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this book to all of my patients with chronic rhinitis who are 
continually teaching me about rhinitis and inspire me to find 
better approaches for medical management of their conditions.
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Rhinitis is not a trivial disease. Patients suffering from chronic rhinitis 
 experience significant impairment due to uncontrolled symptoms and 
 comorbidities resulting in a diminished quality of life, which directly impacts 
work productivity and school performance. This results in significant direct 
and indirect costs to our health care system. Despite this, very little emphasis 
in medical curriculums is placed on educating health care providers about the 
proper evaluation and treatment of chronic rhinitis conditions. In fact, unless 
significant comorbid conditions such as sinusitis present as the primary com-
plaint, the importance of the nose is often ignored.

It is important to recognize that humans are obligate nasal breathers, and 
the main purpose of the nose is to filter, humidify, and condition air going into 
the lungs. However, it is also a central reservoir for the paranasal sinuses and 
lacrimal eye ducts. It is also in close proximity to other structures such as the 
torus tubarius, which is the opening of the Eustachian tubes into the posterior 
pharynx. Thus, it is not surprising that patients with chronic rhinitis can 
 present with a constellation of symptoms ranging from nasal congestion; 
anterior and/or posterior rhinorrhea; sneezing; itching of the eyes, ears, nose, 
and throat; conjunctivitis; sinus pressure; headaches; and ear plugging, 
 pressure, and popping, which makes the diagnosis and treatment of these 
patients challenging. Oftentimes the presenting symptoms extend beyond the 
upper respiratory tract, such as cough, chest tightness, wheezing, shortness of 
breath, nausea, sleep disturbances, recurrent sinusitis, and bronchitis, further 
confounding the management of these patients. Failure to address the nasal 
pathology in treatment of suspected comorbidities such as sinusitis, asthma, 
headaches, sleep apnea, conjunctivitis, and Eustachian tube dysfunction can 
significantly impact clinical outcomes.

Although many books on rhinitis are available, this book is unique because 
it discusses clinical cases related to a spectrum of rhinitis conditions and 
comorbidities in different patient populations commonly encountered in 
 different clinical settings. Topics span from pediatric, adult, geriatric, and 
occupational rhinitis to the spectrum of rhinitis subtypes and their 
 complications. Several chapters address secondary causes of rhinitis such as 
drug-induced rhinitis, CSF leak, and systemic diseases manifesting as  rhinitis. 
Each chapter, written by an expert in the field, is nested with clinical cases 
illustrating the typical patient presentation, their diagnostic work-up, and 
treatment. It is anticipated that health care providers will gain a better 
 appreciation for the importance of correctly diagnosing rhinitis and for 
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 recognizing related comorbidities so their patients can benefit from optimal 
available therapies, which in turn will improve their clinical outcomes and 
quality of life and reduce health care cost expenditures.

Cincinnati, OH, USA Jonathan A. Bernstein 
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 Case Presentation 1

Eric is a 30-year-old man who lives in the 
Midwestern US and presents with symptoms of 
sneezing, itchy eyes/nose/ears/throat, nasal 
 congestion, clear  rhinorrhea, and red, watery 
eyes. He says that he has had mild symptoms for 
as long as he can remember, but over the past few 
years they have become more severe. Symptoms 
typically occur in March through May and again 
in mid-August through October. He has tried sev-
eral over-the-counter antihistamines, which used 
to completely control symptoms but over the past 
few seasons no longer provide enough relief. He 
has come to your office in April because he can 
no longer tolerate his symptoms.

Physical exam reveals conjunctival  injection, 
dark circles under his eyes, a transverse nasal 
crease, pale and boggy nasal turbinates, and 
 cobblestoning consistent with postnasal  drainage in 
the oropharynx.

 Diagnosis/Assessment

The main diagnoses in the differential are 
 seasonal allergic rhinitis (SAR), nonallergic 
 rhinitis (NAR)—which may be episodic and 
mimic SAR but also be perennial—and recurrent 
upper  respiratory tract infections (URI) [1, 2].

Allergic rhinitis (AR) is estimated to affect 
10–30% of adults and 40% of children in the 
United States [3–6]. Worldwide, it is estimated 
to affect 10–20% of the population [1]. Seasonal 
allergic rhinitis symptoms can persist for weeks 
or months depending on the local geographic 
environment. Although allergic rhinitis is 
 sometimes viewed as a trivial condition, it can 
cause  significant impairment of patients’ quality 
of life and result in missed school and work 
days as well as significant “presenteeism,” i.e., 
working while ill with  resultant productivity 
loss [1–3, 7]. According to a recent study of US 
pharmacy claims data between 2009 and 2014, 
patients with SAR had an average of 2.4 
AR-related  prescriptions costing $313 annually, 
and total AR-related costs of $643 annually [7]. 
SAR alone can cause significant sleep 
 disturbances, fatigue, and cognitive impairment, 
but it also  interacts with comorbid respiratory 
diseases such as asthma, sleep apnea, and 
 sinusitis to make these conditions much more 
difficult to manage [2, 3, 8–11]. In a 2012 phone 
survey of randomly selected US households, 
respondents rated their mean work productivity 
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29% lower when allergy symptoms were at their 
worst [12] and 50% of respondents on a 2015 
online survey reported impairment of daily 
activities or mood disturbances due to SAR 
symptoms [11].

Both SAR and NAR can cause similar symptoms 
and physical exam findings, and NAR often can have 
an apparent seasonal presentation due to symptoms 
induced by seasonal weather variation such as tem-
perature and barometric pressure changes [3]. 
Frequently, SAR will cause nasal itching and 
 conjunctival symptoms such as itching and redness, 
although an URI can cause some conjunctival 
 symptoms as well. History of exposure to sick 
 contacts with similar symptoms or presence of 
 additional symptoms such as fever, myalgias, lymph-
adenopathy, or exudative pharyngitis increases the 
likelihood of an URI. Additionally, an URI typically 
is associated with a shorter duration of symptoms [2]. 
Though a history of symptoms occurring during the 
same season each year supports a diagnosis of SAR, 
as would a parental history of physician-diagnosed 
AR or younger age of onset, the only way to defini-
tively distinguish SAR and NAR is through allergy 
testing. However, patients can be treated empirically 
upon initial presentation and have allergy testing 
completed if symptoms are not controlled [2].

He is found to have elevated serum-specific IgE 
levels to ash, birch, oak, and elm tree pollens as well 
as ragweed pollen. A diagnosis of SAR is made 
based on his sensitization and clinical symptoms in 
response to seasonal aeroallergen exposure.

Allergy testing is based on detecting specific 
IgE either through skin prick testing or in the 
blood. Of note, in order for skin prick testing to 
be performed, the patient must abstain from 
H1-antihistamine medications prior to the  testing. 
The diagnosis of SAR requires both evidence of 
specific IgE to allergens and correlating symp-
toms, being mindful that IgE sensitization may 
be present in the absence of clinical symptoms 
[13]. In this patient’s case, if he had evidence of 
specific IgE to tree, grass, and ragweed pollens, 
his spring and fall symptoms would support tree 
and ragweed allergy but not grass allergy.

Diagnosis of SAR does not typically require any 
imaging, though it can be used to evaluate for comor-
bid conditions such as chronic rhinosinusitis [2]. 

While allergic rhinitis and other allergic disorders 
may be associated with blood eosinophilia, the 
 presence of peripheral eosinophilia does not add to 
the assessment of an uncomplicated patient; 
 therefore complete blood count (CBC) is  unnecessary 
for  initial evaluation.

Patients with allergic rhinitis are at increased risk 
for asthma and should be evaluated to assure that 
they do not have comorbid asthma, which can be 
done with a thorough review of systems, a  screening 
PEFR followed by spirometry and bronchospastic 
evaluation depending on clinical suspicion. Given 
that AR is a risk factor and asthma is frequently an 
insidious disease presenting without respiratory 
symptoms, consideration for screening these 
patients routinely for asthma should be given.

 Management/Outcome

Once allergen sensitivities have been identified, 
one management strategy for SAR can be  reduction 
of exposure by limiting time outdoors when the 
 relevant aeroallergen is known to be present, 
although complete avoidance is not  possible. When 
symptoms become more severe, pharmacotherapy 
is indicated, as in Eric’s case. Given their over-the-
counter status and ease of use, oral  antihistamines 
are often chosen by patients as their first pharmaco-
therapy trial for rhinitis symptoms, sometimes 
before seeking medical attention. Additionally, 
some try over-the- counter oral cough and cold 
medications containing antihistamines and decon-
gestants. Second- generation oral antihistamines 
(cetirizine, levocetirizine,  fexofenadine, loratadine, 
and desloratadine) are generally better tolerated 
than first-generation agents that can be associated 
with anticholinergic and  sedative side effects [1, 3]. 
These side effects are especially important to 
 consider when  recommending treatment for 
 children or elderly patients who may be more 
 susceptible to some of them. Some of the second-
generation oral H1-antihistamines can be sedating 
(cetirizine and levocetirizine at recommended 
doses; loratadine and desloratadine at doses 
exceeding the  recommended dose) so patients 
should be  counseled appropriately [3]. No single 
 second-generation oral H1-antihistamine has 
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 conclusively been shown to be overall more 
 effective than another [3] and as a class they are 
 typically not effective in treating NAR.

In this patient, an empiric trial of intranasal 
 corticosteroid is appropriate as it is the most effec-
tive medication class for management of moderate 
persistent SAR and can also be effective in the 
treatment of NAR [2, 3]. Many formulations are 
now available over the counter. No differences in 
efficacy have been found among the different 
available intranasal corticosteroids despite differ-
ences in potency of the different corticosteroid 
moieties, although some patients may prefer 
 different products based upon attributes such as 
type of delivery device (e.g., aqueous vs. aerosol), 
and perceived scent or taste [2, 3]. They can have 
local side effects such as epistaxis, nasal dryness/
irritation, or rarely, nasal septal perforation.

Intranasal antihistamines are another available 
treatment modality recommended as first-line 
therapy for mild persistent SAR by GINA 
 guidelines and are currently available in the United 
States by prescription only. While intranasal 
 corticosteroids are generally more effective than 
intranasal antihistamines as monotherapy, intrana-
sal antihistamines have the advantage of faster 
onset of action (as early as 30 min as opposed to 
approximately 12 h [2, 14–20]). The combination 
of an intranasal corticosteroid and intranasal 
 antihistamine is more effective than the use of 
either product alone [2, 3]. Products are available 
that combine an intranasal corticosteroid and 
intranasal antihistamine into a single spray bottle 
for patient convenience. Side effects of intranasal 
antihistamines may include an unpleasant taste 
perceived by some patients and sedation.

Oral anti-LT agents are not as effective as 
 intranasal corticosteroids, and are not more effective 
than oral H1-antihistamines. A combination of oral 
anti-LT and oral antihistamine has not been consis-
tently shown to be more effective than using either 
alone, but may be an alternative for patients who can-
not tolerate nasal sprays [1–3]. Oral  corticosteroids 
can be very effective in treating symptoms of allergic 
rhinitis. However, due to  significant side effects with 
long-term use, they are best reserved for severe 
symptoms and should be limited to short courses. 
Use of parenteral sustained-acting corticosteroids is 

not recommended even for single administration due 
to higher risk of side effects such as adrenal suppres-
sion and injection site effects such as muscle atrophy 
and fat necrosis [1, 3].

Intranasal cromolyn sodium is another 
 available therapy over the counter that reduces 
release of inflammatory mediators. If used as 
maintenance therapy for SAR, it should be dosed 
3–4 times daily on a regular basis and when 
begun during active symptoms has an onset of 
action of 4–7 days [1, 3]. While it is less  effective 
than an intranasal corticosteroid for maintenance 
therapy of SAR and has low efficacy in treating 
symptoms once they have begun, it can be quite 
effective in acutely preventing  symptoms before 
exposure to allergens such as cats. It is often 
 recommended for a patient to use prior to antici-
pated allergen exposure (as in patients with 
episodic environmental allergic rhinitis) as it 
typically provides 4–8 h of protection, and can 
be redosed every 4–8  h during short-term 
 allergen exposure.

Other treatment modalities for SAR include 
intranasal and oral decongestants. Intranasal 
decongestants can cause rhinitis medicamen-
tosa if used for more than a few days (though 
there is patient-to-patient variability [21–24]) 
but concomitant use of intranasal corticoste-
roids has been noted to help protect against this 
effect [25–29]. At this time, however, the Joint 
Task Force, Allergic Rhinitis and its Impact on 
Asthma (ARIA), and American Academy of 
Otolaryngology–Head and Neck Surgery 
(AAO- HNS) guideline recommendations are 
still to use intranasal decongestants only for an 
acute exacerbation rather than maintenance 
therapy [1, 3]. Intranasal corticosteroids can 
also be used to treat rhinitis medicamentosa if 
needed. Oral decongestants are more effective 
in treating nasal congestion than oral antihista-
mines or leukotriene antagonists but can also be 
associated with adverse effects such as insom-
nia, anorexia, palpitations, dry mouth, and 
hypertension and thus should be avoided in 
patients with cardiovascular disease, diabetes, 
or hyperthyroidism [1, 3]. They may have a role 
as “rescue” medication for some patients to use 
intermittently [1].

1 Seasonal Allergic Rhinitis
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 Clinical Pearls and Pitfalls

• SAR is a clinically burdensome and significant 
disease that is often underrecognized as a 
cause of decreased quality of life.

• Intranasal corticosteroids are the most effec-
tive monotherapy for treating SAR.

• Treatment of SAR, as for any disease, must be 
selected based on symptoms, patient age/
comorbidities, and patient/family preferences.

• Not all combinations of pharmacotherapies 
 provide additive benefit to monotherapies. The 
combination of an intranasal corticosteroid and 
intranasal antihistamine can provide greater relief 
than either monotherapy, in contrast to combina-
tion use of an oral antihistamine and intranasal 
corticosteroid which generally is not superior to 
intranasal corticosteroid monotherapy.

• Refer to an allergist for symptoms that are 
refractory to treatment, long-standing, 
severe enough to interfere with sleep/work, 
or if the patient wishes to determine specific 
sensitivities.

 Case Presentation 2

Carrie is an 18-year-old girl who lives in the 
Midwest US and comes into clinic for evalua-
tion of a history of seasonal rhinitis symptoms. 
These include sneezing, itchy eyes/nose/ears/
throat, clear rhinorrhea, and frequent throat 
clearing, associated with red, watery eyes. Her 
symptoms initially were mild when she was 
about 10 years old, but they have gotten more 
pronounced over the years, and typically are 
bothersome in the late spring and fall months. It 
is currently May. Due to her severe symptoms, 
she has been given more and more medications 
over the years and is currently taking an oral 
antihistamine, intranasal corticosteroid, and 
intranasal antihistamine. With a recent change 
in insurance coverage, Carrie can no longer see 
her previous physician and she would like to 
decrease her reliance on medications. She asks 
about non-pharmacologic  treatments including 
“allergy shots.” Physical exam reveals no 
abnormalities.

 Diagnosis/Assessment

The main diagnoses in the differential are SAR and 
NAR. The seasonal pattern of nasal symptoms 
including nasal itching in association with eye symp-
toms makes SAR more likely. Note that patients 
with SAR may have a completely normal exam if 
seen during a time they are typically asymptomatic.

For this patient who has had symptoms requiring 
multiple medications and who is also interested in 
allergen immunotherapy (AIT), allergy skin prick 
testing or serum-specific IgE level testing is war-
ranted to determine sensitivities which must then be 
correlated to exposure-associated symptoms.

 Management/Outcome

In addition to AIT, non-pharmacologic treatment 
options for SAR include allergen avoidance mea-
sures and topical saline solution, either as a nasal 
spray or in the form of nasal irrigation.

Reduction of tree/grass/weed pollen exposure 
includes keeping windows shut, staying indoors 
when possible, and showering and changing clothes 
after spending time outside during the relevant polli-
nation season. Reduction of exposure to outdoor 
molds can be addressed by limiting outdoor activities 
and keeping windows shut when mold counts are 
high, and wearing a dust mask when digging around 
plants, mowing lawns, or picking up or raking leaves. 
Indoor mold exposure can be decreased in the home 
by focusing on decreasing sources of moisture such 
as high humidity, water leaks, or cold surfaces on 
which water can condensate. Visible mold can be 
destroyed with dilute bleach solution [3].

Topical saline solution has been shown to be less 
effective in treating rhinitis symptoms than intrana-
sal corticosteroids, but some  benefit has been shown 
[30]. The mechanism for this benefit is currently 
unknown, though  several hypotheses have been 
proposed including physical removal of antigen/
inflammatory mediators/mucus or enhancement of 
ciliary beating and mucus clearance.

As with treatment of many chronic illnesses, 
treatment of SAR can be managed with a step-up or 
step-down approach depending on symptom 
 severity, patient preferences, and clinician  judgment. 
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In this case, the most appropriate medication to 
taper off first is the one least likely contributing to 
rhinitis control, the oral antihistamine. There is little 
supporting evidence that the combination of an oral 
H1-antihistamine and intranasal corticosteroid 
achieves better rhinitis control than an intranasal 
corticosteroid alone. In Carrie’s case, a trial off the 
intranasal antihistamine may be attempted next, as 
intranasal corticosteroids are the most effective 
medication class for management of SAR. If symp-
toms return while off the intranasal antihistamine, it 
can be restarted with a quick onset of action. It is 
unlikely she would be able to completely come off 
medication without allergen immunotherapy (AIT).

AIT is the only therapy available with the poten-
tial to modify the underlying disease and long-term 
course of AR. SCIT has been practiced in the United 
States since the early 1900s [31]. A 2012 telephone 
survey of US households showed some or full symp-
tom relief in 74.9% of patients treated with SCIT 
[32]. SLIT became FDA approved in the United 
States for ragweed and certain grasses in 2014, and 
for house dust mites in 2017. To date there are no 
studies that have reported efficacy of SLIT to multi-
ple allergens administered as a mixture [33], whereas 
multiallergen SCIT trials generally have demon-
strated efficacy [31]. Because of this, SCIT currently 
is considered better suited for treating patients who 
are sensitive to multiple allergens. A recent pooled 
analysis showed that SLIT provided almost as much 
relief of nasal symptoms as intranasal corticoste-
roids and more relief than montelukast or deslorata-
dine in the treatment of SAR [34]. AIT carries a risk 
of anaphylactic reaction and therefore must be 
administered by a physician comfortable with recog-
nizing and treating anaphylaxis. For this reason, it is 
also contraindicated in patients with medical condi-
tions that would decrease survival from an anaphy-
lactic reaction such as certain cardiovascular or 
respiratory diseases and should be used cautiously in 
patients who are on beta-blockers (which interfere 
with the response to epinephrine should anaphylaxis 
occur) [31]. AIT is typically given for a 3- to 5-year 
course in order to achieve lasting response. Clinical 
reduction of symptoms can take up to 1 year from 
start of SCIT, but is typically noted during the first 
season of taking SLIT when started several months 
prior to the relevant pollen season.

For patients presenting with rhinorrhea only, 
another option for treatment can be an intranasal 
anticholinergic agent. For treatment of SAR it is 
not considered first-line and intranasal corticoste-
roid or intranasal antihistamine would be preferred, 
but for patients intolerant of those medications it 
can be an option. Intranasal anticholinergics (most 
widely used in the United States is ipratropium bro-
mide) are effective in treating rhinorrhea but not 
effective in treating other rhinitis symptoms [1, 3]. 
The most common side effects reported with this 
medication are nasal dryness and mild epistaxis. 
For treatment of rhinorrhea, combination use with 
an intranasal corticosteroid is more effective than 
use of either drug alone [1, 3].

 Clinical Pearls and Pitfalls

• Patients with SAR may have a completely 
normal exam if seen during a time they are 
typically asymptomatic.

• SAR management can be approached in a 
step-up or step-down approach.

• AIT is the only potentially disease-modifying 
therapy available for AR and can also improve 
comorbid respiratory diseases such as sinus-
itis, asthma, and obstructive sleep apnea.

• AIT is indicated not only for failure/intoler-
ance of pharmacotherapy but also if patients 
prefer to decrease reliance on medication.
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Perennial Allergic Rhinitis

Martin A. Smith and David M. Lang

 Case Presentation 1

Mr. G is a 42-year-old microbiologist, seen for 
further evaluation of chronic rhinoconjunctivitis. 
He developed chronic nasal/ocular symptoms in 
childhood that have been worse for 3 years. His 
symptoms have been perennial in nature, but 
worse in the fall. He has experienced prominent 
bilateral nasal congestion and clear anterior 
drainage; he also described ocular pruritus, but 
denied remarkable pruritus affecting nose, eyes, 
ears, or palate. Mr. G had remarkable worsening 
of rhinoconjunctivitis symptoms during vaca-
tions in Marco Island during the previous spring, 
and prior to this in Myrtle Beach in late 
September. He recalled undergoing skin testing 
in adolescence that showed remarkable reactions 
to molds and “dust.”

