of those larger than 10 mm underwent surgical intervention. Others have also
reported on the successful medical management of small abscesses in patients with-
out visual compromise. Starkey and Steele reported 7 cases of SPOA with 6 of 7
successfully treated medically but did not specify specific size criteria [12]. Garcia
and Harris applied management criteria to 37 patients with SPOA who were all less
than 9 years old. Twenty-nine patients met the nine criteria for medical manage-
ment, which included medial location and small or moderate size of abscess. In their
study, size was subjectively determined based on CT scan review. Twenty-seven of
the 29 patients were successfully managed without surgical intervention [13, 14].
Oxford and McClay reported on 43 patients with SPOA, 18 of whom resolved with
medical management. Patients managed medically had abscesses that were signifi-
cantly smaller than those who had surgical intervention (width 0.25 vs. 1.46 cm,
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Fig. 22.3 A 4-year-old male presented with fevers, headache, and periorbital edema after an upper
respiratory infection. On initial CT scan, noted to have acute right maxillary and ethmoid sinusitis
with a 4 mm medial subperiosteal abscess on (a) coronal and (b) sagittal that worsened on IV
antibiotics. Patient taken to OR for drainage

Fig. 22.4 Same patient as
in Fig. 22.3. Had initial
improvement that then
worsened. Repeat CT scan
demonstrated a new
superior subperiosteal
abscess that was managed
with IV antibiotics

p < 0.001). They concluded that patients with small, medial SPOA without ocular
signs are amenable to medical management. Oxford and McClay also proposed
criteria for medical management of medial SPOA that includes abscess width less
than 4 mm [10]. Greenberg et al. reviewed management of 25 cases of SPOA and
concluded that medial SPOA secondary to sinusitis in children under the age of 6
are highly amenable to medical treatment alone. In their study, abscess size catego-
ries were arbitrarily determined and no treatment recommendations based on size
were given [15].
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Our data support that patients younger than 6 years of age more often present
with less extensive disease and are more likely to be successfully treated medically.
This is consistent with the literature. Harris reported on 37 cases of CT-proven
SPOA and showed that patients younger than 9 years old were more likely to
improve without surgery and had less complex infections than older patients [14].
Israele and Nelson’s review of the literature showed that patients with periorbital
cellulitis were younger than those with OC, which supports the idea that older
patients are more likely to present with more complex infections [16]. Brown et al.,
in their series of 42 patients with SPOA, also showed that patients treated medically
were younger than those who underwent surgical drainage (5.1 vs. 11 years,
p <0.0001) [17].

In our series, patients who underwent surgical intervention had a significantly
longer hospital stay than those patients treated medically. This is consistent with the
surgical group having a more extensive disease process and is supported in the lit-
erature. Jackson and Baker reported on 39 patients with OC, 19 of whom were less
than 20 years old. The average stay in the hospital was longer for patients treated
surgically than those treated medically (13.4 vs. 9.4 days) [7]. Nageswaran reported
41 cases of OC, including 34 cases of subperiosteal abscess. Twenty-nine patients
underwent surgical intervention. The average length of stay in their study was also
longer for the surgical group (6.5 vs. 4.2 days, p = 0.011) [18]. Similarly, Oxford
and McClay showed that nonsurgical patients had a shorter hospital stay than surgi-
cal patients (4.3 vs. 5.8 days, p = 0.038) [10]. Brown also demonstrated shorter
hospitalization for patients with SPOA treated medically (6.5 vs. 9.6 days,
p=0.011) [17].

The recent literature supports more conservative management of small SPOA
secondary to sinusitis in younger patients without visual compromise. The majority
of SPOA less than 10 mm in size were successfully treated medically. Some older
patients may also be candidates for medical management; however, a low threshold
should exist for surgical intervention given the tendency for older pediatric patients
to present with more advanced infections.

Intracranial Infections

Intracranial complications are potentially devastating consequences of pediatric
sinusitis. Their diagnosis requires a heightened level of suspicion, and their man-
agement requires close collaboration between multiple specialties, including otolar-
yngology, neurosurgery, and infectious disease. Multiple recent series have
described their experience with intracranial complications and find that with prompt
and aggressive management, prognosis can be favorable [5, 19-21]. In our series,
22% of patients admitted to the hospital with intracranial infections during the study
period were found to have sinusitis. Of these, only 8 (38.1%) children presented
with signs or symptoms suggestive of sinusitis, such as nasal congestion, purulent
rhinorrhea, and periorbital or forehead edema. This finding is in agreement with our
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Fig. 22.5 A 10-year-old
male presented with fever
and headache for 5 days
without sinonasal
symptoms. He was found
to have acute right
pansinusitis and a right
frontal epidural empyema
seen on this T1-weighted
MRI with contrast. He was
treated with endoscopic
sinus surgery and
neurosurgical drainage of
the empyema

previous report [3] and others [20-23] and reinforces the notion that in children, one
has to be suspicious of the sinuses being the source of intracranial infections even in
the absence of nasal symptoms (Fig. 22.5).