His current medications include diphenhydramine, 
which he takes 2–3 times per week, on an  as-needed 
basis. This has not been associated with subjective 
awareness of drowsiness. He also takes intranasal 
fluticasone on an as-needed basis.

He denied asthma, chronic urticaria/angioedema, 
atopic dermatitis, or remarkable adverse reaction 
following food consumption or allergic bee sting 
reactions.

His other medical problems include hypertension, 
for which he takes hydrochlorothiazide daily. He is a 
nonsmoker.

Mr. G resides in a 25-year-old home with 
 air-conditioning. His bedroom floor is carpeted 
and his mattress is 5 years old. He uses a down/
feather pillow and there are two cats in the home, 
which have access to the bedroom but elicit no 
symptoms with close contact.

On physical examination, Mr. G was pleasant 
and in no distress. Blood pressure was 113/69, pulse 
74, temperature 37 °C (98.6 °F), and respiratory rate 
14. Limited cutaneous examination disclosed no 
urticaria. Chest auscultation was clear during tidal 
breathing. Cardiac exam showed regular rate and 
rhythm. Ocular exam showed no scleral icterus or 
conjunctival erythema or suffusion. Intranasal 
inspection revealed bilateral mucous membrane 
congestion with clear secretions and no remarkable 
mucosal irregularity or polyps. Otoscopic findings 
were unremarkable. Oral cavity showed a modest 
amount of mucoid material in the posterior pharynx. 
The neck exam showed no definite thyromegaly or 
lymphadenopathy. Extremities revealed no cyanosis 
or clubbing. Abdominal exam was non-tender with 
normal bowel sounds and no visceromegaly.

 Diagnosis/Assessment

Options for confirming or ruling out the presence 
of allergic potential to inhalant allergens, and 
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 confirming a diagnosis of IgE-mediated allergic 
 rhinoconjunctivitis, were explained and  understood. 
Mr. G was told that immediate hypersensitivity 
skin testing or in  vitro testing to aeroallergens 
could be performed, and that the advantages of 
in vitro testing include its utility for patients who 
are unable to suspend antihistamine medications or 
who have extensive dermatitis, while skin testing 
offers the advantages of providing results at the 
time of service, greater sensitivity, and association 
with lower cost [1]. He expressed a desire to pro-
ceed with skin testing.

Accordingly, skin testing to inhalant allergens 
revealed remarkable wheal/flare reactions at per-
cutaneous level to Dermatophagoides farinae and 
Dermatophagoides pteronyssinus. Intracutaneous 
testing revealed remarkable wheal/flare reactions 
to cockroach and grass pollen.

Upon further questioning, Mr. G denied any 
evidence of cockroach infestation in his current 
home, but related that he had resided in an apart-
ment in New  York City in the past, in which 
cockroach infestation was a recurrent problem. 
For this reason, wheal/flare reaction was attrib-
uted to this past exposure.

He was told that intracutaneous skin testing 
may be associated with poor specificity, and that 
the positive skin test to grass pollen, in the 
absence of a compatible history of relevant rhino-
conjunctivitis symptoms during the summer 
months, does not imply that grass is a clinically 
relevant allergen in his case [2].

 Management/Outcome

Mr. G was told based on his history and results of 
skin testing that his symptoms are due to peren-
nial allergic rhinitis (PAR), which he was 
informed may be defined as an inflammation of 
the nasal mucous membranes caused by immu-
noglobuin (Ig) E-mediated allergic reaction to 
aeroallergens present on a year-round basis. The 
causes of PAR are summarized in Table 2.1.

He was told that PAR is a major cause of 
patient visits to physicians in the United States, 
frequently complicates management of other con-
ditions (e.g., asthma, chronic sinusitis), and if 

untreated or undertreated can lead to considerable 
morbidity—including missed work/school, sleep 
disruption, and impaired quality of life [1]. In 
many cases, PAR does not lead to absence from 
work or school, but entails fatigue and impaired 
cognition, concentration, and decision-making 
ability [3]. Reduced quality of performance at the 
workplace, which has been termed “presentee-
ism,” contributes to the substantial productivity 
loss associated with allergic rhinitis. The 
 economic burden of AR is substantial [4]. Allergic 
rhinitis is associated with significant impairment 
in quality of life—comparable to that observed in 
patients with diabetes, cardiovascular disease, 
musculoskeletal disorders, and psychosomatic 
disorders [3, 5]. The health-related quality of life 
in patients with PAR due to dust mite allergy is 
poorer than in patients with seasonal allergic 
 rhinitis (SAR) associated with pollen allergy, but 
it is unclear whether this is due to symptom 
 frequency, duration, or severity [6].

Mr. G was also made aware that the allergic 
response is biphasic. Individuals with the potential 
for IgE-mediated allergic responses to otherwise 
innocuous inhalant allergens, with sufficient 
 exposure, generate allergen-specific IgE after T-cell 
release of interleukins 4 and 13, and B-cell “switch-
ing” to produce IgE antibody—thereby becoming 
“sensitized.” The IgE-mediated reaction that under-
lies PAR results from exposure to the allergen to 
which sensitization has occurred, which cross-links 
at least two IgE antibodies bound to the high-affinity 

Table 2.1 Major aeroallergens that cause perennial 
allergic rhinitis

Dust mites
  • Dermatophagoides farinae
  • Dermatophagoides pteronyssinus
Mold spores
  • Aspergillus species
  • Cladosporium species
  • Penicillium species
Pests
  • Cockroaches
  • Mice/rats
Pets
  • Cats
  • Dogs
  • Rodents (e.g., rabbits, hamsters)

M. A. Smith and D. M. Lang
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IgE receptor on pre-sensitized effector cells: mast 
cells or basophils [7]. Importantly, the IgE-mediated 
response includes both early and late phases [1]. The 
early phase occurs promptly, and spans approxi-
mately 1 h. The late phase characteristically begins in 
3–6 h, peaks at 6–8 h, and wanes in 12–24 h. Almost 
half of the subjects when studied in laboratory set-
tings exhibit this “dual” response [7, 8]. The symp-
toms of the early phase generally include sneezing, 
pruritus, and clear rhinorrhea; symptoms of the late 
phase may be similar, but usually the late phase 
entails more prominent congestion [1, 8]. The late 
phase is promoted by factors generated in the early 
phase, which encourage release of inflammatory 
mediators as well as activation and recruitment of 
cells to the nasal mucosa [1, 7, 8]. While histamine 
appears to be the major mediator of the early phase, 
the late phase is more closely associated with other 
mediators, chemokines, and cytokines that have both 
inflammatory and pro-inflammatory effects leading 
to recruitment of effector cells such as eosinophils 
and basophils. During a clinically relevant exposure 
in a sensitized individual, aeroallergens enter the 
nasal passages on a continual basis; for this reason, it 
is frequently difficult to separate the early and late 
phases of the allergic response in the real-world set-
ting. Mr. G was made aware that in many cases of 
PAR, based on the chronic nature of aeroallergen 
exposure in individuals with dust mite allergy, 
affected individuals experience a perpetual late-phase 
response [1, 9].

Mr. G. was informed that in most areas of the 
United States, and the world, dust mites are a 
major source of allergens in the indoor environ-
ment [10]. In a study [11] carried out in eight 
 geographic locations in the United States, most 
homes were found to be co-inhabited with 
Dermatophagoides farinae and Dermatophagoides 
pteronyssinus. One species typically predominates 
in each home; however, the pattern of which dust 
mite predominated varied substantially in each 
geographic area. For this reason, skin testing is 
generally performed with both Dermatophagoides 
farinae and Dermatophagoides pteronyssinus. He 
was informed that mite bodies and feces are the 
principal causes of sensitization and symptoms in 
affected individuals [12]. Allergens in mite feces 
are enzymes that derive from the mite’s digestive 

tract. Dust mite allergen is commonly found in 
mattresses, bedding, rugs, upholstered furniture, 
stuffed animals, and clothing. The allergen is 
 carried on particles that are much heavier than ani-
mal allergens, which do not remain airborne for 
long periods. The most substantial exposure to 
dust mite allergens occurs in association with 
exposure to bedding during sleep [12].

Mr. G was educated regarding the importance 
of dust mite avoidance measures, including but 
not limited to mattress and box spring encase-
ment and washing bedding frequently in hot 
cycle [1, 12]. In a lengthy conversation in which 
an emotional attachment to his cats was acknowl-
edged [13], he was told that this exposure may be 
a factor leading to an increase in the population 
of dust mites in his bedroom; accordingly, he was 
advised to restrict his two cats from the bedroom 
and to consider a HEPA filter in the bedroom and 
main activity room which can filter the room’s air 
approximately four times per hour.

He was instructed to take a second-generation 
antihistamine on an as-needed basis, to supplant 
reliance on diphenhydramine, a sedating 
 first-generation antihistamine. Evidence indicat-
ing that sedative effects from an agent such as 
diphenhydramine may occur without subjective 
 awareness [14] was reviewed. He also was advised 
to use an intranasal corticosteroid on a regular 
basis, two sprays in each nostril daily, which he 
was told is the first drug of choice for treating 
allergic rhinitis [1]. He was also told to suspend 
use should local irritation or epistaxis occur.

At return visit in 8 weeks, Mr. G described 
improvement in rhinitis symptoms, but 
described incomplete relief of nasal congestion. 
He was told that use of an intranasal antihista-
mine would be preferred compared with an oral 
second-generation antihistamine for relief of 
congestion [15]. He was made aware of recent 
evidence demonstrating that combination treat-
ment with an intranasal corticosteroid and 
intranasal antihistamine is associated with 
superior efficacy compared with an intranasal 
corticosteroid alone [16]. However, this was 
associated with only modest improvement. He 
was told that montelukast 10  mg taken daily 
may also be efficacious for allergic rhinitis [17] 

2 Perennial Allergic Rhinitis



12

and agreed to take this daily. Montelukast was 
suspended after several weeks due to lack of 
evident benefit.

At return visit 5 months after initial visit, Mr. 
G described congestion and rhinorrhea in associ-
ation with temperature change and exposure to 
irritants. He reported that he had implemented 
indoor avoidance measures for dust mites, includ-
ing encasement of mattress and box spring and 
restoring hardwood floors after removal of 
 carpets, and that he also had been restricting his 
cats from his bedroom.

Due to poor control of his symptoms, despite 
avoidance measures and regular use of 
 medications, the option of initiating allergen 
immunotherapy was discussed. Mr. G was made 
aware that there is high-quality evidence support-
ing the therapeutic utility of subcutaneous aller-
gen immunotherapy (SCIT) for management of 
patients with allergic rhinitis allergic to dust 
mites [18]. He was also made aware of recent 
data [19, 20] supporting the efficacy and safety of 
sublingual immunotherapy (SLIT), and was told 
SLIT may have a better safety profile compared 
with SCIT based on a lower risk for anaphylaxis, 
and would have the advantage of at-home admin-
istration and less time commitment [21]. He indi-
cated a desire to initiate SLIT for dust mite 
allergy which was recently approved by the FDA 
in the United States.

 Case Presentation 2

Ms. J.N. is a 22-year-old nurse, referred for 
allergy/immunology consultation for evaluation 
and management of a 2-year course of PAR. She 
described symptoms of anterior rhinorrhea; sneez-
ing; pruritus affecting nose, eyes, and palate; nasal 
congestion; and hyposmia. Symptoms started 
shortly after she moved in with her grandparents, 
who have a cat. Her grandparents’ home is a 
Tudor-style house, built in the 1920s, with mostly 
hardwood floors, poor air circulation, and several 
throw rugs. She denied a history of atopic 
 dermatitis, asthma, nasal/sinus polyps, or frequent/
recurrent sinusitis. She reported no remarkable 

adverse reactions to medications, food, or stinging 
insects. She related that symptoms slightly 
improve during the day, while at work, and then 
worsen shortly after her return home. Symptoms 
have been present year-round without seasonal 
variation, and have been provoked by visiting 
homes where dogs reside. She has a brother with 
SAR and asthma. For the past year she has been 
taking loratadine 10 mg daily as needed, with min-
imal relief of her symptoms. Physical exam was 
remarkable for pale boggy nasal turbinates and 
mild conjunctival suffusion.

 Diagnosis/Assessment

Options to confirm a diagnosis of PAR were 
explained and understood. Ms. J.N. expressed a 
desire to proceed with immediate hypersensitivity 
skin testing to locally prevalent and potentially rel-
evant aeroallergens. This revealed wheal/flare 
reactions of 7/35 mm to cat dander and 7/26 mm to 
dog dander, and her histamine control was 
9/40  mm with a negative control of 0/0  mm. 
Intradermal testing revealed no remarkable wheal/
flare reactions.

She was told that these findings correlate with her 
history of PAR, and are consistent with IgE-mediated 
allergy to cat (Fel d I) and dog (Can f I).

 Management/Outcome

Ms. J.N. was informed that treatment options for 
patients with PAR due to pet danders include 
avoidance, pharmacotherapy, and, in properly 
selected cases, allergen immunotherapy. Ms. J.N. 
was counseled that complete avoidance of expo-
sure is ideal, but is often difficult to achieve.

According to a 2011 report by the American 
Veterinary Medical Academy (AMVA), more 
than six of ten pet owners considered their pets to 
be family members [22]. This emotional bond 
often makes it difficult for patients to adhere to a 
recommendation to eliminate a pet from their 
home. In a study [23] that evaluated compliance 
with the recommendation to implement  avoidance 
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measures, approximately 300 patients with 
 allergic rhinoconjunctivitis and asthma under-
went percutaneous skin testing. For patients in 
whom sensitization to animal danders was found, 
avoidance measures, including removing pets 
from the home and preventing indirect exposures, 
were recommended. Patients were then seen for 
follow-up on two occasions, 3–5 and 6–9 months 
after skin testing. At follow-up appointments, 
patients were asked if they had adhered to recom-
mendations. At the first and second follow-up 
appointments, 92% and 88% of patients, respec-
tively, still maintained the pets in their home. Of 
the six patients who no longer had the pets in 
their home, only two did so due to the medical 
recommendation. Of the other four patients, three 
pets went missing and one pet had died. In the 
same follow-up, two patients actually had 
 procured a new pet to which they tested positive.

We told Ms. J.N. that even if she did not live 
in a household with a cat or a dog, she may still 
be exposed to pet dander in the community and 
due to passive transfer on shoes and clothing into 
the home. Data were shared from a Polish study 
[24] in which Fel d I and Can f I levels were 
measured in 17 cars, 14 classrooms, and 19 
houses in a large metropolitan area. Air and dust 
samples were  analyzed for cat and dog allergens, 
via a  double-monoclonal ELISA assay. Air sam-
pling is the preferred method to measure cat 
allergen, as the relationship between airborne 
and settled dust concentrations of cat allergens is 
not well defined. The study findings showed that 
significant levels of pet allergens present in 
homes of pet owners are transferred to their cars 
and to their school classrooms. This potentially 
places others at risk of exposure to pet allergens. 
Upholstered  furniture appears to act as a 
 significant reservoir for the allergen.

Ms. J.N. was told that there is reassuring evi-
dence showing that even if the cat remains in her 
home, her level of allergen exposure can be 
reduced significantly by implementing several 
measures. A study done in the early 1990s [25] 
showed that repeated weekly washing of pet cats, 
increasing air circulation, and decreasing soft 
furnishings each can contribute to significantly 
reducing the level of Fel d I in a household. 

Airborne measurements of Fel d I were measured 
by a cascade impactor and a monoclonal anti-
body-based immunometric assay. After a cat 
entered a clean room, Fel d I increased to 90 ng/
m3 within half an hour. After the cat was washed 
weekly, the Fel d I level in the room only 
increased to 7 ng/m3 in half an hour. A qualitative 
difference in Fel d I was also observed, as there 
was a statistically significant reduction in smaller 
particles (defined as ≤2.5 microns), from 9.5 ng/
m3 to ≤0.4 ng/m3. When a cat was maintained for 
20 h a day in the same room, changing the rate of 
ventilation and amount of soft furnishings also 
affected airborne levels of cat allergen. Low 
 ventilation, soft furnishings, and carpets were all 
found to be associated with a statistically signifi-
cant increase in the level of Fel d I after 1 h. A 
carpet accumulates cat allergen at a rate 100 
times that of a polished floor.

The above data were explained to Ms. J.N. She 
was also told that after a cat is removed from a 
home, the average time for cat dander to be signifi-
cantly reduced may be as long as 24 weeks [26].

Ms. J.N. stated that she may wish to acquire a 
dog in the future. For this reason, avoidance 
 measures for dogs were also discussed, including 
the utility of washing the dog [27].

She was encouraged to adhere to recommen-
dations displayed in Table 2.2 [28].

Ms. J.N. was told that patients with PAR may 
have episodic or persistent rhinitis. As the vast 
majority of pet dander allergic patients will be 
exposed to Fel d I continuously (and Can f I, if she 
were to acquire a dog), she was told that she may 
expect to have persistent rather than episodic rhini-
tis. We pointed out to Ms. J.N. that even if the cat 
were to be removed from her home, she will likely 

Table 2.2 Methods to reduce pet allergen in the home

Restrict pets from the bedroom
Use of HEPA (high-efficiency particulate air) filters in 
rooms
Minimize soft furnishings (including carpets, couches, 
and curtains)
Vacuum weekly (preferably with a HEPA filter-
enabled vacuum)
Wash dogs biweekly and cats weekly
Consider improving ventilation system

2 Perennial Allergic Rhinitis
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still experience episodic symptoms up to 6 months 
later due to slow dissipation of indoor cat allergen 
as well as when visiting other homes where cats or 
dogs reside. Ms. J.N. was informed that her 
 clothing may be a significant source of dispersing 
allergen into the community and to the hospital 
where she works [29]. Similarly, other pet owners 
also shed levels of pet danders from their clothing, 
such that cat and dog may be regarded as “com-
munity allergens.” For the above reasons, she was 
advised to take medication on a daily basis.

Considering her current home environment, 
she will have persistent exposure to Fel d I, and 
thus persistent PAR symptoms. She was told that 
the single most effective medication would be an 
intranasal corticosteroid [30]. She was told that 
intranasal corticosteroids have been reported to be 
more effective than a combination of oral antihis-
tamines and leukotriene inhibitors [31]. There are 
intranasal corticosteroids introduced more 
recently, formulated as “dry” nasal aerosols, which 
may be preferred by some patients who have an 
aversion to aqueous sprays. An industry-sponsored 
study demonstrated an increased retention of the 
dry nasal spray in nasal cavity, but these newer for-
mulations have not been convincingly shown to be 
clinically superior to aqueous sprays [32].

Ms. J.N. questioned why there are so many 
 different types of intranasal corticosteroid sprays. 
She was informed that all intranasal corticoste-
roids are hydrocortisone derivatives, but differ in 
chemical structure (bioavailability and lipophilic 
properties). According to their bioavailability, 
intranasal corticosteroids can be divided into first- 
or second-generation glucocorticoids, as described 
in Table 2.3 [33].

The lower the bioavailability, the lower the risk of 
systemic side effects. Thus, theoretically, the 
 second-generation sprays, with lower bioavailability, 
may be preferable, particularly if she decides to 
become pregnant in the future. We reassured Ms. J.N. 
that since such limited systemic absorption occurs 
with second-generation intranasal corticosteroids, in 
the pediatric population, growth  suppression has not 
been demonstrated at recommended dosing [34]. 
Several of the second-generation intranasal cortico-
steroids contain either furoate or propionate ester side 
chains, and are thus highly lipophilic. This lipophilic 

property allows the medication to be readily absorbed 
across the lipophilic phospholipid cell membranes 
found in the nasal mucosa [35].

She was made aware of common adverse effects, 
including nasal irritation, bleeding, and rare case 
reports of septal perforation. We instructed her on 
proper intranasal device technique, which includes 
spraying away from the septum [36].

Ms. J.N. was invited to participate in medical 
decision-making by expressing her values and 
preferences, and agreed to begin regular use of 
an intranasal corticosteroid, two sprays in each 
nostril daily.

Ms. J.N. agreed to return for a follow-up visit 
in 6 weeks.

Upon her return, Ms. J.N. related that her 
 symptoms had improved. She had implemented rec-
ommended avoidance measures, and reported that 
she noted substantial improvement after restricting 
the cat from her bedroom, and removing upholstered 
armchairs that were next to her bed. During week-
ends, she supplemented the intranasal corticosteroid 
with oral cetirizine 10 mg/day. She asked whether 
additional measures could be employed.

She was told that the addition of a daily 
 second-generation antihistamine to the intranasal 
corticosteroid is one of several steps that can be 
employed to improve symptom control. She was 
told to use a combination of the intranasal cortico-
steroid with an intranasal antihistamine [16]. Ms. 
J.N. was also made aware of the efficacy and 
safety of intranasal cromolyn, which can be 
 purchased over the counter [37].