The majority of patients with intracranial complications from sinusitis are male
presenting in their teenage years [4, 8, 24, 25]. Adolescent patients may be more
vulnerable to intracranial complications from sinusitis because of the significant
growth of the frontal sinuses and increased vascularity of the diploic venous system
associated with this stage of development [4, 26, 27]. Germiller et al. looked at 25
patients of mean age of 13.2, being treated for intracranial complications. Their
study consisted of 76% adolescents and 76% male [20]. A recent series on intracra-
nial complications of sinusitis reported by T.K. Nicoli et al. found six patients with
frontal sinusitis, with a median age of 21 years, five of whom were men and one a
woman. They also attributed this increased vulnerability in male adolescents to the
developing blood supply of the sinus and highlighted anatomical differences in
development of men as a reason for their increased predisposition (Fig. 22.6) [28].

Subdural abscesses were the more commonly found intracranial complication
associated with sinusitis in our series (Fig. 22.7). This profile was also seen in stud-
ies by Bradley et al. [1] and Singh et al. [10]. Our previous publication [3] and more
recent series, however, have described epidural abscesses as being the most frequent
intracranial complication of sinusitis [20, 25, 29]. In congruence with the literature,
our experience has been that patients with subdural abscesses tended to present with
significant and obvious neurologic symptoms and signs and, as a consequence,
may have sought or been brought to medical attention earlier. Half of the patients
with epidural abscesses and 21% of those with subdural abscesses were managed
successfully with conservative neurosurgical treatment and parenteral antibiotics.
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Fig. 22.6 A 14-year-old
male presented with 24
hours of headache
followed by left periorbital
edema. T2-weighted MRI
demonstrated acute left
maxillary, ethmoid, and
frontal sinusitis with a
frontal subperiosteal
abscess or “Pott’s puffy
tumor.” He was taken to
OR for incision and
drainage of abscess and
endoscopic sinus surgery

Page: 1 of 1

Fig. 22.7 A 7-year-old
presented with meningitic
signs and fever after

2 weeks of upper
respiratory tract symptoms.
She was found to have
acute right sinusitis with a
left frontotemporal
subdural empyema,
secondary encephalitis,
and cavernous sinus
thrombosis
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It is to be noted that those with subdural abscesses that were managed without cra-
niotomy had small, focal collections and showed rapid clinical improvement with

parenteral antibiotics.

Parenteral antibiotics were administered to all children with suspected intracra-
nial complications of sinusitis. A combination of a penicillin or vancomycin, metro-
nidazole, and a third-generation cephalosporin is chosen because of the ability to
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penetrate into inflamed central nervous system tissue and adequate empiric broad-
spectrum coverage. Therapy was adjusted as culture and sensitivity results became
available. Parenteral antibiotics are typically continued for a period of 4-8 weeks.
Patients with intracranial abscesses are also treated with intravenous phenytoin.

Since our report in 1995, ESS has become a readily available, useful tool in the
surgical management of children with acute and chronic sinusitis. Its precise thera-
peutic role, however, in the management of children with intracranial complications
from sinusitis is perhaps less defined. Some propose that aggressive use of ESS
should be instituted in nearly all patients with intracranial complications from
sinusitis and that its use can result in improved overall outcomes [20]. In our previ-
ous series, we highlighted the importance of frontal sinus cranialization and exen-
teration as a “single-stage” procedure at the time of neurosurgical craniotomy if the
frontal sinus was found to be the infectious source and the posterior table was defi-
cient [3]. In general, studies of surgical management for intracranial complications
of sinusitis are limited by relatively small patient samples and the fact that outcomes
are for the most part favorable; therefore, statistical analyses need to be interpreted
with caution. Given the lack of a randomized protocol, and selection of surgical
treatment modality employed based upon patient characteristics, one cannot draw
any conclusions on whether early or aggressive ESS or frontal sinus trephination
make a substantial impact in the rate of favorable outcomes in these patients. The
only way to prove this definitively is with a strictly defined prospective, randomized
protocol comparing those undergoing ESS or trephination at the time of craniotomy
vs. those undergoing only craniotomy. Such a study has yet to be performed.