Lastly we discussed that she may consider 
intranasal saline rinsing, which has been shown 
to improve the quality of life of patients with 
PAR as an adjunctive therapy. Postulated 
 mechanisms include washing allergen and 
inflammatory mediators from the nasal cavity 
and improving nasal ciliary function [38].

Table 2.3 Intranasal steroid spray classification

First-generation 
glucocorticoids

Second-generation 
glucocorticoids

Beclomethasone Ciclesonide
Budesonide Fluticasone furoate
Flunisolide Fluticasone propionate
Triamcinolone Mometasone furoate
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Ms. J.N. inquired whether she could acquire a 
“hypoallergenic dog,” and if this would worsen her 
symptoms. She was told that the term “hypoaller-
genic” has been popularized in recent years, but 
that such animals have not been shown to produce 
less allergen. She was made aware of a recent study 
that investigated the levels of Can f I in homes. 
There was no statistically significant difference 
between “hypoallergenic” dogs and “non-hypoal-
lergenic” dogs with regard to the levels of  detectable 
dog allergen. Can f I levels did not appear to be 
influenced by dog weight or variables such as time 
spent indoors [39].

 Clinical Pearls and Pitfalls

• PAR can lead to considerable morbidity—
including missed work/school, sleep disrup-
tion, and impaired quality of life.

• Allergy to dust mites and pet danders is a 
major cause of PAR.

• Dust mite avoidance measures include keeping 
windows closed and dehumidification via air-con-
ditioning, mattress and box spring encasement, 
and washing bedding frequently in hot cycle.

• For PAR due to pet allergy, removing the pet 
from the home is recommended and ideal, but 
the overwhelming majority of patients will not 
adhere to this recommendation due to their 
unconditional emotional attachment to pets.

• Several easy-to-implement measures can sig-
nificantly reduce levels of pet dander in 
homes. These include increasing ventilation, 
limiting soft furnishings and carpets, and 
using HEPA filters and HEPA filter-enabled 
vacuum cleaners. Restricting pets from the 
bedroom and washing cats or dogs have also 
shown to be helpful.
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Nonallergic Vasomotor Rhinitis

Justin C. Greiwe

Chronic rhinitis is a ubiquitous condition leading 
to considerable economic impact in the United 
States with significant ramifications on patient 
quality of life. Classically, chronic rhinitis is 
divided into three main clinical phenotypes: aller-
gic rhinitis (AR), infectious rhinitis, and nonaller-
gic rhinitis (NAR) [1]. Around half of adult chronic 
rhinitis patients (20–70%) are not sensitized to 
aeroallergens and therefore largely suffer from 
NAR [1–3]. There are at least eight recognized 
NAR subphenotypes that are clinically relevant 
and include nonallergic rhinopathy, nonallergic 
rhinitis with eosinophilia, drug- induced rhinitis, 
gustatory rhinitis, hormone- induced rhinitis, senile 
rhinitis, atrophic rhinitis, and cerebral spinal fluid 
leak manifesting as rhinorrhea [4]. A number of 
rhinitis conditions were omitted from this list as 
they are not always nonallergic in nature and 
include mixed rhinitis, localized AR or entopic 
rhinitis, rhinosinusitis with and without polyps, 
and occupational rhinitis. These conditions will be 
discussed in other chapters throughout the book. 
The focus of this chapter is on the most common 

NAR subtype, nonallergic vasomotor rhinitis 
(NAVMR). The cases presented below highlight 
important concepts related to the diagnosis and 
treatment of NAVMR.

 Case Presentation 1

A 60-year-old female with a history of chronic 
cough and upper respiratory symptoms presents 
to the office for a second opinion. She has been 
managed by an otolaryngologist (ENT), who is 
currently treating her symptoms with fluticasone 
two sprays each nostril when symptomatic, mon-
telukast 10 mg daily, and cetirizine 10 mg daily 
with little improvement and occasional epistaxis. 
Symptoms began in her early 40s, and there is no 
family history of allergies on either parent’s side. 
Her symptoms include excessive postnasal drain-
age (PND), nasal congestion, facial pressure, 
throat itching, and cough. No sneezing or other 
nasal, eye, or ear symptoms were reported. 
Symptoms are perennial in nature but seem to 
worsen during the change in seasons, particularly 
spring and fall. Triggers include weather changes, 
perfumes, house cleaners, and cigarette smoke. 
She has four dogs and four cats at home with 
access to the bedroom but denies symptoms 
around them. Around 10 years ago she was placed 
on allergen immunotherapy for 2 years. The 
patient seemed to think that allergy shots helped 
her symptoms but did not receive them consis-
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tently and therefore never achieved maintenance 
dosing. Skin testing using end-point dilution tech-
nique was completed recently by ENT that 
showed extensive seasonal and indoor sensitivi-
ties to dust mite, cat, dog, mold, trees, grasses, 
and weeds. Skin testing was positive to soy, 
wheat, mustard, milk, and peanut as well. These 
later tests were applied without a stated history of 
immediate food reactions. The patient had a his-
tory of exercise-induced asthma as a child, but has 
had no issues with asthma as an adult. She denies 
acid reflux symptoms. Physical examination 
revealed a nasal mucosa that is erythematous with 
evidence of cobblestoning in the posterior phar-
ynx consistent with chronic PND. Her lung and 
heart exams were unremarkable. Two weeks later, 
the patient returned for skin prick testing (SPT) to 
aeroallergens off antihistamines. She had a posi-
tive histamine control, but all seasonal and peren-
nial aeroallergens tested were negative. Pulmonary 
function testing and exhaled nitric oxide (eNO) 
were completed as well, and both were normal.

 Diagnosis/Assessment

 Symptoms/Triggers
This case highlights the importance of using clin-
ical characteristics to help distinguish between 
rhinitis phenotypes. While patients with AR and 

NAR frequently present with similar symptoms, 
there are certain clinical features that can help 
differentiate between these two conditions 
(Table 3.1). NAR patients are more often female 
and tend to develop symptoms later in life (after 
age 20). Symptoms are typically perennial in 
nature with a broad range of irritant triggers; 
however, NAR patients regularly blame pollens 
for any seasonal worsening they experience. 
These variations are, of course, not pollen related 
but rather caused by changes in temperature, 
humidity, barometric pressure, or possibly out-
door air pollutants causing acute worsening of 
perennial symptoms. Unlike NAR, AR usually 
presents in childhood often with a family history 
of atopy (asthma, rhinitis, and atopic dermatitis). 
Most patients have seasonal exacerbation of 
symptoms to various aeroallergen triggers.

One of the most common complaints of NAR is 
excessive PND, especially in older patients, which 
can lead to a chronic cough. Frequently chronic 
cough is the most bothersome presenting symp-
tom leading many to seek care. Differentiating 
PND-induced cough from asthma and/or gastro-
esophageal reflux (GERD) is an important first 
step in evaluating these patients. In this example 
the patient’s main complaint focuses on exces-
sive PND, which is likely contributing to cough 
as pulmonary function/eNO testing was normal, 
and there were no stated GERD symptoms. It is 

Table 3.1 Distinguishing features of nonallergic rhinitis and allergic rhinitisa

Nonallergic rhinitis Allergic rhinitis
• Onset of symptoms later in life, more common after 
age 20
• No indication of familial pattern
• More common in females
• Perennial symptoms with very little seasonal 
variation
• Negative aeroallergen skin testing and/or serum sIgE 
testing
• Broad range of irritant triggers
• Symptoms include
  – Nasal congestion
 – Postnasal drainage with or without cough
 – Infrequent eye complaints
 – Minimal itching

• Physical examination (more variable)
  – Nasal mucosa can be normal with increased clear 

watery secretions, may be erythematous or atrophic

• Usually presents in childhood
• Persuasive family history of atopy (asthma, rhinitis, 
and atopic dermatitis)
• Affects females and males equally
• Most have seasonal exacerbation of symptoms
• Positive aeroallergen skin testing and/or serum sIgE 
testing
• Aeroallergen triggers
• Symptoms include
  – Congestion, sneezing, rhinorrhea, and nasal itch
  –  Ocular conjunctivitis, watering, and itch

• Physical examination
  – Nasal mucosa edematous, pale, and boggy
  –  Allergic shiners (dark areas under the eyes)

aAdapted from [21]
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important to emphasize that a provocation test, 
like a methacholine  challenge, may be necessary 
to definitively rule out airway hyper-responsive-
ness consistent with cough variant asthma and/or 
empiric therapeutic treatment with a proton pump 
inhibitor may be warranted to exclude asymptom-
atic GERD as a cause of the cough. Although not 
pathognomonic, the patient did not exhibit sneez-
ing attacks or eye itching and watering. These 
symptoms paired with the patient’s gender, age, 
and triggers that include perfumes, house clean-
ers, and cigarette smoke should steer the clinician 
toward NAR as the likely diagnosis. Of course, 
negative skin testing to aeroallergens is neces-
sary for confirmation. A stipulation to this diag-
nosis is the possibility of local AR which will be 
discussed in a later chapter. These patients have 
clinical presentations similar to patients with AR 
and respond in kind to medications recommended 
to treat this rhinitis subtype.

 Testing
SPT and/or serum-specific IgE (sIgE) tests are 
essential tools for distinguishing between AR and 
NAR. The defined sensitivity of SPT compared 
with sIgE immunoassays can vary with tech-
nique; however the simplicity, low cost, and high 
sensitivity make SPT preferable to in vitro testing 
for determining the presence of sIgE in patients 
with rhinitis [5, 6]. There are clinical scenarios 
where in vitro testing is preferred however, 
including patients who cannot discontinue medi-
cations (i.e., antihistamines), dermatographism, 
extensive dermatitis, uncooperative patients, or 
when there is a high risk of an adverse outcome 
(i.e., severe, poorly controlled asthma or preg-
nancy). As with all tests, positive results should 
be correlated with the patient’s history and physi-
cal exam to confirm their clinical relevance [7]. 
While SPT is useful for confirming suspicion of 
aeroallergen triggers by identifying the offending 
allergens, it can also be used as an effective tool 
to demonstrate nonreactivity. Many patients are 
convinced that they have allergic triggers so neg-
ative SPT in the presence of a positive histamine 
and negative saline control provides objective 
evidence that aeroallergens are not contributing, 
and would lead the clinician in a different direc-
tion with respect to questioning the patient about 

nonallergic triggers. Often patients may have 
well-defined nonallergic triggers but also a few 
allergic triggers confirmed by testing consistent 
with a diagnosis of mixed rhinitis to be discussed 
in a later chapter. An initial screening battery for 
inhalant allergens should be representative of the 
antigens patients are exposed to in their geo-
graphic area and workplace environment. Panels 
of 40 or more inhalant allergens, and panels that 
automatically include foods, are excessive, 
unnecessary, and should raise a white flag about 
the accuracy of the initial evaluation. The goal of 
testing is to identify antigens to which patients 
are symptomatically reactive. Unfortunately, 
there is no single method of performing in vivo or 
in vitro testing, with several different techniques 
and devices available. Each technique has a dif-
ferent level of sensitivity and specificity. This, 
combined with differences in test interpretation 
and documentation, can lead to impressive incon-
sistencies in results. Furthermore, positive tests 
in the absence of clinical reactivity upon expo-
sure do not necessarily confirm the presence of a 
clinical allergy, adding more complexity to an 
already confusing medical picture.

Skin testing using the end-point dilution tech-
nique is commonly used among otolaryngolo-
gists for the diagnosis of allergy. This approach is 
prone to false-positive reactions and therefore not 
used by allergy specialists. Instead, most aller-
gists rely on prick/puncture followed by standard 
intracutaneous testing with a single weight/vol-
ume dilution, otherwise known as modified quan-
titative testing (MQT), which has been shown to 
be a safe, cost-effective, and accurate way of 
diagnosing allergic disease [8–10]. The applica-
bility of intracutaneous testing needs to be taken 
in context. Negative SPT followed by a positive 
intracutaneous test has a low-positive predictive 
value for the presence of symptoms upon allergen 
exposure [11]. Positive intracutaneous testing to 
both cat and grass allergens, for example, has 
been shown to add little to diagnostic accuracy 
[12, 13]. False positives can be attributed to a 
number of causes including intracutaneous bleed-
ing resulting in a hematoma that is falsely inter-
preted as a positive reaction or the effect of 
naturally occurring histamine, endotoxins, and 
other skin irritants in inhalant extracts [14].
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Nasal provocation testing can be considered in 
cases of local AR or when sIgE testing is incon-
clusive (i.e., when testing is negative in patients 
with a high suspicion of having AR). While nasal 
challenges are considered the gold standard in 
diagnosing occupational rhinitis, provocation 
testing is not used routinely in clinical practice 
due to lack of standardization, and is mainly used 
in research settings [1]. Work is ongoing to 
develop more practical ways for clinicians to reli-
ably diagnose local AR in their office.

Allergy testing seems like a simple way to dif-
ferentiate between NAR and AR; however sig-
nificant variations in test results are not 
uncommon. As this case demonstrates, discrep-
ancies often arise between providers and across 
subspecialties. Recognition of these inconsisten-
cies allows the clinician to look at previous test-
ing objectively, and not jump to conclusions 
based on inaccurate data. The above concepts 
underscore the importance of a comprehensive 
past medical history in order to correlate positive 
testing with the patient’s reaction history.

 Monitoring Control
Once the appropriate diagnosis has been 
obtained, continued follow-up is encouraged as 
NAR is a chronic condition that needs to be reg-
ularly reassessed. To date there are very few 
validated tools to help evaluate NAR control nor 
are there consensus treatment algorithms for 
NAR.  However, it is possible to extrapolate a 
stepwise treatment algorithm proposed by 
Papadopoulos et  al. for AR to NAR based on 
symptom control [1]. The algorithm includes 
four control medication steps that build on each 
other depending on treatment response. The first 
step includes one of the following medications: 
an oral antihistamine, intranasal antihistamine, 
intranasal cromolyn/nedocromil, or leukotriene 
receptor antagonist. However, for NAR, using a 
second-generation oral antihistamine, intranasal 
cromolyn or nedocromil sodium or a leukotri-
ene antagonist would not be indicated as the 
pathomechanisms for NAR do not involve the 
need to stabilize mast cell membranes, block 
histamine, or block leukotriene receptors. A bet-
ter first-line treatment approach for NAR would 

be to select either a nasal corticosteroid, a nasal 
antihistamine, or possibly a first-generation 
H1-antihistamine dosed at bedtime to take 
advantage of the anticholinergic effects that 
help to reduce drainage and their sedating side 
effects, respectively. Steps two through four 
build on this regimen by using an intranasal cor-
ticosteroid and intranasal antihistamine in com-
bination with a first-generation H1-antihistamine 
at bedtime and saline rinses. In contrast to AR, 
allergen immunotherapy is not recommended 
for NAR but may be effective for mixed rhinitis 
[15]. Step four involves referring to a specialist 
with expertise in medical management of 
chronic rhinitis conditions and most notably 
NAR. This may require referral to an otolaryn-
gology specialist for sinus surgery. Regardless 
of the rhinitis subtype, assessment of control is 
based on three control criteria [1]:

 1. Symptoms: congestion, rhinorrhea, sneezing, 
pruritus, and PND

 2. Quality of life: impairment in sleep or daily 
activities

 3. Objective measures: peak nasal inspiratory 
flow, rhinomanometry, or close-mouth test 
which instructs patient to close mouth and 
breathe solely through nose for 30 s

Loss of control is considered when patients 
experience worsening of the above criteria or 
require increased use of rescue medications 
including oral or intranasal decongestants, intra-
nasal anticholinergics, and oral corticosteroids. 
Stepping-up therapy should be considered if 
there is any concern for deteriorating control but 
only after rhinitis comorbidities liked asthma, 
sinusitis, and obstructive sleep apnea have been 
evaluated and appropriately treated.

 Management/Outcome

 Patient Education
There are a number of factors to consider when 
managing patients with NAR.  Since NAR is a 
perennial condition that often requires  year- round 
treatment, patients need a clear understanding of 
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their disease so they better appreciate the impor-
tance of regular medication use. Patient educa-
tion, therefore, is the first step toward better 
control with a focus on trigger avoidance and 
safety/efficacy of pertinent medications. While 
exposure to certain environmental triggers like 
weather shifts cannot be prevented, avoidance of 
chemicals, odors, and noxious irritants in the 
home and workplace can be successful in reduc-
ing trigger exposures to varying degrees. Disease- 
triggering factors should be directed to the specific 
rhinitis phenotype as much as possible (i.e., 
abstaining from certain outdoor cold weather 
activities that can lead to skier’s nose and avoid-
ing certain drugs that can lead to drug- induced 
rhinitis). Medication adherence should also be 
addressed as patient compliance is essential to 
improving control. Treatment failure is often due 
to poor communication between the physician 
and patient. Candidly addressing patient concerns 
about medication side effects and long-term use, 
as well as providing clear instructions on proper 
administration technique, will significantly 
improve adherence and outcomes. For example, 
discussing common side effects like nose bleeds 
with nasal sprays, elevated blood pressure with 
oral decongestants, azelastine’s bitter taste, and 
somnolence sometimes associated with first-gen-
eration H1 antihistamines need to be discussed 
[16]. In the present case, we reviewed negative 
SPT results with the patient and discussed the dif-
ference between allergic and NAR. The concept 
of NAR is often difficult to comprehend as many 
patients frame their disease in relation to classic 
allergic triggers, interpreting nonallergic as not 
being allergic rather than having a condition 
called NAR.  A detailed explanation is often 
required to clarify any misconceptions, reinforce 
the relevance of this diagnosis, and stress the clin-
ical value of daily treatment with appropriate 
medications. In this case, pertinent triggers were 
discussed, including strong scents/odors and 
weather shifts during the spring and fall seasons. 
In addition, proper technique for nasal spray 
administration was reviewed to reduce the inci-
dence of epistaxis and improve compliance.

 Treatment
Despite appropriate avoidance measures, medica-
tion administration technique, and compliance, 
chronic rhinitis can be challenging to treat. Poor 
clinical outcomes occur when physicians take a 
“one-size-fits-all” approach, treating everyone with 
chronic rhinitis as if they have AR. Patients often 
have tried and failed multiple over-the-counter 
(OTC) and prescription therapies prior to seeking 
out specialist care, and many patients are frustrated 
with their current regimen. In fact, nearly 1/3 of 
allergy sufferers are not fully satisfied with their 
current prescription allergy medications [17]. In 
addition, pharmacotherapy may have different 
indications and effectiveness depending on the rhi-
nitis phenotype.

In this case fluticasone, montelukast, and 
cetirizine were discontinued due to poor effi-
cacy, which is consistent with the patient’s nega-
tive aeroallergen testing as these medications are 
either less effective (i.e., fluticasone) or not 
effective (i.e., montelukast and second-genera-
tion antihistamines) in NAR. The patient was 
instead started on azelastine 0.1% two sprays 
each nostril twice daily as well as OTC first-gen-
eration antihistamine, chlorpheniramine maleate 
4  mg tablet, nightly in conjunction with sinus 
rinses twice daily.

Azelastine nasal spray is a second-genera-
tion intranasal antihistamine approved for the 
treatment of both seasonal AR and NAR with 
H1-receptor binding significantly greater than 
both chlorpheniramine and hydroxyzine. 
Azelastine has a wide range of pharmacologic 
effects on chemical mediators of inflammation 
including leukotrienes, kinins, and platelet- 
activating factor in addition to downregulating 
intercellular adhesion molecule-1 expression 
and transient potential receptor vanillyl 1 
(TRPV1) [18, 19]. This medication was chosen 
for its effects on congestion and PND, good 
safety  profile, and rapid onset of action. For 
even greater efficacy, azelastine nasal spray can 
be combined with fluticasone propionate nasal 
spray, which has been shown to be more effec-
tive than either agent alone [20].
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 Case Presentation 2

A 72-year-old male presents to the office with a 
history of chronic, recurrent sinusitis, increased 
fatigue, and a concern for food allergy. According 
to the patient he gets around five to six sinus 
infections per year requiring antibiotics. He was 
evaluated by an otolaryngologist who recom-
mended surgery. Currently, he has a severe fron-
tal and retro-orbital headache as well as nasal 
congestion and is requesting antibiotics for what 
he considers to be a sinus infection. He has never 
had a computerized tomography (CT) scan of the 
sinuses. His chronic rhinitis symptoms include 
nasal congestion, PND, sinus pressure head-
aches, and excessive rhinorrhea that are perennial 
in nature with no seasonal variation. He has no 
eye itching or sneezing. His symptoms are trig-
gered when going into his musty basement at 
home and he’s concerned about mold allergy. The 
patient also has concerns about a number of foods 
since he experiences increased rhinorrhea every 
time he eats, especially with spicy foods. In addi-
tion to his nasal and sinus symptoms, the 
patient  has chronic fatigue and poor cognitive 
functioning, which has impacted his overall qual-
ity of life.