Changing Nature of Complications Since the Advent
of the Prevnar Vaccine

In a recent report, we compared 49 patients with OC and/or SPOA/OA in the pre-
PCV7 era with 59 patients from the post-PCV7 era. We found that although PCV7
vaccination eliminated S. pneumoniae as an etiologic pathogen in acute sinusitis
complications in our series, there was a parallel and significant increase in S. aureus,
including an increase in the prevalence of MRSA associated with orbital infections
related to acute sinusitis.

Seeing that there has been an increased incidence of orbital infections from
MRSA pathogens and given that patients with OC and SPOA/OA have a signifi-
cantly increased risk of morbidity if they are not treated aggressively in a timely
manner, it is prudent to treat patients with these infections with broad-spectrum anti-
biotics that cover MRSA until specific culture information becomes available [30].

No studies have been done to date noting the effect of the PCV13 vaccine on
acute sinusitis patients. However, both Olarte L et al. [31] and Lindstrand et al. [32]
assessed the impact of PCV13 on chronic sinusitis in children. Olarte observed 91
cases of chronic sinusitis with positive cultures for S. pneumonia, and 61 (67%)
isolates were non-PCV 13 serotypes. Despite a decrease in S. pneumoniae isolation
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in children with chronic sinusitis in the post PCV13 era, there was a significant
increase in isolation of the anaerobic organism, Prevotella spp. (P = 0.02) [31].
Lindstrand et al. found a 66% lower risk of hospitalization for sinusitis following
PCV7 and PCV13 vaccination in children <2 years of age [32].

In our series, we found that the most commonly isolated bacteria in intracranial
and orbital infections related to sinusitis in the post-PCV7 era were S. aureus (42%),
anaerobes (20%), and Strep. intermedius (12%) [30].

Similar findings were found by Barry Seltz et al. in a study that looked at 94
children with orbital infections. They found that Streptococcus anginosus (15%)
was the most common cause of infection followed by S. aureus (9%), SO pyogenes
(6%), and S. pneumoniae (4%) [33].

Health-Care Costs of Sinusitis Complications

Not only do intracranial complications as a result of sinusitis present with patho-
logical burdens on the patient, they also result in a significant financial burden on
the family. Work by Mahalingam-Dhingra et al. looked at 5440 patients with orbital
cellulitis and assessed the different variables that impact the cost of treatment at
their institution. They found that the mean (SE) total charges associated with a
patient diagnosed with orbital cellulitis in 2006 were $16,444 ($805.40). This
charge can be further broken down to assess the difference in these patients that
were treated surgically and those that were not. They found that 12.4% of their total
cohort required surgical intervention. In patients that required surgical manage-
ment, they found that the mean (SE) total charge was $41,009 ($2971.9) compared
to their nonsurgical counterparts at $13,008 ($716.8). While the charges of the oper-
ation led to an increased total charge for these patients, they found that they also
have a longer mean (SE) stay at the hospital of 7.1 (0.38) days compared to 3.4
(0.11) days for the nonsurgical patients. This longer hospital stay synchronously
adds to the increase in the charge burden on these patients. Though this data was
collected at this specific institution, it is important to note that normative data found
that hospitals found in western geographic regions had higher surgical rates for
patients with orbital and periorbital infections. This was also found to be true in
hospitals located in urban areas. Thus, there is a steep cost of care for patients with
intracranial complications that result from sinusitis, particularly for those that
require surgical management [34].
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Mometasone furoate nasal spray (MFNS),
192-194, 256
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Montelukast, 100, 101, 257

Moraxella catarrhalis, 4, 6, 31, 57, 64, 110,
160, 203

MRI, see Magnetic resonance imaging (MRI)

Mucoceles, 52, 227, 230

Mucociliary clearance (MCC), 17, 19, 29-30,
52,76,90, 108, 119, 143, 144, 152,
172-174, 180-182, 255, 258, 261,
268, 270

Mucociliary dysfunction, 27, 29, 30, 173

Mucociliary escalator, 172, 173

Mucosa associated lymphoid tissue
(MALT), 149

Mycoplasma, 58

N
Nasal lavage, 195, 196, 260
Nasal obstruction
cause of, 75
causes of, 241
inferior turbinate reduction (see Inferior
turbinate hypertropy (ITH))
septoplasty (see Septoplasty)
structural issues, 241
Nasal polyps
AFRS, 26
associated with CRS, 26
endoscopic sinus surgery, 26
endoscopic view, 27
incidence, 26
prevalence, 130
unilateral, 26
Nasal saline irrigation, 183, 190, 259
age factor, 175
CRS, 175
allergic fungal rhinosinusitis, 182
cystic fibrosis, 182
nasal polyps, 182
definition, 172
device and techniques
disinfecting process, 180
electric irrigation and
Navage system, 179
head position during, 178
NeilMed pulsating nasal wash, 179
radioactive solution, 177
social media references, 178
squeeze bottles and Neti pots, 178
YouTube videos, as instructional
purpose, 180
history, 172
nasal phyiology, 172-174
quality of life, 177
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Nasal saline irrigation (cont.)
survey report, 176
tonicity of, 180-181
treating ARS, 177
trial of, 177
Nasal septal deviation (NSD), 28, 241-244
Nasobronchial reflex, 99
National Ambulatory Medical Care Survey
(NAMCS), 10, 11
National Hospital Ambulatory Medical Care
Survey (NHAMCS), 10, 11
Navage Nasal Irrigation, 179
Nebulized inhalational antibiotic agents, 117
Nebulizer therapy, 167
NeilMed Sinugator Pulsating
Nasal Watch, 179
Neti pot, 172, 178-180
Normal bacteria flora, 58
Normal paranasal sinuses physiology, 17-20
Nosocomial sinusitis, 62—-63
NSD, see Nasal septal deviation (NSD)

(0}
OA, see Orbital abscess (OA)
Obstructive sleep apnea (OSA), 29, 76,
241,243
OC, see Orbital cellulitis (OC)
Odontogenic sinusitis, 62
Omalizumab, 101
Oral antihistamines, 261
Orbital abscess (OA), 48, 49, 51, 63, 165,
231,279
Orbital cellulitis (OC), 48, 49, 59, 63, 165,
231, 279, 287
Orbital infections, 279
Chandler classification system, 280, 281
disastrous outcomes, 280
management
algorithm, 281
conservative, 283
medical, 281-283
operative intervention, 281-283
Osteomeatal complex (OMC), 52, 109, 269

P
Paranasal sinuses, 89, 90
Pathogen associated molecular patterns
(PAMPS), 18
Pathogenesis, 20
environmental agents associated with RS

infection and biofilm formation, 31-32

microorganisms, 30-31
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tobacco smoke exposure, 32
paranasal sinuses, 20
regional anatomical factors associated with
RS
adenoids (see Adenoids)
mucociliary dysfunction, 29
sinonasal anatomical abnormalities, 28
systemic comorbidities associated with RS
allergic rhinitis, 21
asthma, 21-22
cystic fibrosis (see Cystic fibrosis (CF))
GERD, 27-28
immunodeficiency (see Immune
deficiencies)
mucociliary dysfunction, 27
nasal polyps, 26
sinonasal mucosal immune responses,
23-24
Pediatric chronic rhinosinusitis (PCRS), 17,
46, 74, 96, 144, 205, 208, 227, 253,
256, 267
Pepsin A, 142
Peptostreptococcus, 58, 62, 63
PID, see Primary immunodeficiency
diseases (PID)
Pneumococcal conjugate vaccine (PCV7), 31
Pneumococcal vaccine, 58
Postoperative care
after FESS
adjuvant postoperative oral
medications, 257
nasal saline irrigation, 254
nasal saline spray, 255
nasal steroid sprays, 256
oral antibiotics, 257
systemic steroids, 256
topical antibiotics, 255-256
avoidance of predisposing factors, 261
allergic rhinitis, 262
gastroesophageal reflux disease, 262
second-hand smoke and environmental
irritants, 262
cystic fibrosis, 258
IV antibiotics, 261
oral antihistamines and
decongestants, 261
oral steroids and oral antibiotics, 261
second look procedure, 259
topical therapy, 259-261
goals, 254
in-clinic debridement vs. second-look
surgery, 257-258
Pott’s puffy tumor, 51
Prevotella species, 62, 287
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Primary ciliary dyskinesia (PCD), 26, 27, 270
Primary immunodeficiency
diseases (PID), 131
CD8=+ T lymphocyte deficiency, 133
CVID, 131
IgG subclass deficiency, 133, 134
selective IgA deficiency, 133
specific antibody deficiency
diagnostic criteria, 132
phenotypes, 132
severity of, 132
sinopulmonary infections, 133
Proteus, 62, 64
Pseudomonas, 62, 63, 167, 259
Pseudomonas aeruginosa, 25, 52, 64, 110,
111,117,118, 272
Pseudomucocele, 25