 Diagnosis/Assessment

Whereas AR requires symptoms on exposure to a 
sensitizing aeroallergen confirmed by SPT and/or 
serum sIgE, there are no conclusive tests avail-
able for the diagnosis of NAR. Instead, NAR is a 
diagnosis of exclusion based on the patient’s his-
tory, nonatopic status, and triggers that often 
include increased symptoms in response to odor-
ants and irritants in the absence of a specific eti-
ology (i.e., infectious, immunologic, structural, 
hormonal) [21]. Before in vivo or in vitro testing 
is attempted, there are a number of recognizable 
clinical and epidemiological features of NAR 
that help distinguish this condition from AR. For 
example, a number of studies have confirmed that 
NAR more commonly occurs in females later in 
life (>20 years), and there is typically no well- 
defined family history of physician-diagnosed 

allergies. Furthermore, symptoms usually are 
perennial rather than seasonal, although patients 
often report seasonality due to confusion between 
temperature and barometric changes with polli-
nation. Although symptoms alone are not useful 
for differentiating NAR from AR, patients with 
NAR typically present with nasal congestion, 
anterior or posterior rhinorrhea, recurring head-
aches, Eustachian tube dysfunction, and 
decreased olfaction. Often triggered by perfumes 
and fragrances that poorly respond to conven-
tional treatments used for management of AR 
such as second-generation antihistamines, leu-
kotriene receptor antagonists, and intranasal cor-
ticosteroids [22–24]. Complicating the diagnosis 
of NAR further is the observation that 30–50% of 
patients with chronic rhinitis might have an over-
lap of NAR and AR referred to as mixed rhinitis 
[22]. For this patient, his history is very sugges-
tive of NAR but SPT or serum sIgE testing is nec-
essary to rule out atopy. Furthermore, his 
reactions to eating are classic for a diagnosis of 
gustatory rhinitis and therefore food testing is not 
indicated. A more detailed synopsis of the differ-
ential diagnosis for chronic rhinitis is summa-
rized in Table 3.2.

 Diagnostic Imaging
While imaging is rarely part of the initial diag-
nostic workup for acute rhinitis associated with 
sinusitis, in cases presenting with chronic rhinitis 
with recurrent sinusitis, a CT scan without con-
trast of the sinuses may be appropriate to exclude 
structural issues, especially if the patient has 
been unresponsive to OTC and/or prescription 
medications. Sinus CT without contrast is pre-
ferred over magnetic resonance imaging (MRI) 
due to better resolution of mucosal disease and 
sinus ostial occlusion [25]. However, although 
MRI doesn’t display the bony anatomy as well as 
CT, it is considered better at evaluating the 
mucosa and distinguishing between bacterial- 
viral inflammatory disease and fungal  concretions 
[26]. Sinus plain films are inappropriate because 
they fail to provide an accurate representation of 
the extent of disease with poor visualization of 
pertinent sinus anatomy and the paranasal sinus 
perimeter [27]. Minimizing the number of CT 
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scans performed in patients with chronic rhinosi-
nusitis is recommended, especially in children, 
due to the concern for cumulative radiation expo-
sure over time. In this case, the patient was 
receiving recurrent courses of antibiotics and had 
been recommended for surgery; therefore, obtain-
ing a CT scan of the sinuses to demonstrate the 
presence or absence of sinus pathology is appro-
priate. A CT sinus performed for this patient 
while actively symptomatic revealed no struc-
tural abnormalities, providing objective guidance 
for future management while negating the need 
for overusing antibiotics in the future.

 Comorbidities
Assessment of chronic rhinitis comorbidities is 
often an overlooked aspect of a comprehensive 
NAR evaluation. Asthma, sinusitis, and obstruc-
tive sleep apnea syndrome (OSAS) can be associ-
ated with both AR and NAR.  An estimated 
10–40% of chronic rhinitis patients suffer from 
asthma [1]. Failure to recognize and treat chronic 
rhinitis appropriately can lead to worsening con-
trol and severity of these conditions [28–34]. For 
example, asthma is linked to chronic rhinitis by 
common epidemiologic, physiologic, and patho-
logic mechanisms as demonstrated by the hypoth-
esis that both asthma and rhinitis are 
manifestations of the same disease that affects 
the entire airways [7, 35]. Recognizing this rela-
tionship is important as many patients do not 
readily report lower respiratory symptoms such 
as wheezing, chest tightness, or shortness of 
breath. Therefore, screening patients with a peak 
expiratory flow rate and, if decreased, with spi-
rometry pre- and post-bronchodilators (and 
exhaled nitric oxide (eNO) if appropriate and 
available) should be incorporated into the workup 
in order to exclude asthma. Furthermore, if the 
patient manifests clinical signs of OSAS such as 
snoring, apnea spells, hypersomnolence during 
the day, headaches, and irritability, a sleep apnea 
study should be considered [7]. The patient in 
this case presented with a history concerning for 

Table 3.2 Differential diagnosis of chronic rhinitisa

• Allergic rhinitis (seasonal/perennial)
• Nonallergic rhinitis and various subtypes
  – Nonallergic vasomotor rhinitis/nonallergic 

rhinopathy (also known as irritant-induced rhinitis, 
and idiopathic rhinitis)

  – Nonallergic rhinitis with eosinophilia
  – Drug-induced rhinitis (i.e., rhinitis 

medicamentosa)
  – Hormonal induced rhinitis
  – Atrophic rhinitis
  – Senile rhinitis
  – Gustatory rhinitis (rhinorrhea associated with 

eating)
  – Cerebral spinal fluid leak manifesting as 

rhinorrhea
• Mixed rhinitis
• Infectious rhinitis (viral, bacterial, and chronic 
rhinosinusitis)
• Episodic rhinitis
• Occupational rhinitis
• Localized AR or entopic rhinitis
• Rhinosinusitis with and without polyps
• Aspirin intolerance (aspirin triad)
• Drug-induced rhinitis
  – Rhinitis medicamentosa (decongestants)
  – Beta-blockers
  – Birth control pills
  – Antihypertensives

• Rhinitis secondary to:
  – Pregnancy
  – Hypothyroidism
  – Horner’s syndrome
  – Wegener’s granulomatosis
  – Sarcoidosis
  – Relapsing polychondritis
  – Sjögren’s syndrome
  – Midline granuloma

• Structural conditions causing rhinitis:
  – Foreign body
  – Nasal polyps
  – Nasal septal deviation (intranasal cocaine, 

septal surgery)
  – Enlarged tonsils and adenoids
  – Nasal tumors
  – Cerebral spinal fluid rhinorrhea
  – Choanal atresia
  – Hypertrophic turbinates

aAdapted from [21]
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chronic rhinitis, but also complained of chronic 
fatigue, headaches, poor cognitive functioning, 
and impaired quality of life. A sleep study was 
ordered that confirmed the diagnosis of moderate 
OSAS.  In addition, SPT to aeroallergens was 
negative making a diagnosis of NAR more likely. 
Continuous positive airway pressure (CPAP) 
treatment in combination with more directed 
treatment of his NAR led to dramatic improve-
ment in daytime functioning, and a resolution of 
chronic fatigue resulting in improved quality of 
life.

 Treatment and Management/
Outcome

Chronic rhinitis that is more difficult to treat fre-
quently is associated with a NAR component or is 
actually NAR. There are many treatment nuances 
that should be differentiated in the management of 
NAR compared to AR. In treating NAR, second-
generation H1-antihistamines are ineffective 
because histamine is not the major mediator driv-
ing symptoms and these agents have little or no 
anticholinergic effects, which are useful for reduc-
ing PND.  In addition, leukotriene- modifying 
agents have no role in the management of NAR for 
similar reasons. Frequently, nasal corticosteroids, 
which are now OTC and recommended as first-
line treatment for AR, are often used by physicians 
to treat chronic rhinitis but are only partially effec-
tive and sometimes completely ineffective at con-
trolling symptoms. Combination treatment with 
fluticasone and azelastine has proven to be very 
effective rather than using either agent alone in the 
management of AR. Although there are no defini-
tive studies, clinical experience has found that this 
combination is also very effective for many 
patients with NAR. Both of these agents have been 
individually studied and found effective in the 
treatment of NAR through different mechanistic 
pathways. Azelastine has recently been demon-
strated to desensitize TRPV1 similar to capsaicin 
[19, 36]. Fluticasone has been shown to increase 
degradation of neuropeptides. Furthermore, the 
combination of azelastine and fluticasone 

(Dymista™) has been found to be effective in 
reducing cold- induced rhinitis by reducing sub-
stance P and altering biologic pathways involved 
in  ciliogenesis, epithelial barrier function, and 
mucus production [37].

In this case Dymista™ was started given his 
incomplete response to fluticasone. While 
 currently only approved for the treatment of sea-
sonal AR, Dymista™ is an effective nasal spray 
as demonstrated by a number of clinical trials. 
Symptoms in these studies were scored using a 
reflective total nasal symptom score (rTNSS) 
which included nasal congestion, rhinorrhea, 
nasal itching, and sneezing. Dymista™ demon-
strated a rapid onset of action (within 30 min), 
lower spray volume compared to component 
devices, and impressive improvements in rTNSS 
relative to commercially available generic fluti-
casone propionate (90%) and azelastine (196%) 
[38–40]. Another single-blind, crossover study 
randomized AR patients into three treatment 
groups using nasal provocation testing and acous-
tic rhinometry to gauge symptom response and 
found that combined therapy with azelastine plus 
budesonide offered more substantial therapeutic 
benefits than either of the medications by them-
selves [41].

Ipratropium bromide nasal spray is an effec-
tive adjuvant in an NAR regimen, especially if 
the chief complaint is rhinorrhea. A number of 
studies have examined the safety and efficacy 
of this anticholinergic nasal spray with impres-
sive results. There was improvement in patient 
quality of life, reduction in the need for other 
medications, significant reduction in rhinor-
rhea, and no drug-related serious or systemic 
anticholinergic adverse events [42–44]. It is 
important to note that there were minimal 
effects on duration or severity of PND, conges-
tion, or sneezing in these studies. However, 
given the gustatory rhinitis component to his 
NAR, starting ipratropium bromide 0.03% 
nasal spray 1–2 puffs each nostril before each 
meal would be appropriate to lessen or stop his 
eating-induced rhinorrhea. Additional pharma-
cologic options for the treatment of NAR are 
detailed in Table 3.3.
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 Conclusion

As demonstrated by these patients, chronic rhinitis 
can present with a wide range of signs and symp-
toms, so correct diagnosis and treatment require a 
thorough understanding of the various phenotypes 
and sub-phenotypes as well as an appreciation for 
proper testing modalities and interpretation. A com-
prehensive clinical history detailing family history, 
age of symptom onset, allergic and/or nonallergic 
triggers, seasonality, pertinent comorbidities, and 
response to treatment are all important components 
of an appropriate evaluation. Continual reassess-
ment of symptomatic control, compliance with 
treatment, and ensuring proper medication adminis-
tration technique should be standard of care since 
NAR is typically a chronic condition. Ultimately, 
NAR is an overlooked and underappreciated syn-
drome. A better understating of the pathogenesis, 
prevalence, and economic impact of this condition 
is needed to bring attention to NAR and its impact 
on patients and the healthcare system.

 Clinical Pearls and Pitfalls

• Onset of symptoms later in life (more com-
mon after age 20) with no evidence of a family 
history of physician-diagnosed allergies.

• More common in females.
• Perennial symptoms with very little seasonal 

variation and a broad range of irritant triggers 
including changes in temperature, humidity, 
barometric pressure, strong scents/odors, pol-
lutants, and chemicals.

• Negative aeroallergen skin testing and/or 
serum sIgE testing.

• Symptoms most commonly include nasal con-
gestion and postnasal drainage with or with-
out cough. Infrequent eye complaints and 
minimal itching noted.

• Unlike AR, pure NAR does not seem to be as 
responsive to second-generation H1- 
antagonists, leukotriene-modifying agents, or 
allergen immunotherapy. These patients also 
have an incomplete or no response to nasal 
corticosteroids as monotherapy.

• NAR responds better to topical nasal antihis-
tamines, a combination of nasal corticoste-
roids and nasal antihistamines, nasal saline 
rinses, and oral first-generation H1- antagonists 
because of their anticholinergic effect.
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Mixed Rhinitis

Chandra Vethody and Jonathan A. Bernstein

 Case Presentation 1

A 37-year-old Caucasian female with a history of 
seasonal allergic rhinitis (AR) since childhood 
 presents with progressive worsening of nasal 
 congestion, rhinorrhea, sneezing, and postnasal 
drip for the past 2 years. Her allergy symptoms 
are  typically worse every spring and fall, 
 controlled with an over-the-counter non-sedating 
H1-antihistamine. More recently, over the past 6 
years she has noticed increased symptoms 
 triggered by a spectrum of odorants and irritants, 
specifically fragrances, perfumes, fabric  softeners, 
detergents, and gasoline fumes. She started to 
avoid using  perfumes and hairsprays over the last 
6 months, which seemed to reduce her 
rhinorrhea.

When she was a child she remembers being 
evaluated by an allergist for allergies and was told 
that she was allergic “to everything.” She began 
allergen immunotherapy but only  continued them 
for approximately 1 year as her family relocated to 
another city for work and they never pursued 
 follow-up care for her condition as her symptoms 

seemed to be controlled with  medications during 
the season. She currently lives with her husband, 
who smokes but does so outdoors, but she is still 
bothered by tertiary smoke exposure from his 
clothes. More recently, she has been waking up at 
night two to three times a week choking and 
 coughing from postnasal drainage. Her symptoms 
have worsened to the point where she is now unable 
to sleep at night, resulting in severe fatigue during 
the day. She has no history of asthma or recurrent 
sinus infections and is taking no other medications. 
She has no clinical signs or  symptoms consistent 
with obstructive sleep apnea. She works on her 
 family farm and lives in an old farmhouse heated by 
a wood-burning stove without air-conditioning.

On physical examination her nasal cavity 
shows enlarged turbinates with beefy red nasal 
mucosa and scant thick secretions greater on the 
right than left side.

Examination of her auditory canal revealed 
retracted tympanic membranes bilaterally, and her 
posterior pharynx revealed cobblestoning  consistent 
with chronic postnasal drainage. Her lung and 
 cardiovascular examinations were unremarkable.

Skin prick testing revealed sensitization to trees 
and ragweed, which correlated to her  seasonal 
allergies. Initial treatment  recommendations were 
to start a nasal corticosteroid spray and to continue 
use of an over-the-counter  non- sedating 
H1-antihistamine on a daily basis. She now returns 
to the office feeling no better after taking this 
 treatment regimen for 2 months.
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 Discussion

This case illustrates a patient presenting with 
mixed rhinitis (MR). Her history of seasonal aller-
gic rhinitis (SAR) as a child has progressed in 
adulthood to a more complex condition that is 
unresponsive to conventional medications used to 
treat allergic rhinitis. Her symptoms are now pre-
dominantly triggered by a spectrum of odorants 
and noxious irritants. The diagnosis of AR versus 
nonallergic rhinitis (NAR) cannot be made based 
on symptoms alone, as sneezing, rhinorrhea, nasal 
congestion (anterior or posterior), and nasal 
 itching can be present in patients with either con-
dition [1]. A previous study investigated olfactory 
thresholds between patients with AR, MR, and 
NAR responses using an automated olfactometer 
using a single staircase paradigm. They found no 
difference in olfactory threshold responses 
between groups, indicating that overactive 
 olfaction didn’t account for the aberrant olfaction 
manifested by patients with NAR and MR [1].

Mechanistically, AR is IgE mediated, meaning 
patients exhibit specific IgE antibody responses in 
direct response to perennial and/or seasonal aller-
gens and their symptoms are directly related to 
exposure to these sensitizing aeroallergen(s). In 
contrast, as discussed in Chap. 3 (Nonallergic 
Vasomotor Rhinitis) the most common subtype of 
this category is vasomotor rhinitis, which is likely 
neurogenic in origin [2]. The likely mechanism, 
in part, involves activation of TRP receptors in the 
nose by mechanical, osmotic, temperature, or 
chemical triggers that activate nociceptive fibers, 
resulting in depolarization and release of neuro-
peptides (i.e., substance P, calcitonin gene-related 
peptide, neurokinins …) as well as sending 
impulses through the CNS that results in overac-
tivity of the parasympathetic nervous system, 
resulting in vasodilation and increased mucus 
production manifesting as nasal congestion and 
posterior or anterior rhinorrhea [2]. It is still 
unclear how NAR and AR biologic pathways 
interface, but neuropeptides released can cause 
direct activation of mast cells, which can thus syn-
ergistically enhance clinical symptoms [3]. 
Regardless, understanding that separate pathways 
are at play in this pathway can help clinicians and 

patients better understand why medications 
approved to treat AR have an incomplete or no 
effect on the above patient.

Since the symptoms of AR and MR overlap, it 
is important to distinguish between these condi-
tions by taking a thorough history and conducting 
a careful physical examination. Whereas a diag-
nosis of AR is more likely to begin early in life 
(i.e., childhood or adolescence) and is associated 
with a family history of allergies in either or both 
parent, NAR more commonly manifests later in 
the third or fourth decade of life and there is a 
poor family history of atopy. Furthermore, 
patients with AR may have evidence of the “aller-
gic march,” which is associated with other atopic 
disorders such as atopic dermatitis, food allergy, 
and asthma. Allergic rhinitis patients often have 
seasonal symptoms that are worse outdoors that 
improve indoors and/or symptoms in specific 
response to furry pets (i.e., cats greater than dogs), 
whereas NAR patients may have symptoms 
related to temperature or barometric pressure 
changes and frequently in response to noxious 
odorants and chemical irritants. Due to ambiguity 
of some close-ended questions, it is important to 
phrase questions correctly to ensure that the 
patient’s responses reflect the intent of the ques-
tion. For example, asking about seasonality of 
symptoms can be mistakenly misconstrued as 
seasonal allergies, when in fact they actually rep-
resent changes in barometric or temperature 
changes. Brandt et  al. previously found that 
patients with no family history of atopy, adult 
onset of upper respiratory symptoms (>35 years), 
no seasonality of symptoms or worsening of 
symptoms around cats and other furry pets, and 
worsening of symptoms by fragrances/perfumes 
had 98% likelihood of having nonallergic vaso-
motor rhinitis, before allergen testing. However, 
not all NAR patients endorse these triggers, which 
could be due to a lack of exposure opportunity or 
poor recognition of hidden  triggers in their sur-
rounding environment. Therefore, an absence of 
characteristic nonallergic triggers should not 
exclude a diagnosis of NAR [4]. Thus, when 
patients exhibit both allergic and nonallergic trig-
gers and/or a poor response to medications 
designed to treat allergic rhinitis (i.e., intranasal 
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corticosteroids with or without second- generation 
H1-antihistamines), a diagnosis of mixed rhinitis 
should be considered [5].

A more recent study compared how diagnoses 
of AR, NAR, and MR subtypes using physician 
diagnostic criteria correlated with diagnosis 
using an irritant index questionnaire that quanti-
fies the severity of rhinitis symptoms in response 
to 21 nonallergic triggers in conjunction with 
specific IgE testing [6]. It was found that a sig-
nificant number of patients originally categorized 
as AR by physician history that didn’t quantify 
the magnitude of symptoms in response to nonal-
lergic triggers in conjunction with specific IgE 
testing were reclassified as MR based on irritant 
index questionnaire responses in conjunction 
with specific IgE testing [6]. These patients were 
referred to as AR with a high irritant burden 
(a.k.a. mixed rhinitis) [6]. Interestingly, it was 
also found that those patients with high irritant 
burden AR and high-burden NAR (i.e., VMR) 
were more likely to have a physician diagnosis of 
asthma as well as a greater magnitude and sever-
ity of self-reported rhinitis symptoms compared 
to those reclassified as low-burden AR or NAR 
patients [6]. Thus, in the patient above, it is clear 
that based on her history of symptoms in response 
to the nonspecific irritants along with symptoms 
that seem to be exacerbated during the spring, her 
clinical diagnosis is suggestive for MR.

On physical examination, swollen turbinates 
with pale mucosa are suggestive of AR, whereas 
perennial AR or VMR typically has more ery-
thematous beefy red turbinates. However, it 
should be noted that physical examination alone, 
like symptoms, is not able to reliably differentiate 
between AR, MR, and VMR.

The diagnosis of MR requires evidence of sen-
sitization to aeroallergens confirmed by allergen 
skin prick or serologic testing. However, negative 
testing does not completely rule out AR or MR due 
to the presence of possible localized mucosal spe-
cific IgE levels referred to as local allergic rhinitis 
(LAR) or entopic rhinitis [7]. Local allergic rhinitis 
refers to a localized nasal allergic response in the 
absence of systemic atopy characterized by local 
mucosal production of IgE antibodies [7]. 
Characteristics of LAR such as younger age of 

symptom onset and family history of atopy that are 
more consistent with AR can help differentiate this 
condition from NAR. However, lack of response to 
medications designed to treat AR is a fairly good 
indicator that the patient more likely has at least a 
NAR component to their chronic rhinitis condition. 
Diagnosis of LAR is confirmed by a nasal aeroal-
lergen provocation test to the suspected allergen 
and favorable response to medications used to treat 
AR, unlike what is observed in NAR or MR [7]. 
Figure  4.1 summarizes the algorithmic approach 
for diagnosing AR, NAR, and LAR [8].

Nasal cytology can also be used to differenti-
ate chronic rhinitis subtypes, especially the 
 rhinitis subtype, nonallergic rhinitis with eosino-
phil syndrome or NARES [9, 10]. Nasal cytology 
has also been used to characterize NAR with 
increased mast cell and NAR with increased neu-
trophils [9, 10]. Despite its ability to differentiate 
these chronic rhinitis subtypes and their differen-
tial responses to treatment, nasal cytology cannot 
be easily performed in a clinical setting and is 
technically difficult to reproduce making this 
testing less practical.

In summary, diagnosis of MR requires a 
 careful history to elicit inciting triggers and diag-
nostic testing to assess the patient’s allergic 
 status. These patients have some sensitizations 
that account for some but not all of their clinical 
symptoms. Typically, they also notice increased 
congestion, drainage with or without sinus pres-
sure/headaches, and ear popping/plugging in 
response to chemicals, odorants, and changing or 
extreme weather conditions. Incomplete treat-
ment response to medications designed to treat 
AR is an important clinical clue that a more com-
plex form of chronic rhinitis exists.

 Case Presentation 2

A 45-year-old female with a past medical history of 
AR confirmed by SPT and high serum IgE levels in 
the past currently treated with intranasal fluticasone 
daily and cetirizine 10 mg once daily and allergic 
asthma and chronic idiopathic hives treated with 
omalizumab presented to the office for follow-up of 
progressively worsening rhinitis symptoms.

4 Mixed Rhinitis
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She reports decreased control of her sneezing, 
postnasal drip, and itchy nose on the above medi-
cations over the last several years. She reports 
occasional cough but denies any chest tightness or 
dyspnea. Lately, she has also noticed increasing 
rhinorrhea and nasal obstruction when she went on 
a ski trip to Colorado and has been reacting in a 
similar fashion to strong perfumes and potpourris.

Her last allergy testing was 10 years ago, which 
confirmed sensitivity to most seasonal and perennial 
aeroallergens including cats, dogs, and dust mites. 
She had been treated with allergen immunotherapy 
(AIT) at that time for 3 years with some improve-
ment in her symptoms, but she still required daily 
medications. She reports good control of her asthma 
and hives. She has no recurrent sinus infections, evi-
dence of obstructive sleep apnea, or headaches.

Physical examination shows bilateral hypertro-
phied turbinates with cobblestoning consistent with 
postnasal drainage. Her chest exam was clear to per-
cussion and auscultation. Spirometry was normal.

 Discussion

Her history of irritant exposure and weather changes 
worsening her symptoms indicates that she may 
have a nonallergic rhinitis component to her rhinitis. 
Furthermore, she has not responded to first-line 
therapy, which included a nasal corticosteroid spray 
indicated for mild-to-moderate AR [11]. Thus, it is 
reasonable to suspect that her symptoms are not 
completely due to AR or LAR, which typically 
respond well to nasal corticosteroids with or with-
out oral H1-antihistamines. Also of note, previous 
treatment with AIT only elicited partial improve-
ment of her clinical symptoms. The next steps 
would be to ensure that she was adherent to previ-
ous rhinitis medications and to reassess her allergic 
status to determine if she is sensitized to seasonal 
and/or perennial aeroallergens.

Skin prick testing does indeed indicate sensiti-
zation to dust mite, box elder tree, timothy grass, 
short ragweed, and cat. However, the testing 

CLINICAL SUSPICION OF AR
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Allergological evaluation of target organ
& peripheral response:

Postive

Fig. 4.1 Algorithmic approach to the diagnosis of 
AR, MR, and LAR. Reprinted from Campo P, Rondón 
C, Gould HJ, Barrionuevo E, Gevaert P, Blanca 

M. Local IgE in non-allergic rhinitis. Clin Exp Allergy, 
2015. 45(5): 872–881, with permission from John 
Wiley and Sons
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didn’t correlate with her history, as she denies any 
seasonality to her symptoms and doesn’t notice 
symptoms when she is around cats. This could be 
the result of persistent tolerance from previous 
AIT and/or omalizumab, which blocks peripheral 
IgE and down-regulates high-affinity IgE recep-
tors on mast cells, thereby stabilizing mast cell 
membranes. Although omalizumab has not been 
extensively studied or FDA approved for AR, it is 
plausible that similar pathomechanistic targets 
implicated for asthma and chronic idiopathic urti-
caria may also be involved in AR [12].

Treatment of MR requires using combination 
therapies effective for AR and MR. As discussed, 
neurogenic pathways are involved in MR similar 
to NAR, resulting in overactivity of the parasym-
pathetic nervous system [2]. Thus, in contrast to 
AR, in which therapies target specific biologic 
pathways, treatment of the NAR component of 
MR is primarily symptomatic due to the paucity 
of medications approved to treat this condition. 
Exceptions are medications such as capsaicin and 
azelastine, which can bind to and down-regulate 
TRPV1 receptors, and both have been found to be 
effective in the management of NAR [3, 13, 14]. 
Over-the-counter intranasal capsaicin sprays have 
been shown to be effective in reducing nasal con-
gestion, sinus pressure, headache, and pain in less 
than a minute; however, their half-lives are short 
and therefore require frequent dosing [15]. 
Similarly, intranasal antihistamines have been 
found to be effective in treating NAR [13]. 
Intranasal azelastine efficacy may be in part due 
to its effects on downregulation of TRPV1 recep-
tors, anticholinergic activity, and inhibition of 
neuropeptides like substance P released when 
nociceptive nerve fibers are depolarized [3]. The 
combination of intranasal corticosteroids and 
intranasal antihistamines approved for AR has 
also been recently studied for NAR [16, 17]. A 
study investigating the effect of azelastine/flutica-
sone combination therapy in an environmental 
control chamber after exposure to cold dry air 
found that there was an objective reduction in 
nasal congestion measured as minimum cross- 
sectional area (p < 0.05) by acoustic rhinometry, 
reduced cough count (p  <  0.05), and decreased 
substance P (p  <  0.01) [16]. The reduced sub-
stance P correlated strongly with reduced cough. 

Furthermore, gene targets for differentially 
expressed miRNAs enriched for biological path-
ways regulating epithelial ciliogenesis and cell 
integrity were down-regulated in the azelastine/
fluticasone-treated group compared to placebo 
[16]. Because both fluticasone and azelastine 
have been studied for AR and NAR and found to 
be effective, it is plausible that they will be simi-
larly effective for the treatment of MR [13, 18].

Ipratropium bromide is effective in alleviating 
anterior and posterior rhinorrhea in NAR and has 
been used in MR to control postnasal drainage with 
some effect [19]. Using this topical agent is prefera-
ble in older patients who may be more susceptible to 
the anticholinergic effects of oral anticholinergic 
agents. Other therapies that can be useful in VMR 
include nasal irrigation with saline [20], oral 
 first-generation H1-antihistamines, and systemic 
 anticholinergics like methscopolamine or glycophe-
nolate due to their anticholinergic effects [5]. These 
latter two agents should be reserved for patients with 
copious amounts of postnasal drainage not  controlled 
with topical therapy and/or simple  first- generation 
antihistamines like chlorpheniramine or diphen-
hydramine at bedtime. Medications like leukotriene 
receptor antagonists, although approved for AR, 
have no effect on NAR and are generally not found 
to be very effective in MR patients [5].

Allergen immunotherapy has been studied 
limitedly in MR compared to AR in a historical 
pre- and posttreatment study design [21]. Both 
MR and AR groups experienced reduced epi-
sodes of acute sinusitis and a significant decrease 
in the mean number of rhinitis medications after 
AIT (p < 0.001); however, the reduction in num-
ber of medications was significantly greater for 
the AR group (1.24 ± 1.09) compared to the MR 
group (2.09 ± 1.55) (p = 0.0023) [21]. This study 
suggests that the benefits of AIT are likely on the 
AR component in MR, since the MR group 
required more medications after a 5-year course 
than the AR group [21].

Nasal congestion continues to be a prominent 
and difficult-to-treat symptom of chronic rhinitis. 
Recently there have been several studies that 
 suggest that oxymetazoline, a topical nasal 
decongestant, can be used for an extended period 
(2 weeks) of time when it is used in conjunction 
with an intranasal corticosteroid [22–24]. In our 
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experience, this has been a very useful approach 
for treating patients with refractory congestion 
who have no other structural or systemic expla-
nation for this persistent symptom.

In summary, successful treatment of MR first 
requires recognition that there is a nonallergic 
component associated with AR, making it a 
“difficult- to-treat rhinitis” condition. Once this is 
determined, tailoring treatment using a wide 
range of medications is required based on the 
patient’s tolerance of medications, severity of 
symptoms, comorbidities like sinusitis, cost, and 
their preference. These cases require medication 
management with ongoing follow-up to ensure 
optimum clinical outcomes.

 Clinical Pearls and Pitfalls

 Pitfalls

• Mixed rhinitis is a relatively common form of 
chronic rhinitis that can be misdiagnosed, 
especially in a primary care setting as AR and 
NAR symptoms can overlap.

• Correct diagnosis of MR requires a careful 
clinical history with focus on elements such as 
family history of atopy, symptoms in response 
to irritants, odorants and weather changes, and 
previous responses to medications in conjunc-
tion with allergy testing to assess for atopy.

• Conventional therapies for AR like systemic 
oral non-sedating H1-antihistamines and 
intranasal corticosteroids are less effective for 
MR, so additional medications are typically 
required.

 Pearls

• A thorough history, physical examination, 
skin prick testing, or serum-specific IgE levels 
are essential for distinguishing between AR, 
MR, and NAR.

• A negative skin or serologic test does not 
exclude AR, as testing can be negative for 
LAR, which requires confirmation by nasal 

allergen bronchoprovocation and  measurement 
of nasal specific IgE.

• Rhinorrhea and nasal obstruction that occur in 
response to nonspecific odor and irritants or 
weather changes in conjunction with a posi-
tive aeroallergen skin or serologic testing that 
correlates with symptoms during exposure 
confirm a diagnosis of MR.

• MR is treated most commonly with intranasal 
antihistamines (i.e., azelastine), intranasal 
ipratropium bromide, and medications that 
can control congestion and drainage. Tailoring 
therapy to the patient’s needs and preferences 
is essential for a successful management plan.
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 Introduction

Rhinitis is an inflammatory disorder of the nasal 
mucosa clinically defined by two or more symp-
toms of nasal itching, sneezing, anterior or poste-
rior rhinorrhea, and nasal blockage [1]. When the 
symptoms are present at least 1 h daily and last 
longer than 2 weeks rhinitis is considered chronic 
[2]. The lifetime prevalence rates of acute rhinitis 
and chronic rhinitis are 100% and >20%, respec-
tively, which explains the considerable financial 
burden that the condition imposes to healthcare 
systems [3]. Moreover, chronic rhinitis nega-
tively affects work and school performance and 
has been related to learning disabilities in chil-
dren [4], and to an impairment in quality of life 
greater than that of arterial hypertension [5]. 
Chronic rhinitis is often associated with sinusitis, 
conjunctivitis, and asthma which further ampli-
fies its impact [6]. Nevertheless the condition has 
been historically trivialized and only in recent 
years it has gained significant attention.

Several classifications have been proposed for 
chronic rhinitis based on different parameters 
such as pathophysiology, pattern of symptoms, or 
trigger eliciting rhinitis [2]. One easy classifica-

tion divides the disorder into allergic rhinitis 
(AR) and nonallergic rhinitis (NAR). AR is the 
most frequent form of chronic rhinitis [7], and 
constitutes a homogenous phenotype with known 
pathophysiology defined by IgE sensitization to 
environmental allergens [6]. Conversely, NAR 
comprises a highly heterogeneous group of dis-
eases where immune-mediated inflammation is 
not always apparent [8]. The individuals suffer-
ing from all NAR phenotypes  show negative IgE 
sensitization tests, namely skin prick test (SPT) 
and serum-specific IgE (sIgE) [7]. Nonallergic 
rhinitis with eosinophilia syndrome (NARES) 
patients displays an eosinophilic infiltration of 
the nasal mucosa, together with perennial nasal 
symptoms [9]. Other phenotypes of NAR such as 
idiopathic or gustatory rhinitis are probably 
mediated by neurogenic stimuli affecting mucus-
secreting glands, with very little if any involve-
ment of immunologic responses [10, 11]. Cyclic 
variations of sexual hormones can also trigger 
congestive rhinitis in women by affecting the 
nasal vasculature perhaps through activation of 
nociceptive fibers and release of neuropeptides 
[12]. Atrophy of the nasal mucosa (especially the 
glands) and bacterial outgrowth elicit a rhinitis 
phenotype in the elderly with significant crusting 
and purulent discharge [13]. Other rhinitis cate-
gories do not properly fit in the allergic/nonaller-
gic dichotomy. Occupational rhinitis is caused by 
factors in the work environment and can be driven 
by both allergic  mechanisms [14], or by irritant 
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agents [15]. Similarly, drug-induced rhinitis can 
arise from inflammatory or neurogenic mecha-
nisms after the intake of medications [16]. The 
excessive local administration of decongestant 
sprays (either sympathicomimetics or imidazo-
lines) is responsible for rhinitis medicamentosa 
due to rebound nasal congestion [17].

Chronic rhinosinusitis (CRS) is a differenti-
ated disorder defined by the inflammation of the 
mucosa lining the nasal cavity and paranasal 
sinuses [18]. Chronic rhinosinusitis pathophysi-
ology has been related to an altered immune 
response to bacterial or fungal products in the 
nose and sinuses [19] and can be divided into two 
groups: CRS with nasal polyps (CRSwNP) and 
CRS without nasal polyps [18]. Patients with 
nasal polyps in Europe usually display an eosino-
philic inflammation of the upper airways, which 
makes their inflammatory pattern similar to 
NARES [19]. On the other hand, in Asian and 
some North American populations, neutrophilic 
polyps are more frequent [20]. Moreover, it is not 
uncommon that nasal polyps with eosinophilia 
coexist in the same patient with clinically rele-
vant IgE sensitization to allergens [18, 21].

Allergic rhinitis is driven by reexposure to sea-
sonal or perennial allergens in IgE-sensitized 
individuals [1]. Allergic rhinitis patients are by 
definition positive for at least one of the two tests 
to measure IgE sensitization: SPT and/or serum 
sIgE [6]. Nevertheless a significant proportion of 
nonallergic subjects also displays positivity for 
either test, demonstrating that the correlation of 
symptoms with allergen exposure is crucial for 
the interpretation of IgE sensitization [22]. A 
nasal allergen provocation test (NAPT) can help 
determine the clinical relevance of IgE sensitiza-
tion in this setting [23]. Interestingly, some 
patients with seasonal or perennial rhinitis symp-
toms display positive NAPT with negative SPT 
and serum sIgE. This disease phenotype has been 
termed local allergic rhinitis (LAR) [24, 25]. This 
disorder does not properly fit into any of the 
above-mentioned classifications of chronic rhini-
tis. Studies have demonstrated that LAR patients 
have a type 2 and eosinophil-dominated nasal 
inflammatory response [26, 27], which could lead 
erroneously to their classification in the NARES 

phenotype [2]. However, LAR patients share 
many clinical features and laboratory findings 
with AR individuals, including the reactivity to 
NAPT [28], and the presence of allergen- specific 
IgE in the nasal secretions [29]. Epidemiological 
studies have demonstrated that LAR is a moder-
ate-to-severe condition that tends to worsen over 
time [30], and similarly to AR is often associated 
to asthma and conjunctivitis [31]. Local allergic 
rhinitis is not an initial state of AR, as studies have 
shown that the long-term conversion to systemic 
atopy is comparable between LAR subjects and 
the general population [30].

In this chapter the recent advances in LAR 
research will be described, with special focus on 
epidemiology, pathophysiology, diagnostic 
approach, and treatment.

 Epidemiology

Clinical and epidemiological studies have demon-
strated that LAR is an underdiagnosed entity that 
may affect individuals from different countries, 
ethnic groups, and age ranges [26, 27, 31–38]. 
Although a prevalence study in the general popu-
lation is lacking, studies from different geographi-
cal areas have shown that LAR can be present in 
more than 47% of patients previously diagnosed 
of NAR or NARES [27, 37, 39–41], and in 25.7% 
of individuals with rhinitis symptoms referred for 
evaluation to allergy clinics [31].

Local allergic rhinitis patients can display sea-
sonal or perennial symptoms, with persistent or 
intermittent patterns. Data available to date iden-
tify a few allergens as symptom triggers in most 
LAR individuals. They include house dust mite 
(HDM), grass and olive tree pollens [26, 27, 32, 
42–45], and molds [31, 33]. Nevertheless, it is 
not studied whether other less common allergens 
can also elicit symptoms.

Available studies identify D. pteronyssinus as 
the main agent inducing nasal reactivity in both 
young adults and elderly patients with AR or 
LAR.  Interestingly, reactivity to Alternaria was 
frequent in LAR subjects, whereas sensitization 
to animal dander was typical of AR individuals 
[31–33].
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Local allergic rhinitis and AR patients share 
many demographic and clinical features. The 
prototypical LAR patient is a young nonsmoking 
woman, with severe or moderate rhinitis and per-
sistent/perennial symptoms which are frequently 
associated with conjunctivitis and asthma. Nasal 
itching and watery rhinorrhea are the most fre-
quent complaints and house dust is the most fre-
quent trigger eliciting rhinitis [31].

Although LAR is more frequent in young 
adults [31], data from different studies show that 
children [31, 34, 46, 47] and elderly individuals 
[33] may also be affected.

The prevalence of LAR in elderly rhinitis 
patients (21%) is slightly lower than in young 
adults, as demonstrated in a study performed in 
219 rhinitis patients [33]. In this study D. pteron-
yssinus was the main allergen in both AR and LAR 
elderly individuals and, similar to young adults, 
most LAR patients were women with persistent 
and perennial rhinitis [31]. However some differ-
ences between young adults and elderly subjects 
with LAR were observed. Older LAR patients 
were more frequently current or former smokers, 
had more commonly a family history of atopy, and 
suffered from milder rhinitis symptoms as com-
pared with young adults with LAR [33].

Nevertheless significant differences in the 
prevalence of LAR and the demographic features 
of LAR patients might exist between distinct 
geographical areas, as environmental factors can 
influence the development and progression of the 
disease. In this regard, several aspects remain to 
be elucidated: Are the differences in LAR preva-
lence related to variations in the allergen expo-
sure or allergenic load between geographical 
areas with distinct climates? Do environmental 
factors such as air pollution, temperature, or 
humidity influence more the onset of LAR than 
the onset of (“systemic”) AR? [48].

A significant research effort is warranted dur-
ing the upcoming years to address these and other 
questions. Of note, recent data have shed some 
light into the influence of environmental aller-
genic load on LAR development [48]. This study 
found a high proportion of LAR among subjects 
with rhinitis symptoms in two different geo-
graphical areas both with high allergenic load of 

two unrelated allergens: grass pollen and 
HDM. This study demonstrates that LAR is not 
exclusively limited to areas with low/moderate 
allergenic load [46, 49].

All of these observations indicate that LAR is 
often under- or misdiagnosed. In this regard, 
there is an urgent need to determine the preva-
lence and incidence of LAR by performing large 
multicenter population studies, both in adults and 
children, which take into account environmental 
factors such as pollution, and which use consen-
sus procedures for LAR diagnosis.

 Local Allergic Rhinitis in Pediatric 
Population

Allergic rhinitis is a frequent disease in the pedi-
atric population that causes severe and disturbing 
symptoms affecting daily activities, school per-
formance, and sleep. In addition, AR is associ-
ated with cognitive impairment and physical 
complications during childhood. Allergic rhinitis 
may often coexist with other diseases involving 
the skin and mucous membranes such as con-
junctivitis, asthma, otitis media, and atopic der-
matitis, or with systemic disorders such as food 
allergy. Typical symptoms and signs of AR are 
summarized in Table 5.1. AR prevalence in the 
Western population is ~20–40%, and the disease 
is nowadays considered a major public health 
problem that is on the rise [50]. Prospective stud-
ies show that AR prevalence rises from 3.4% at 4 
years of age to >30% at age 18 [51]. Patients with 
typical rhinitis symptoms and no evidence of sys-
temic atopy (negative SPT/serum sIgE) have 
been usually classified in the NAR phenotype. 
However, studies performed in the last decade 
demonstrate that the proper classification of 
patients with nasal symptoms and absent sys-
temic IgE sensitization requires the evaluation of 
the target organ (the nasal mucosa) by means of a 
specific test such as NAPT [48].