Q
Quality of life (QOL), 108, 116

R
Recurrent acute rhinosinusitis (RAR)
CT findings, 6
definition, 3, 6
pathogens, 6
risk factors, 6
treatment, 6
Revision surgery, 230, 254, 260, 263, 270-272
in CRS, 117
definition, 268
Rhinosinusitis (RS)
acute (see Acute rhinosinusitis (ARS))
chronic (see Chronic rhinosinusitis (CRS))
classification, 3, 17, 108
clinical diagnosis, 3
complications, 48-51
culture-guided treatment, 161-162
definition, 3, 17, 18, 96
environmental agents associated with
infection and biofilm formation, 31-32
microorganisms, 30-31
tobacco smoke exposure, 32
financial and societal burden, 13—-14
healthcare disparities, 12
prevalence, 9
quality of life
impact, 11-12
surveys, 12
recurrent acute, 6
regional anatomical factors associated with
adenoids (see Adenoids)
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mucociliary dysfunction, 29
sinonasal anatomical abnormalities, 28
symptoms, 3, 96
systemic comorbidities associated with
allergic rhinitis, 21
asthma, 21-22
cystic fibrosis (see Cystic fibrosis (CF))
GERD, 27-28
immunodeficiency (see Immune
deficiencies)
mucociliary dysfunction, 27
nasal polyps, 26
sinonasal mucosal immune
responses, 23-24
Rhinosinusitis Disability Index (RSDI), 12

S
Saccharin test, 144, 172
SAD, see Specific antibody deficiency (SAD)
Saline nasal irrigation, see Nasal saline
irrigation
Samter’s triad, 101
Selective IgA deficiency (SIGAD), 133
Septoplasty, 235
effect on facial growth, 243-244
endoscopic technique, 245, 246
indications, 244
outcomes, 244
Septum
anatomy, 242
deviated, 245
evaluation, 242-243
Sinonasal Outcome Test (SNOT-20), 117, 144
Sinonasal Outcomes Test (SNOT-22), 12
Sinonasal polyposis, 53, 254
Sinopulmonary reflex, 175
SinuPulse Advanced Nasal Sinus Irrigation
System, 179
Sinus and Nasal Quality of Life Survey
(SN-5), 12, 244
Sinus lavage, 206-207
Specific antibody deficiency (SAD), 22,
129-130
diagnostic criteria, 132
phenotypes, 132
severity of, 132
sinoplumonary infectoins, 133
Stadiometry, 195
Staphylococcus aureus, 25,29-31, 52, 110,
117, 160, 163, 165, 167
Streptococcus anginosus, 287
Streptococcus pneumonia, 4, 6, 31, 160, 163,
164, 191
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Streptococcus pneumoniae, 25, 28-31, 57,
110, 160, 165, 203
Streptococcus pyogenes, 31, 134, 151
Streptodornase, 118
Streptokinase, 118
Surgical management
adenoidectomy (see Adenoidectomy)
BCD devices (see Balloon catheter dilation
(BCD) devices)
chronic adenoiditis and rhinosinusitis,
153-154
CRS, failure of
aging, 269
allergic fungal sinusitis, 270
asthma, 269
cilia motility defect, 270
cystic fibrosis, 270
definition, 268
immunodeficiency, 271
reducing methods, 271-272
risk factors, 268
smoking exposure, 268—269
cystic fibrosis CRS, 119-123
Systemic steroids, 77, 195-196,
256-257, 261

T

Tapasin-binding protein (TAPBP), 133
Tezacaftor/ivacaftor (Symdeko®), 119
Th2 inflammatory pathway, 87, 88
Ticaracillin, 165

Tobacco smoke

Index

asthma and rhinosinusitis, 262
chronic mucosal inflammation, 110
exposure, 32

Tobramycin, 117, 167, 256, 259

Toll like receptors (TLRs), 20, 26, 76

Toxic shock syndrome (TSS), 257

22-item SinoNasal Outcome Test score, 101

U
Upper respiratory tract infections (URTIs), 12,
14, 31, 52,73, 150, 152

acute bacterial rhinosinusitis, 89, 96
antibiotics, 190
CT imaging, 282
MRI imaging, 46, 285
persistent sinusitis vs. recurrent, 9
physiology, 172, 173
radiographs findings, 45
symptoms, 4
viral, 4, 5, 30, 57, 58, 96, 162

v

Vancomycin, 165, 285

Viral upper respiratory infections, 57
incidence, 4
symptoms, 5
treatment, 152, 162

Y
You Tube, 178
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