The onset of nasal symptoms occurs during 
childhood in a significant proportion of LAR indi-
viduals. Recently, some authors have suggested 
that childhood LAR is merely the initial step of 
adult AR [52]. However, currently there is no 
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experimental data supporting the conversion of 
LAR into AR. On the contrary, it has been demon-
strated that in adults LAR is a stable condition 
that does not evolve to AR over time [30, 53].

Studies analyzing LAR in pediatric popula-
tions are still scarce (Table 5.2), include only a 
limited number of children, and report a wide 
prevalence ranging from 0 to 66.6%. In a study 
performed by Fuiano et al., in 36 individuals with 
ages ranging from 4 to 18 years NAPT with 
Alternaria was performed, and 64% of patients 
displayed positive responses [54]. Another study 
in Thailand with 25 NAR children between 
the ages 8 and 18 years did not find any positive 
responses to HDM nasal provocation [55]. 
More recent studies in children from distinct 
geographical areas have found NAPT reactivity 
to different allergens ranging from 25 to 66.6%. 

These findings illustrate that LAR is an important 
condition that should be included in the differen-
tial diagnosis in children with presumed NAR 
[46, 56, 57]. In conclusion, LAR must be consid-
ered in children with typical AR symptoms and 
negative SPT/sIgE, but more studies with larger 
populations are required.

 Pathophysiology

The immunopathology of LAR is not well 
understood. In 20–40% of patients with posi-
tive NAPT but absent systemic sensitization, 
sIgE has been found in the nasal secretions 
[26–28]. Nevertheless the source of this sIgE is 
not clear. The synthesis of all mature antibodies 
is induced in germinal center B cells in a pro-
cess involving class switch recombination of 
their heavy chains, a phenomenon affecting the 
functional specialization of the antibody [58]. 
This step is followed by the somatic hypermuta-
tion (SH) of the variable regions of the antibody 
in order to increase the affinity for its cognate 
antigen [58]. These two processes require dif-
ferent enzymes such as activation- induced cyti-
dine deaminase and recombination-activating 
gene 1 or 2 [58]. During class switch recombi-
nation, DNA in the heavy-chain locus is rear-
ranged to juxtapose distant DNA regions and 
to generate isotype- specific switch circles that 
are ultimately eliminated. Mature B cells exit 
the secondary lymphoid organs and differen-
tiate into antibody-producing plasma cells or 

Table 5.1 Clinical symptoms and signs of allergic rhini-
tis in children

Clinical symptoms and signs of 
allergic rhinitis Cause
Adenoid face Nasal 

obstructionOral breathing
Gingival mucosa hypertrophy
Chapped lips
Dental malocclusion
Transverse nasal crease Nasal pruritus
Elevated nose tip
“Allergic salute”
Snoring Sleep apnea
Fatigue
Eye bags
Infraorbital fold

Table 5.2 Prevalence of local allergic rhinitis in children

Author Year Country Study group Age Allergen
Positive response NPT 
(n, %)

Fuiano et al. 2012 Italy 36 NAR (perennial) Children 
4–18

Alternaria 23/36 (64%)

Buntarickporpan 
et al.

2015 Thailand 25 NAR (perennial) Children 
8–18

DP 0/25 (0%)

Blanca-López 
et al.

2016 Spain 61 NAR (seasonal) Adults/
Children

Phleum 37/61 (61%)

Duman et al. 2016 Turkey 28 NAR (seasonal/
perennial)

Children 
5–16

DP, DF, 
grass mix

7/28 (25%)

Zicari et al. 2016 Italy 18 NAR (perennial) Children 
6–12

DP, DF, 
Lolium

12/18 (66.6%)

DP Dermatophagoides pteronyssinus, DF Dermatophagoides farinae
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memory B cells. The synthesis of IgE requires 
IL-4 and presents several differences compared 
to other immunoglobulin isotypes [59]. These 
features include increased apoptosis of germinal 
center-derived IgE+ B cells or impaired forma-
tion of IgE+ memory B cells that can result in 
a low frequency or insufficient affinity matura-
tion of germinal center- derived IgE antibodies 
[59, 60]. Nevertheless, high-affinity IgE can be 
produced by IgG+ memory B cells in the mucosa 
following class switch recombination to IgE 
(εCSR) [59]. This sequential εCSR generates a 
switch circle different from that of direct εCSR 
[60] (Fig. 5.1). In the nasal mucosa of individu-
als with AR or CRSwNP markers of εCSR have 
been demonstrated [61, 62], and in AR patients, 
sIgE is usually detected in the nasal secretions 
[63]. In this regard, it is believed that high-affin-
ity IgE in the bloodstream of allergic individuals 
is mainly derived from the mucosa rather than 
from the lymphoid organs [59, 64]. Although 
sIgE has been found in the nasal secretions of 
some LAR subjects [27], definitive evidence 

for IgE synthesis in the nasal mucosa of these 
patients is lacking. Moreover the proportion of 
LAR patients with detectable nasal sIgE is con-
sistently under 50% [26, 27], a fact partially 
explained by the dilutional effect of the methods 
necessary to collect nasal secretions. However, 
mechanisms such as immunoglobulin free light 
chains (FLC) have also been implicated in the 
development of chronic rhinitis in the absence of 
systemic atopy [65]. In patients with eosinophil 
dominated nasal diseases but without systemic 
IgE sensitization, higher levels of FLC were 
found both at the tissue level and serum as com-
pared with healthy or atopic controls [66, 67]. 
Moreover anti-IL-5 treatment reduced local FLC 
concentrations in patients with CRSwNP [66], 
further relating FLC to type 2 responses. FLC 
are secreted by plasma cells together with whole 
antibodies, and similarly to IgE can sensitize 
mast cells for activation upon cross-linking by 
their cognate antigens [68]. The nature of FLC 
receptor on mast cells remains elusive but it 
differs from the ones binding IgE or IgG [65]. 
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CSR
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SH

SH
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Fig. 5.1 Differential synthesis of high-affinity IgE with 
respect to other immunoglobulin isotypes. The interaction 
of IgM+ naïve B cells with activated T cells in the germi-
nal centers of the secondary lymphoid organs induces the 
class switch recombination of IgM to generate activated 
IgG+, IgA+, or IgE+ B cells. IgG+ and IgA+ B cells 
undergo subsequent somatic hypermutation (SH) to gen-
erate circulating high-affinity IgG-producing and IgA 
 producing memory B cells and plasma cells. IgE+ B cells 
in the germinal centers experience a high rate of apoptosis 

and deficient SH. These phenomena determine the low 
frequency and insufficient affinity maturation of circulat-
ing IgE derived from the secondary lymphoid organs. 
Nevertheless, high-affinity IgE can be generated in the 
mucosae upon IL-4 signaling and class switch recombina-
tion of IgG+ memory B cells to generate IgE+ plasma 
cells. Mucosal high-affinity IgE exerts its functions in the 
neighboring resident immune cells, but can also traffic 
through the lymphoid vessels and be detected in the 
bloodstream
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Nevertheless, there is no evidence relating FLC 
to positive NAPT responses. Whether patients 
with FLC-driven rhinitis (if they exist at all) 
should be termed “atopic” or “allergic” is also 
a matter of debate [69]. Basophil activation test 
(BAT) uses flow cytometry to measure allergen 
triggered activation of peripheral basophils and 
is increasingly used in allergy diagnosis [70]. 
Because sIgE can enter the bloodstream from the 
nasal mucosa via the lymphatic vessels, circulat-
ing basophils can bind IgE and thus become sen-
sitized [71]. In this regard, basophils could be the 
only carriers of circulating high-affinity IgE in 
LAR, whereas in AR IgE would be found at both 
free and basophil-bound states. Interestingly, 
basophil depletion in blood samples from AR 
subjects has significantly reduced sIgE in cul-
ture supernatants [64]. Studies from our group 
found that 66–50% of SPT-/serum sIgE-negative 
NAPT-positive individuals display positive BAT 
responses [72, 73]. Moreover, in a small group 
of those patients the IgE/FceRI-mediated acti-
vation of basophils was confirmed by inhibi-
tion experiments with wortmannin, a PI3Kinase 
blocker [73]. This finding challenges the concept 
of LAR being a merely “local” disease. Whether 
FLC can also bind blood basophils and trigger 
their antigen- mediated activation is unknown. 
Of note, FLC- specific antagonists have been 
described (F991) [68] and their use in BAT 
experiments appears as an interesting approach 
for investigation (Fig. 5.2).

 Clinical Phenotypes

Local allergic rhinitis patients share many 
clinical features with AR individuals [31, 
74]. Both AR and LAR patients can have sea-
sonal or perennial symptoms, and reactivity to 
multiple allergens upon NAPT [28]. Studies 
from our group have demonstrated that in the 
Mediterranean areas grass and olive tree pol-
lens are the most frequent allergens involved 
in seasonal LAR, whereas HDM, and to a 
lesser extent Parietaria pollen, and the mold 
Alternaria trigger most cases of perennial LAR 
[31, 46]. Epidemiological studies suggest that 

both LAR and AR tend to worsen over time [30, 
31]. Allergic rhinitis, LAR, and NARES display 
very similar inflammatory patterns with markers 
of eosinophil infiltration and activation [2]. Both 
AR and LAR subjects have increased release of 
mast cell and eosinophil mediators after NAPT 
[26, 43]. As mentioned, individuals with peren-
nial LAR fulfill the criteria for NARES diagno-
sis [2], and are often misclassified in this group 
if a NAPT is not performed. However, LAR and 
other NAR phenotypes share fewer clinical fea-
tures and laboratory findings [8], and it has not 
been sufficiently studied whether LAR, similar 
to AR, can coexist with CRSwNP. On the other 
hand the coexistence of AR and LAR in the 
same individual is a frequent situation in our 
own experience (unpublished data), and we pro-
pose the term dual-allergic rhinitis (DAR) for 
this disease phenotype. Preliminary data from 
our group have identified DAR patient with 
perennial persistent moderate- to- severe LAR 
(often due to HDM reactivity) aggravated dur-
ing the spring due to systemic IgE sensitization 
to pollens (olive tree and/or grass). Nevertheless 
other DAR phenotypes may also exist, including 
the coexistence of seasonal LAR with perennial 
AR.  DAR patients display clinical worsening 
during the season, indicating that inflammation 
in LAR and AR can act synergistically to aggra-
vate symptoms.

 Local Allergic Rhinitis and Asthma

Historically, asthma has been divided into aller-
gic and nonallergic, based on the results of the 
classical test to measure systemic atopy (SPT and 
serum sIgE) [75], in line with the allergic/nonal-
lergic dichotomy of chronic rhinitis. Nevertheless, 
several studies performed by different groups 
have revealed that this asthma classification is not 
mirrored by a differential inflammatory pattern 
between the two asthma phenotypes. In fact, 
there are multiple similarities in the pathophysi-
ological features of allergic and nonallergic 
asthma [76, 77].

Studies performed in bronchial tissue have 
demonstrated that the cellular infiltrate of the 
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bronchial mucosa in nonallergic asthma largely 
resembles that of allergic asthma [78]. In addi-
tion, the expression of cytokines such as IL-4, 
IL-5, and IL-13 is similarly increased in both 
asthma phenotypes [76, 78], together with other 

inflammatory mediators and chemokines such as 
eotaxin-1, eotaxin-2, monocyte chemotactic pro-
teins (MCP)-3 and -4, and CCR3 [79].

Similar to rhinitis, IgE is suspected to play a 
pivotal role in asthma, and several studies have 
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Fig. 5.2 Proposed pathophysiology of local allergic rhi-
nitis (IgE mediated). Environmental allergens are caught 
up from the airway lumen by resident dendritic cells that 
also carry them to the lymph nodes through the afferent 
lymphatic vessels. Allergen-loaded dendritic cells acti-
vate allergen-specific naïve T cells in the lymph nodes 
and polarize them towards a Th1 or Th2 phenotype. In 
the germinal centers, activated Th1 and Th2 cells inter-
act with IgM+ naïve B cells to generate IgG+ and IgE+ 
B cells, respectively. IgE+ B cells do not efficiently 
mature to memory B cells or plasma cells in the second-
ary lymphoid organs. Conversely, IgG+ B cells undergo 
somatic hypermutation and differentiate into memory B 
cells and antibody-producing plasma cells which traffic 
through the lymphatic and blood vessels and extravasate 
at the airway mucosa. Mucosal IgG+ memory B cells 
release high-affinity IgG to the lamina propria. Upon the 
influence of IL-4 provided by basophils or Th2 lympho-
cytes among other cells, IgG+ memory B cells can also 

undergo class switch recombination to IgE in the lamina 
propria to generate high amounts of high-affinity aller-
gen-specific IgE.  Mucosal IgE can bind to the surface 
receptors of resident mast cells and basophils, and sensi-
tize them for activation upon allergen reexposure. 
Importantly, mucosal IgE can traffic through the lym-
phatic system to the bloodstream, where it can also sen-
sitize circulating basophils. In allergic rhinitis patients, 
high-affinity IgE saturates the receptors of circulating 
basophils, and free IgE can be also found in the blood-
stream and detected by commercial assays. Free IgE can 
also sensitize skin mast cells and give positive skin prick 
test responses in patients with allergic rhinitis. In local 
allergic rhinitis individuals, high-affinity IgE does not 
saturate the receptors on circulating basophils and free 
IgE is not detected in the bloodstream. Therefore, high- 
affinity IgE does not sensitize skin mast cells in  local 
allergic rhinitis patients, but can give positive basophil 
activation test responses
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demonstrated that asthmatic individuals with-
out systemic atopy display local synthesis of 
IgE, increased expression of ε heavy-chain 
germ line, local εCSR, and upregulated expres-
sion of the high-affinity receptor for IgE 
(FcεRI) on immune cells residing in the bron-
chial mucosa [77, 80]. These findings suggest 
that the bronchial mucosa might be a major site 
for IgE induction even in the absence of sys-
temic atopy.

The antigen specificity of bronchial IgE in 
asthma has not been sufficiently investigated, 
and it is unknown whether this IgE can bind 
environmental allergens as was demonstrated 
for the nasal IgE in AR and LAR patients [81] 
and in CRSwNP individuals [82]. A study 
reported functional HDM-specific IgE in spu-
tum samples from nonallergic asthma patients 
after bronchial provocation with D. pteronyssi-
nus [83]. On the other hand, another study per-
formed in bronchial mucosa specimens of 
allergic asthmatics, nonallergic asthmatics, and 
nonatopic controls reported that allergen-spe-
cific IgE could be only found in allergic indi-
viduals [84]. These conflicting results indicate 
that the specificity and affinity of the bronchial 
IgE in both allergic and nonallergic asthma 
warrant further research.

Similar to AR, available data suggests that 
bronchial symptoms are also common in LAR 
patients [27, 31, 44]. In these studies, typical 
symptoms of asthma are self-reported by 20–47% 
of LAR individuals. Nevertheless, asthma diag-
nosis was not the primary outcome of those stud-
ies, and an objective evaluation for bronchial 
hyperreactivity in LAR individuals was not per-
formed. Moreover, the long-term follow-up stud-
ies published to date on large populations of LAR 
patients report an increase of self-reported bron-
chial symptoms after 5 years of LAR diagnosis, 
with a significantly higher proportion of patients 
requiring a visit to the emergency room due to 
wheezing and dyspnea [30].

The role of allergens as triggers of bronchial 
symptoms in LAR patients is not sufficiently 
investigated. A study performed in nonallergic 
asthmatics demonstrated the presence of func-
tional sIgE in sputum, despite a negative clinical 

response to the bronchial challenge with HDM 
[83]. Another study including patients with LAR 
and asthma confirmed by methacholine test 
found that 40% of the individuals displayed posi-
tive responses to HDM upon bronchial provoca-
tion (a decrease in FEV1 ≥  20%). Moreover a 
significant increase in methacholine PC20 was 
observed 24 h after the allergen challenge [85]. 
These observations strongly suggest that a bron-
chial equivalent to LAR may exist, even though 
studies with larger cohorts are required for defini-
tive conclusions.

 Local Allergic Rhinitis 
and Conjunctivitis

Many patients with LAR complain about con-
junctivitis symptoms such as ocular itch and 
burning, tearing, and red eye [31]. Similarly to 
AR, ocular symptoms are more common in 
pollen- sensitive LAR patients than in individu-
als with HDM sensitivity [31, 74]. Nevertheless 
it is not clear whether these symptoms arise 
from true ocular sensitization or they result 
from the activation of nasal-ocular reflexes upon 
nasal allergen exposure [86]. In AR individuals 
the nasal allergen provocation can elicit ocular 
symptoms that can be dampened with intranasal 
administration of corticosteroids [87]. In our 
experience, LAR individuals can also experi-
ence ocular symptoms during NAPT [31, 48, 
74]. On the other hand, the conjunctival epithe-
lium naturally hosts a robust population of 
immune cells, including mast cells and T and B 
lymphocytes [88]. In allergic conjunctivitis, 
resident B cells produce sIgE to sensitize con-
junctival mast cells for activation [89]. 
Additionally, sIgE and other inflammatory 
mediators may also traffic from the nasal 
mucosa to the conjunctiva via the lacrimal duct 
[89]. Whether conjunctival sensitization in addi-
tion to nasal-ocular reflexes works synergisti-
cally in LAR patients to induce ocular symptoms 
is not sufficiently investigated. Moreover, 
whether local allergic conjunctivitis can occur 
in the absence of nasal reactivity remains 
unstudied.
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 Natural Evolution

Several clinically relevant questions have been 
posed after LAR was first described: What is the 
natural history of LAR? Should LAR be consid-
ered the initial step in the development of AR and 
systemic atopy? Is LAR a risk factor for the 
development of asthma?

Currently only data from two studies is avail-
able to address these questions: (1) a long-term 
10-year follow-up study with a cohort of 194 
LAR patients and 130 age- and sex-matched 
healthy controls designed by our group in 2005 
[30], and (2) a retrospective study undertaken in 
19 LAR individuals by Sennekamp et  al., in 
2015 [53].

In 2005 our group designed the first 10-year 
follow-up study to investigate the natural history 
of LAR, its possible evolution to systemic atopy 
and AR, and its association with asthma over 
time [30]. In this study, LAR patients and healthy 
controls were yearly evaluated by self- 
administered questionnaires, skin tests, serum 
sIgE, lung function, and NAPT. The results of the 
first 5 years of follow-up revealed that LAR is a 
well-differentiated condition with a similar rate 
of conversion to AR than healthy controls (6.25% 
vs. 5.2%). LAR patients worsened over time, 
with increased impairment in quality of life, 
higher severity and longer duration of nasal 
symptoms, more frequent visits to the emergency 
room, and higher onset of conjunctivitis and 
asthma compared to healthy controls [30]. The 
survival bias is avoided in this study by the sole 
inclusion of LAR individuals whose diagnoses 
were established less than 2 years before recruit-
ment. Thus, this study excludes LAR subjects 
who had already developed systemic atopy dur-
ing the natural course of their disease.

The retrospective study by Sennekamp et al. 
of 19 LAR patients reported a 21% rate of long- 
term conversion to AR after more than 7 years of 
evolution [53]. This proportion is comparable to 
the 17% conversion rate detected in 7930 healthy 
subjects evaluated in the region where the study 
was conducted [90]. However, the retrospective 
design, lack of healthy control arm, surveillance 
bias, small number of patients included, high 

variability in patient age, and time interval 
between evaluations are all limitations of this 
study that dampen the significance of these data 
[91]. The results of the 10-year longitudinal fol-
low-up study finalized in 2016 has confirmed that 
LAR is an independent phenotype  with a similar 
rate of conversion to AR than healthy controls 
[92]which should shed more light into the natural 
history of LAR.

These findings together with the very positive 
results of allergen immunotherapy (AIT) trials 
for LAR (discussed in a separate section in this 
chapter) strongly indicate the need for an early 
diagnosis and identification of LAR individuals 
among rhinitis patients without systemic atopy.

 Diagnostic Approach

Local allergic rhinitis should be considered in the 
differential diagnosis in patients with rhinitis 
symptoms suggestive of AR in the absence of 
systemic atopy [29, 93]. The initial approach 
should always include a detailed clinical history 
where the occurrence of bronchial and conjuncti-
val symptoms, the pattern and severity of nasal 
complaints, and the evolution of the disease since 
the onset should be specifically questioned 
(Fig. 5.3). The former aspects are largely indis-
tinguishable between AR and LAR subjects. On 
the other hand, several characteristics of LAR 
patients help differentiate them from other NAR 
individuals [31]. As previously discussed, LAR 
patients are more frequently young females, non-
smokers, and urban dwellers and report a family 
history of atopy (Table 5.3). It is also very impor-
tant to perform a thorough nasal examination 
including endoscopy and nasal anterior rhinos-
copy and/or CT scan to rule out CRS and/or nasal 
polyps if needed.

The next step in the evaluation of LAR 
involves evaluating the response of the target 
organ to the allergen challenge. In LAR patients, 
the classical approach consisting of SPT and/or 
measurement of serum sIgE is clearly insufficient 
and leads to a significant rate of misdiagnosis 
[29]. Therefore, the NAPT is the gold standard 
for LAR diagnosis, along with the detection of 
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sIgE in the nasal secretions [27, 29, 31, 44, 48, 
85]. Nasal allergen provocation testing is a sensi-
tive, specific, and reproducible technique, 
although it is time consuming and requires tech-
nical resources and trained staff. One option to 

increase the implementation of NAPT in the 
daily practice is to perform a nasal challenge with 
multiple allergens in order to rapidly identify 
patients without nasal reactivity. This procedure 
shortens the diagnostic workup by reducing the 
number of visits [28].

In a proportion of LAR individuals, sIgE in 
the nasal secretions is found, but the sensitivity of 
this measurement largely relies on the technique 
utilized to collect nasal secretions. With the clas-
sical nasal lavage, the quantification of sIgE has a 
very high specificity (>90%) but low sensitivity 
(22–40%) [27, 43, 44]. New methods to collect 
nasal secretions need to be explored to improve 
the sensitivity in this setting.

The basophil activation test (BAT) is a useful 
tool for LAR diagnosis as illustrated by the find-
ings of several studies including patients with D. 
pteronyssinus and olive tree pollen nasal  reactivity 
[72, 73]. In LAR patients reactive to D. pteronys-
sinus, BAT has a 50% sensitivity and it is even 
higher (66%) in subjects reacting to Olea euro-
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Serum sIgE

Negative SPT or
Disagreement with clinical history

(e.g. +SPT for seasonal allergens with perennial symptoms) 

NAPT

LAR
DAR

(AR+LAR)
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with clinical history?

NAR

BAT Nasal
sIgE

Fig. 5.3 Diagnostic approach in allergic rhinitis

Table 5.3 Clinical features for LAR identification

Local allergic rhinitis vs. 
nonallergic rhinitis

Local allergic rhinitis 
vs. allergic rhinitis

•  Significantly younger and 
female predominance in 
LAR

•  Symptoms in LAR are 
sneezing and pruritus, 
compared to blockage and 
rhinorrhea in NAR

•  Nonsmokers and with 
family history of atopy are 
more common in LAR

•  LAR have more severe 
symptoms

•  Irritants are a common 
trigger in NAR

In both phenotypes it 
is common:
•  Frequent 

association with 
conjunctivitis and 
asthma

•  Moderate- to- 
severe symptoms

•  Frequent onset 
during childhood

•  Nasal pruritus, 
watery rhinorrhea, 
and sneezing

•  Evolution to 
worsening over 
time
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paea upon nasal provocation. In both cases the 
specificity was >90%.

 Therapeutics Options in Local 
Allergic Rhinitis

The treatment of airway allergy is complex and 
should involve patient’s education, allergen 
avoidance, pharmacotherapy, and allergen immu-
notherapy (AIT).

Given the clinical and immunological simi-
larities between LAR and AR patients it is rea-
sonable to speculate that LAR patients will 
benefit from the same medications prescribed for 
AR individuals. The first-line therapy for LAR 
individuals should include antihistamines and 
inhaled corticosteroids, for nasal and bronchial 
symptoms, respectively [8, 74].

In daily clinical practice, the majority of LAR 
individuals are treated with health education, 
allergen avoidance measures, and pharmacologi-
cal treatment including oral antihistamines and 
intranasal corticosteroids, all according to the 
Allergic Rhinitis and its Impact on Asthma 
(ARIA) guidelines and criteria. With this 
approach, LAR patients usually show a similar 
response to that of AR individuals in terms of 
symptom improvement and disease control [27, 
30, 44]. However allergen avoidance is not 
always feasible, and the pharmacotherapy with 
either intranasal corticosteroids, oral antihista-
mines, or both does not prevent the progression 
of worsening disease. Of note, one-third of chil-
dren and two-thirds of adults with AR do not 
achieve adequate disease control with pharmaco-
therapy alone [94, 95].

Long-term strategies such as immunomodula-
tory treatments affecting the natural course of the 
disease play an important role besides 
pharmacotherapy- based symptomatic treatment. 
Allergen immunotherapy (AIT) consists of the 
repeated administration of pure or modified aller-
gen extracts to allergic individuals in order to 
boost immunomodulatory mechanisms and pro-
vide sustained clinical relief and a decrease in 
medication intake for disease control. This results 
in an improved quality of life during subsequent 

natural exposures to the allergen [96]. Allergen 
immunotherapy uniquely modifies the immune 
response towards the allergens and affects the 
long-term course of allergic rhinitis and asthma 
by activating several sequential immune mecha-
nisms, such as increasing IgG4 blocking antibod-
ies and increased production of cytokines that 
confer immune tolerance [97, 98]. The better 
understanding of AIT mechanisms should help 
identify early and late diagnostic biomarkers in 
order to select the patients who would obtain the 
maximum benefit from this treatment. Cellular 
and molecular events taking place during the 
course of AIT can be classified into three groups 
[97] (Fig. 5.4). The first group of events can start 
as soon as several hours after the administration 
of natural allergen extracts, and include a 
decrease in mast cell and basophil activation and 
granule exocytosis with a trend towards a lower 
rate of systemic anaphylaxis. The second group 
of events induce the generation of allergen- 
specific regulatory T cells (Treg) and B cells 
(Breg) which are able to suppress allergen- 
specific effector T cell subsets. The third group of 
events involves the regulation of the immuno-
globulin isotypes synthetized against the specific 
allergens. It is demonstrated that AIT induces an 
early increase of allergen-specific IgE followed 
by a subsequent decrease, and an early and sus-
tained production of blocking allergen-specific 
IgG4 [97]. Initial administration of AIT results in 
an early decrease in mast cell and basophil gran-
ule exocytosis followed by increased generation 
of allergen-specific Tregs and suppression of 
allergen-specific Th2 cells among other effector 
cells [97].

 Role of Allergen Immunotherapy 
in Allergic Rhinitis

Allergen immunotherapy is the only treatment 
for allergic rhinoconjunctivitis and asthma that 
has the potential to modify the natural course of 
disease [98–103].

The term “allergen immunotherapy” (AIT) 
has been proposed to universally refer to thera-
peutic strategies aimed at inducing a state of 
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immune tolerance towards one or more specific 
allergens [104]. Currently two types of AIT are 
available, defined by the route of allergen 
administration: subcutaneous immunotherapy 
(SCIT) and sublingual immunotherapy (SLIT). 
Both SCIT and SLIT have been shown to be 
effective and safe for the treatment of AR in 
adults and children [105]. The SCIT approach 
has been used worldwide for more than one 
century and has been demonstrated to be effec-
tive in controlling symptoms of AR, in prevent-
ing the development of more IgE sensitizations 

to environmental allergens and progression to 
allergic asthma, and in reducing some AR 
comorbidities such as  recurrent sinusitis. Over 
the past two decades, the prescription of SLIT 
has increased considerably and is now the pre-
ferred route in several European countries 
[106]. Additional routes under active investiga-
tion include epicutaneous or intralymphatic 
AIT [107, 108].

According to the ARIA [109, 110], 
moderate- to- severe intermittent or persistent 
AR are indications for AIT, especially in those 
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Fig. 5.4 Mechanisms of allergen immunotherapy. Role 
of Treg and Breg cells in the suppression of allergic 
inflammation. The balance between Th2 and Treg cells is 
crucial for the development or suppression of allergic 
inflammation. Treg cells and their cytokines suppress Th2 
immune responses and contribute to the control of allergic 
inflammation in several ways. Red arrows indicate the 
regulatory and suppressive effects of Treg cells, which can 
exert their functions by direct mechanisms or indirectly 
through the induction of IgG4 and IgA synthesis and the 
suppression of IgE synthesis on B cells; Treg cells also act 
on vascular endothelium by suppressing Th2 cell homing 

to tissues, on mast cells, basophils, and eosinophils 
through direct and indirect suppressive effects. Moreover, 
they also antagonize by direct and indirect mechanisms 
the activation of epithelial cell and the release of proin-
flammatory mediators. In addition, Breg cells also sup-
press effector T cells and synthetize IgG4. Reprinted from 
Journal of Allergy and Clinical Immunology, 133(3), 
Mübeccel Akdis, Cezmi A. Akdis, Mechanisms of aller-
genspecific immunotherapy: Multiple suppressor factors 
at work in immune tolerance to allergens, 621–631, 
Copyright 2014, with permission from Elsevier
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patients who do not respond well to pharmaco-
therapy. Recent systematic reviews confirm 
that patients on AIT can achieve substantial 
clinical improvement manifested as reduction 
in nasal and ocular symptoms or medication 
requirements [105, 111]. It also improves qual-
ity of life, prevents progression of AR to 
asthma, and reduces the appearance of new 
sensitizations [112–115]. Moreover, several 
large studies have demonstrated that the clini-
cal efficacy of AIT persists after therapy dis-
continuation [116, 117]. Contraindications for 
AIT include patients suffering from medical 
conditions increasing the risk of AIT-related 
severe anaphylactic reactions, such as those 
with poorly controlled asthma or significant 
cardiovascular diseases (e.g., unstable angina, 
recent myocardial infarction, significant 
arrhythmia, and uncontrolled hypertension). 
Furthermore, AIT should be administered with 
caution in patients receiving β-blockers or 
angiotensin- converting enzyme inhibitors. 
Chronic rhinosinusitis with or without nasal 
polyps is not a contraindication for AIT, as 
long as the IgE sensitizations are considered 
clinically relevant. Severe or uncontrolled 
asthma is the major independent risk factor for 
both nonfatal and fatal adverse reactions to 
AIT, and thus it is considered a major contrain-
dication, especially for SCIT [118–120]. All 
patients undergoing AIT should be observed 
for at least 30  min after every injection to 
ensure the proper management of systemic 
reactions if they occur [98, 118].

 Role of Allergen Immunotherapy 
in Local Allergic Rhinitis

As mentioned above, LAR is not a mild or trivial 
disease, and patients often complain of persistent 
moderate-severe rhinitis, with impairment of 
their quality of life, and frequently associated 
conjunctivitis and asthma [31]. The conversion 
rate to systemic atopy is low in LAR [53, 91], and 
there is a trend towards a clinical worsening of 
the disease over time, with development of more 
persistent and severe nasal symptoms, more fre-

quent visits to the emergency room, and onset of 
conjunctivitis and asthma [30]. Consequently a 
significant proportion of LAR patients needs 
continuous pharmacological treatment with nasal 
corticosteroids and/or oral antihistamines [27, 
30, 44], and even with these therapeutic measures 
their disease is not always adequately controlled. 
Although the a priori evidence of a localized 
allergic response in LAR patients suggests that 
specific AIT would be beneficial, the efficacy of 
AIT in LAR needs to be corroborated by double- 
blind placebo-controlled clinical trials 
(DBPCCT).

 A First Step: Observational Study

The first approach of our group to evaluate the 
potential role of AIT in LAR was an observa-
tional study performed in 20 adult patients (aged 
19–45 years) with moderate or severe LAR due 
to grass pollen [121]. In this study ten patients 
were treated with pre-seasonal grass-SCIT 
and rescue medication was allowed during the 
spring; the ten remaining patients only received 
rescue medication at their own discretion [121]. 
The results showed that 6 months of grass-SCIT 
significantly improved the nasal tolerance to 
the allergen compared to rescue medication 
only, with higher threshold doses of grass pol-
len necessary for eliciting a positive NAPT. Of 
note, one-third of the SCIT-treated patients tol-
erated the maximum concentration of allergen, 
and were thus negative in the post-SCIT NAPT. 
Significant increases in the levels of sIgG 
to grass pollen in the serum of SCIT-treated 
patients were also detected. The SCIT-treated 
individuals reported a clinical improvement 
the following spring, with an important reduc-
tion in rhinoconjunctivitis symptom and rescue 
medication scores (Fig. 5.5) [121]. Although a 
placebo effect cannot be excluded, the changes 
of objective parameters such as an increase in 
nasal tolerance to the allergen and an increase 
in the serum levels of grass-specific IgG indi-
cate that SCIT might also be beneficial in LAR 
individuals.
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 Double-Blind Placebo-Controlled 
Clinical Trials

The interesting results of the above-mentioned 
observational study led us to conduct a phase II, 
randomized DBPCCT to investigate the safety 
and efficacy of 2-year SCIT treatment with D. 
pteronyssinus (SCIT-DP) compared to placebo in 
LAR patients reacting to HDM [122]. This study 
provided evidence for the sustained efficacy of 
AIT in LAR patients, with reduction in symp-
toms and need of rescue medication and increases 
in the number of medication-free days. The 
immunological effects of AIT included the pro-
duction of allergen-specific IgG4 and the decrease 
of serum sIgE with a strong increase in nasal tol-
erance to the allergen (Fig. 5.6). At the end of the 
study, two-thirds of the patients treated with AIT 
tolerated a nasal concentration of Der p 1 > 10 
times higher than the concentration eliciting a 
positive NAPT at baseline. The NAPT was nega-
tive in 50% of the treated patients at the end of 
the study [122]. These results strongly indicate 
that LAR should be considered an indication for 

AIT, and reinforce the need for early diagnosis 
and treatment of patients with rhinitis in the 
absence of systemic atopy.

 Conclusion

The research undertaken on LAR and its comor-
bidities in the last decades is helping to under-
stand this complex disease phenotype defined by 
the presence of allergic inflammation in the target 
organs in the absence of classical markers of 
 systemic atopy. Nevertheless, the fact that a pro-
portion of LAR patients display positive BAT 
results challenges the concept of LAR being 
merely a local disease, and reinforces the view of 
basophils as carriers of high-affinity IgE in the 
bloodstream. The allergic evaluation of the target 
organ is crucial for the proper diagnosis of this 
new entity in patients with a clinical history sug-
gestive of airway allergy in the context of nega-
tive SPT and serum sIgE.  However, many 
questions regarding disease pathophysiology 
remain to be elucidated, especially in relation to 
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the lower airways where the evidence of func-
tional sIgE is still scarce. Additional research 
should investigate the presence of LAR in 
patients with occupational rhinitis with or with-
out asthma.

Multicenter epidemiological studies will pro-
vide a more detailed patient phenotyping and the 
opportunity to explore the effect of environmen-
tal factors on the disease onset. The development 
of in vitro tests for an easy diagnosis in the clini-
cal setting and the improvement of detection 
methods for nasal (or bronchial) sIgE would help 
the recognition of this disease by clinicians. In 
relation to AIT, it would be interesting to com-
pare the clinical effect and the immunological 
response of different AIT routes, schedules, and 
allergen extract or components used.

 Clinical Cases in Local Allergic 
Rhinitis

 Case Presentation 1

A 34-year-old female, working as a secretary, 
nonsmoker, and with a family history of allergy, 
complains of a 10-year history of nasal pruritus, 
sneezing, watery rhinorrhea, and ocular symp-
toms during the spring. Symptoms worsen during 
outdoor activities and windy days. She also pres-
ents with symptoms of coughing, dyspnea, and 

wheezing unrelated to infectious episodes. She 
has been taking oral antihistamines for a while 
prescribed by her general practitioner, with clear 
improvement of her symptoms. She is referred to 
the allergist for diagnosis and management.

 Allergy Workup
The allergist underwent a thorough examination 
of the patient, with the following studies:

• First, a nasal exploration by anterior rhinos-
copy revealed septal deviation and turbinate 
hypertrophy. In order to rule out sinus disease, 
a CT scan was performed and was normal.

• Skin prick testing with a battery of common 
aeroallergens was performed (pollens, house 
dust mites, Alternaria, latex, cat and dog dan-
der) and all were negative.

• Total serum IgE: 43 UI/mL.
• Serum-specific IgE for all the allergens tested 

by skin prick testing were all negative 
(<0.35 kU/L).

• Spirometry was normal.
• In this patient, having symptoms clearly com-

patible with allergic disease and negative skin 
testing/serum-specific IgE, the allergist sus-
pected a case of local allergic rhinitis and per-
formed the following studies:

• A nasal provocation test with grass extract 
(Phleum pratense) was performed, using 
sequential dilutions of 1/100, 1/10 y 1/1, with 
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positive result to the challenge at 1/100 
dilution.

• In a different day separated by a week from 
the previous nasal challenge, the patient was 
provoked with D. pteronyssinus, olive tree 
pollen, and Alternaria (the most common 
allergens in her area) which were all negative 
(nasal provocation test with multiple 
allergens).

• Nasal specific IgE to Phleum pratense was 
measured in a nasal lavage sample taken after 
challenge, being positive (0.80 kU/L).

• A basophil activation test was performed, 
being positive to Phleum pratense and nega-
tive to D. pteronyssinus, olive tree pollen, and 
Alternaria.

 Management/Outcome
In this case, after the confirmation of local aller-
gic rhinitis, the following treatments and instruc-
tions were given to the patient:

• Avoidance of pollen exposure during the 
season.

• Pharmacological treatment: oral antihista-
mines, nasal corticosteroids, short-acting 
bronchodilators.

• Based on the published evidence, the patient 
was prescribed allergen immunotherapy with 
Phleum pratense for a minimum of 3 years 
and a maximum of 5 years.

After 1 year of treatment with immunotherapy 
with Phleum pratense, the patient reports an 
important improvement of the nasal-ocular and 
bronchial symptoms during the spring, with a 
decrease in the use of relief medication.

 Clinical Pearls and Pitfalls
• If a patient reports typical symptoms of aller-

gic rhinitis and displays negative skin prick 
test/serum-specific IgE, the possibility of local 
allergic rhinitis has to be explored.

• Also, chronic rhinosinusitis and/or nasal pol-
yposis should be ruled out.

• The diagnosis of local allergic rhinitis has to 
be confirmed by means of nasal allergen prov-

ocation test, measurement of nasal specific 
IgE, or basophil activation test.

• Patients with local allergic rhinitis must be 
diagnosed correctly in order to establish a spe-
cific treatment (allergen avoidance and spe-
cific immunotherapy). A delay in the diagnosis 
can worsen the symptoms and lead to the 
onset of comorbidities such as asthma.

 Case Presentation 2

A 28-year-old male who is a nonsmoker and 
works as an electrician was referred due to a 
15-year history of nasal pruritus, sneezing, 
watery rhinorrhea, and ocular symptoms all year 
round. Symptoms started by being seasonal with 
clinical worsening during outdoor activities, but 
in the past 2 years symptoms were present all 
year round. Symptoms worsen in rainy days, and 
he refers to having moisture stains in his bed-
room ceiling due to roof leakage. He has taken 
oral antihistamines for a while with clinical 
improvement. He was referred to the allergist for 
diagnosis.

 Diagnosis
The allergist underwent a thorough examination 
of the patient, with the following studies:

• First, a nasal exploration by anterior rhinos-
copy revealed a normal anatomy and no signs 
of chronic rhinosinusitis and/or polyposis.

• Skin prick testing was performed with a bat-
tery of common aeroallergens (pollens, house 
dust mites, Alternaria, latex, cat and dog dan-
der), positive to olive tree pollen.

• Total serum IgE: 147 UI/mL.
• Serum-specific IgE for all the allergens tested 

by skin prick testing; only positive to olive 
tree pollen (20 kU/L).

• Spirometry was normal.

This patient has perennial AR symptoms with 
seasonal worsening with SPT/sIgE positive to 
olive tree pollen only, so two diagnostic possibili-
ties exist:
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 1. Classical AR due to sensitization to seasonal 
allergens coexisting with mixed rhinitis (MR) 
or

 2. Classical AR due to sensitization to seasonal 
allergens coexisting with LAR due to peren-
nial allergens (dual-allergic rhinitis or DAR). 
Diagnosis was reached as follows:
• A nasal provocation test with olive tree 

pollen was performed, using sequential 
dilutions of 1/100, 1/10 y 1/1, and found a 
positive result to the challenge at 1/100 
dilution.

• In different sessions separated by 1 week, 
the patient was challenged with perennial 
allergens (D. pteronyssinus, Alternaria, 
and Parietaria) being positive to Alternaria 
at 1/10 dilution.

 Management/Outcome
In this case, after dual-allergic rhinitis was con-
firmed, the following treatments and recommen-
dations were given to the patient:

• Avoidance of pollen exposure during the season
• Repairing of moisture damage in the house
• Pharmacological treatment: oral antihista-

mines, nasal corticosteroids, short-acting 
bronchodilators

After the house was repaired and a dehumidi-
fier was placed in the bedroom, perennial symp-
toms decreased, with improvement of the 
nasal-ocular symptoms and no onset of bronchial 
symptoms.

 Clinical Pearls and Pitfalls
• If there is a disagreement between clinical his-

tory and skin testing/sIgE, we should keep on 
studying the case since the patient could be a 
DAR (coexistence of LAR and AR) or a mixed 
rhinitis (coexistence of AR and NAR).

• Also, chronic rhinosinusitis and/or nasal pol-
yposis should be ruled out.

• It is necessary to confirm the diagnosis by 
means of a nasal provocation test.

• Patients must be diagnosed correctly in order 
to establish a specific treatment plan.
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Occupational Rhinitis

Kristin Claire Sokol and Daniel L. Hamilos

 Case Presentation 1

A 50-year-old male woodworker presents to the 
allergy clinic with complaints of nasal stinging 
and burning, watery nose, nasal congestion, and 
frequent sinus headaches. These symptoms have 
been ongoing for years. He has noticed that when 
he took a few months off from work due to a back 
injury, his nasal symptoms improved somewhat. 
He denies a history of seasonal allergies, asthma, 
or eczema. Other past medical history includes 
hypertension and hyperlipidemia. He reports a 
history of about one sinus infection requiring 
antibiotics every 2 or 3 years. He denies any other 
recurrent infections. He is taking a thiazide 
diuretic for his high blood pressure and a statin 
for his high cholesterol. He does not take any 
medications on a regular basis for his nasal com-
plaints. He does take ibuprofen or a decongestant 
spray as needed for acute symptoms. He is a for-
mer smoker; he quit 15 years ago. He does not 
drink alcohol. On physical examination, his 

 inferior nasal turbinates are erythematous and 
boggy. His oropharynx is somewhat erythema-
tous, but has no exudate or visible drainage. He 
has no facial tenderness on palpation. The rest of 
his HEENT examination is normal. CBC does 
not reveal eosinophilia or any other abnormali-
ties. Nasal smear shows a predominance of neu-
trophils. CT sinus reveals small mucus retention 
cysts in his bilateral maxillary sinuses, but is oth-
erwise normal. He is instructed to start daily 
saline nasal lavage, in addition to an intranasal 
corticosteroid once a day prior to going to work. 
He comes in for a follow-up visit 3 months later 
with moderate improvement in his symptoms.

 Case Presentation 2

A 28-year-old female with a history of intermit-
tent asthma, allergic rhinitis, and eczema pres-
ents to the allergy clinic with a 6-month history 
of worsening symptoms of watery nose, sneez-
ing, watery/itchy eyes, and cough. She recently 
graduated from a school of pharmacy and started 
a new job about 1.5 years ago working in a hospi-
tal pharmacy with the main task of compounding 
antibiotics and other drugs. She is currently tak-
ing an oral antihistamine intermittently, and uses 
an intranasal corticosteroid daily without much 
relief. She does not smoke cigarettes or drink 
alcohol. She is not taking any additional medica-
tions. She does note that her symptoms improve 
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somewhat on weekends and they improved sig-
nificantly when she took a vacation to the 
Caribbean 4 months ago. Physical examination 
reveals pale boggy inferior nasal turbinates, an 
absence of nasal polyps, cobblestoning in the 
oropharynx, and mild conjunctival erythema and 
watery eye drainage. Her lung exam reveals no 
wheezes, rhonchi, or rales. Specific IgE via skin 
prick testing reveals sensitization to several envi-
ronmental allergens including dust mite, trees, 
and grasses. Spirometry reveals an FEV1 of 75% 
predicted with significant reversibility after an 
inhaled short-acting beta-agonist. After a detailed 
work history, it is determined that she is exposed 
to many different antibiotics, but also highly 
exposed to lactase, a disaccharide enzyme pro-
duced by Aspergillus oryzae and A. niger, which 
is used extensively in the food and drug indus-
tries [1]. Specifically, skin prick testing of several 
antibiotics and lactase only reveals sensitization 
to lactase. Nasal smear identifies a predominance 
of eosinophils. Her workplace is provided with 
this information and asked to reduce her expo-
sure to lactase. She is also instructed to wear per-
sonal protective equipment when compounding 
any drug. She starts an oral antihistamine on a 
daily basis, and increases her nasal corticosteroid 
dose to two sprays in each nostril twice a day 
with proper technique. She comes in for follow-
 up 6 months later with markedly improved 
symptoms.

 Introduction

Occupational rhinitis is defined as inflammation 
of the nasal mucosa that causes symptoms of rhi-
nitis, such as nasal congestion, rhinorrhea, sneez-
ing, and itching, due to causes associated with a 
particular work environment. This must be distin-
guished from work-exacerbated rhinitis where 
there is a preexisting history of rhinitis and symp-
toms worsen at work [2–4]. In 2009, the European 
Academy of Allergy and Clinical Immunology 
(EAACI) published a consensus paper that classi-
fied occupational rhinitis into two general types, 
allergic and nonallergic [5]. Allergic occupa-
tional rhinitis is characterized by a latency period 

of months to years. It is attributed to an immune- 
mediated hypersensitivity reaction to a particular 
workplace exposure. The term “allergic occupa-
tional rhinitis” has traditionally been used to 
encompass occupational agents that can be either 
IgE mediated or non-IgE mediated. Nonallergic 
occupational rhinitis does not have a known 
underlying immunologic basis for disease.

 Allergic Occupational Rhinitis

There are now over 200 agents that have been 
associated with occupational rhinitis; thus a 
review of each substance would be beyond the 
scope of this chapter. Occupational agents capa-
ble of causing allergic occupational rhinitis can 
be classified as either high-molecular-weight 
(HMW) (>5  kDa) or low-molecular-weight 
(LMW) (<5 kDa) agents [2]. The agents include 
the same high- and low-molecular-weight sensi-
tizers that are known to cause occupational 
asthma.

 High-Molecular-Weight Agents

HMW agents are organic biological substances 
derived from plants or animals, such as flour, 
grain dust, latex, mites, mold spores, laboratory 
animals, enzymes, and other sources. It is note-
worthy that the prevalence of latex sensitization 
in healthcare workers (HCW) was found to be 
strongly related to the level of airborne latex 
allergen exposure [6]. Furthermore, an interven-
tion designed to reduce airborne latex allergen 
exposure (use of powder-free latex gloves) was 
associated with a 16-fold reduction in the latex 
sensitization rate [6]. The profound reduction of 
latex sensitization among healthcare workers and 
susceptible patients is a testimony to how effec-
tive environmental control to prevent exposure 
and subsequent sensitization can be.

Common occupations associated with HMW 
agents include bakers, laboratory workers, veteri-
narians, seafood packagers and processers, farm 
workers, healthcare workers, and detergent 
industry workers [7]. High-molecular-weight 
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agents can cause upper airway inflammation via 
an IgE-mediated immune response leading to 
Th2-driven inflammation. In healthcare workers, 
recently implicated causes of occupational rhini-
tis include ethylenediamine tetraacetic acid 
(EDTA)-containing detergent enzymes used for 
cleaning medical instruments and aliphatic or ali-
cyclic amines used in cleaning products [8, 9]. In 
these reports, tetrasodium EDTA and certain of 
the amines were found to elicit positive nasal 
provocation testing in some of the affected 
healthcare workers.

 Low-Molecular-Weight Agents

In contrast to HMW agents, low-molecular- 
weight (LMW) agents are mostly inorganic 
compounds and include synthetic chemicals, 
such as diisocyanates, persulfate salts, acid 
anhydrides, aldehydes, and drugs, as well as 
metallic agents and chemicals derived from 
wood dust. Common occupations associated 
with these agents include chemical workers, 
epoxy resin production workers, carpenters, fur-
niture makers, painters, hairdressers, and textile 
workers [7]. Only a small number of LMW 
compounds have elicited an IgE-dependent 
mechanism [10], with many eliciting allergic 
disease through other immune mechanisms that 
remain to be fully characterized [11].

 Nonallergic (Irritant-Induced) 
Occupational Rhinitis

Nonallergic occupational rhinitis, also known as 
irritant-induced occupational rhinitis, is caused 
by agents capable of producing mucosal inflam-
mation without evidence of a latency phase or 
immunologic sensitization (Table  6.1). The 
mechanisms by which irritants can induce airway 
inflammation are far less known [2], but mecha-
nisms involving epithelial damage and neuroki-
nin release from nociceptive nerve fibers are 
thought to play a significant role [12]. It is known 
that sensory nerve fibers exist underneath the 
airway epithelium that express chemoreceptors 

(i.e., transient response potential receptors or 
TRPs). When these chemoreceptors are activated 
by irritants and osmotic and mechanical stimuli, 
there is a local release of neuropeptides resulting 
in activation of their selective receptors located 
on mucosal blood vessels, submucosal glands, 
and inflammatory cells. The release of neuropep-
tides and signal transduction via nociceptive 
fibers through the central nervous system can 
cause increased parasympathetic activation and/
or dampening of sympathetic responses resulting 
in increased blood vessel dilatation and overse-
cretion of mucus manifesting as upper respira-
tory symptoms such as rhinorrhea, nasal 
congestion, and sneezing [2].

Certain particulates, such as cigarette smoke, 
and certain water-soluble irritants, such as ammo-
nia or sulfur dioxide vapors, organic acids, alde-
hydes, and chlorine, that readily dissolve in 
mucous membrane water, provoke these immedi-
ate irritant ocular and nasal responses [12]. 
Nonallergic occupational rhinitis, or irritant rhi-
nitis, can be seen in a number of industries and 
professions including woodworkers, pulp mill 

Table 6.1 Examples of agents implicated in occupa-
tional rhinitis

Allergic Nonallergic
High-molecular- 
weight agents

Low-molecular- 
weight agents Irritants

Natural rubber 
latex

Anhydrides Ammonia

Psyllium Diisocyanates Cigarette 
smoke

Grain dust, 
flour dust, 
alpha-amylase

Abeitic acid/
colophony

Formaldehyde

Mold spores Plicatic acid Chlorine
Seafood 
proteins

Persulfates Diesel 
exhaust

Pollens Quaternary 
ammonium 
disinfectants

Wood dust

Animal 
proteins (urine, 
saliva, dander)

Cyanoacrylates Solvent 
vapors

Insect antigens 
and mites

Wood dust Sulfur dioxide

Proteolytic 
enzymes

Asphalt 
vapors

Lactase
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workers, spice grinders, animal laboratory work-
ers, antibiotic manufacturers, firefighters, health 
professionals, and cleaning workers [13, 14]. 
Occupational rhinitis is associated with strong 
irritants including ammonia, chlorine gas, sol-
vent vapors, bleach, hydrochloric acid, nitrogen 
dioxide, hydrogen sulfide, and certain drugs [4, 
14]. Reactive upper airway dysfunction syn-
drome (RUDS)  is a type of nonallergic occupa-
tional rhinitis that can develop following a single 
exposure to a very high concentration of an irri-
tant gas, vapor, or smoke. Biopsies of the nasal 
mucosa among these individuals have shown epi-
thelial desquamation, defective epithelial junc-
tions, and increased number of nerve fibers [13, 
14]. Unlike reactive airway dysfunction syn-
drome (RADS) which is now an established clin-
ical entity, RUDS is still a rather vague condition 
with unknown incidence and prevalence [2]. 
However, just like work-related rhinitis can be a 
precursor to and often coexist with work-related 
asthma, RUDS and RADS can occur in the same 
patient.

The risk factors associated with occupational 
rhinitis include exposure level, length of expo-
sure, atopy status, and smoking history [7]. The 
risk of IgE-mediated sensitization to HMW 
agents is directly related to the level and duration 
of exposure in certain workers, especially deter-
gent workers, bakers, and those that work with 
lab animals. These workers are at greater risk not 
only for sensitization but also for the develop-
ment of rhinitis symptoms. Underlying atopy is 
also a risk factor for sensitization to HMW agents 
such as flour, lab animals, and latex [7]. The asso-
ciation between smoking and risk of occupational 
rhinitis remains unclear, as some studies revealed 
an enhanced risk of sensitization in smokers, 
whereas others failed to demonstrate this rela-
tionship [3, 7, 15].

It is also worth noting that work-related rhini-
tis may precede the development of work-related 
asthma [16], and, therefore, work-related rhinitis 
should be considered a potential risk factor of 
work-related asthma [11]. The prevalence of 
occupational rhinitis in patients with occupa-
tional asthma has been estimated to be between 
76 and 92% of workers [10].

 Scope of the Problem

It is difficult to assess the overall incidence and 
prevalence of occupational rhinitis, as the epide-
miology is not well investigated mainly because 
it is not considered a serious disease. Occupational 
rhinitis does tend to be about 2–4 times more 
prevalent than occupational asthma [3, 10]. It has 
been estimated to affect anywhere from 2 to 87% 
of workers exposed to occupational allergic or 
irritant agents, depending on the industrial set-
ting [10]. Studies have shown that the prevalence 
of occupational rhinitis ranged from 3 to 87% in 
various industries (Table  6.2) [10]. Two recent 
studies have revealed a prevalence of rhinitis 
ranging from 42 to 62% in hairdressers exposed 
to persulfates and ammonia [19, 20]. In one 
study, it was shown that pharmaceutical workers 
are exposed to lactase during the manufacturing 
of digestive aid products for individuals with lac-
tose intolerance and this can lead to symptoms of 
rhinitis [1]. However, the true prevalence is diffi-
cult to determine as the diagnosis of occupational 
rhinitis is challenging. In one study, patients 
underwent specific inhalational challenge (SIC) 
tests for confirmation of both occupational 
asthma and occupational rhinitis. A positive nasal 
challenge was observed in 25 SIC tests and a 
positive bronchial challenge was observed in 17 
SIC tests. In 13 cases, both the nasal and bron-
chial challenges were positive, and these concor-
dant responses were more commonly seen when 
HMW agents were tested [21].

 Diagnosis/Assessment

Occupational upper airway disorders, including 
occupational rhinitis, are diagnosed based on his-
tory and exposure at work, physical examination, 
and for some, specialized diagnostic tests. A 
careful exposure history is essential for recogni-
tion and diagnosis. A history of prior allergic dis-
orders must be asked. The timing of the onset, 
worsening, and improvement of symptoms is 
important, especially noting if there is improve-
ment away from the work environment. Also, a 
history of a high prevalence rate of symptoms 
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among coworkers can support a diagnosis of 
irritant- induced occupational rhinitis. Another 
method to aid with history is the “work removal- 
work resumption” test where the patient is 
assessed after a period of a few weeks away from 
the suspected exposure and is reassessed again a 
few weeks after resumption of work [2]. There 
are specialized questionnaires including the 
Rhinoconjunctivitis Quality of Life Questionnaire 
(RQLQ) and the Sinonasal Outcome Test (SNOT) 
which can be used to assess symptoms and 
quality- of-life impairment [12], although ques-
tionnaires have a low specificity for diagnosing 
occupational rhinitis.

Physical examination, including anterior rhi-
noscopy and percussion of the maxillary and 
frontal sinuses, can help in diagnosis of rhinitis, 
but often does not delineate between allergic or 
irritant occupational rhinitis and other forms of 
rhinitis. Rhinolaryngoscopy and flexible rhino-
laryngoscopy enable the physician to evaluate for 
nasal polyposis and vocal cord dysfunction, 
respectively. These tools can also be used to 
exclude other common causes of rhinitis such as 
structural factors like septal deviations and nasal 
valve dysfunction [2].

Beyond a detailed history and physical exami-
nation, specialized diagnostic tests can help with 
the diagnosis of occupational rhinitis. Allergy 
skin or serologic testing with documented reac-
tivity to indigenous aeroallergens is important for 
determining the patient’s allergic (atopic) status. 
It is also useful for testing a suspected occupa-
tional allergen which can confirm sensitization. 
However, a major limitation is the lack of stan-
dardized occupational allergens that can be used 
for testing. The immunological evaluation is 
more significant in high-molecular-weight 
(HMW) agents (i.e., animal or plant proteins, 
enzymes) and a few low-molecular-weight 
(LMW) agents (i.e., trimellitic anhydride, hexa-
methylene diisocyanate, platinum salts) in which 
IgE can be detected by skin prick testing and/or 
measurement of serum-specific IgE [22]. Often, 
symptoms of irritant-induced occupational rhini-
tis will mimic those of allergic rhinitis; however, 
it is usually difficult to determine responsible 
etiologic agents. In these situations, material data 

safety sheets (MSDS) may be helpful for provid-
ing clues to which agent(s) might be responsible 
for triggering rhinitis symptoms. A laboratory 
workup reveals a lack of systemic eosinophilia 
and a predominance of neutrophils on nasal 
smear in irritant rhinitis. Nasal cytology has been 
used as a tool for diagnosing occupational rhini-
tis in certain workers. In a recent study, wood-
workers were found to have more neutrophils in 
nasal smears than controls. It was also found that 
woodworkers exposed to wood dust for a longer 
period of time had more lymphocytes in their 
nasal smears [23]. Sinus computed tomography 
scans can rule out the presence of acute or chronic 
sinusitis, fungal sinusitis, and other structural or 
infectious abnormalities, but is not recommended 
in the initial evaluation.

Nasal peak flow measurements, although not 
used in clinical practice with much frequency, 
can be used to document the response to allergen 
or irritant exposures that the patient may be 
exposed to in the workplace. A causal relation-
ship between exposure to a specific occupational 
agent and rhinitis can be established by specific 
nasal provocation testing (NPT) with the sus-
pected agent. The European Academy of Allergy, 
Asthma, and Immunology Task Force on 
Occupational Rhinitis states that “in the pres-
ence of work-related rhinitis symptoms, objec-
tive assessment using nasal provocation 
challenges in the laboratory or at the work- place 
should be strongly recommended” [5]. This 
diagnostic test has been studied much more with 
high- molecular- weight agents than low-molecu-
lar-weight agents [5]. In addition, NPT is only 
utilized by a limited number of clinical centers, 
especially in the United States, and remains 
poorly standardized [2].

 Management/Outcome

The management of occupational rhinitis is 
threefold. Since occupational rhinitis is a pre-
ventable condition, avoidance is the first step in 
management. Prevention of exposure to hazard-
ous materials can, in many cases, prevent inci-
dent cases of occupational rhinitis [6]. Secondary 
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prevention includes early detection of the symp-
toms and interruption of disease progression. 
Reduced exposure can be accomplished by 
improving ventilation systems, wearing appro-
priate protective clothing and masks, and, if pos-
sible, relocation of the patient to another job 
location [2]. For established occupational rhini-
tis, tertiary prevention usually implicates treat-
ment which involves reducing exposure to the 
known or suspected allergen or irritant, support-
ive measures such as nasal saline lavage, and 
medications either used alone or in combination 
such as topical corticosteroids, topical antihista-
mines, and topical cholinergic blockers. There is 
very little evidence for any beneficial effects of 
specific allergic immunotherapy in occupational 
upper airway disease [2]. Although there are no 
published studies supporting the use of immuno-
therapy as a treatment option for IgE-mediated 
occupational rhinitis [24], immunotherapy may 
be beneficial in certain clinical settings, such as 
in laboratory animal workers and veterinarians 
who are sensitized to animal dander.

In addition to preventing or reducing nasal 
symptoms, the management of occupational rhi-
nitis should also be aimed at decreasing the risk 
of occupational asthma onset [5]. The relation-
ship between occupational rhinitis and occupa-
tional asthma has been examined and the 
frequency of association was higher for HMW 
compared with LMW agents [22]. Close follow-
 up with awareness for the progression of lower 
airway symptoms, including lung function test-
ing, is required [2].

If persistence of exposure to an agent causing 
occupational rhinitis occurs, as stated above, 
occupational asthma can develop. Because of 
this, the European Academy of Allergy, Asthma, 
and Immunology (EAACI) Task Force on occu-
pational rhinitis has proposed that patients with 
occupational rhinitis be considered impaired on a 
permanent basis for the job that caused the condi-
tion as well as for jobs with similar exposures. 
Although some countries offer compensation of 
occupational rhinitis, available data has shown 
that financial compensation does not adequately 
offset the socioeconomic consequences of the 
disease. Compensation systems should be 

directed at offering the worker an alternative job 
within the same company without the possibility 
of exposure to the offending agent [3].

If avoidance of the causative agent can be 
achieved, the prognosis of the patients with 
occupational rhinitis is generally good [15]. In a 
prospective study of 20 individuals with allergic 
or nonallergic occupational rhinitis, when sus-
pected exposures were eliminated, the individu-
als noted both decreased nasal symptoms and 
improved quality of life [21]. Studies have not 
addressed the prevention of onset of develop-
ment of asthma [21].

 Clinical Pearls and Pitfalls

• There are two forms of work-related rhinitis: 
occupational rhinitis, which is defined as rhi-
nitis symptoms due to causes associated with 
a particular work environment, and work- 
exacerbated rhinitis, in which the individual 
had preexisting rhinitis made worse by expo-
sures in the workplace.

• Occupational rhinitis is often underestimated 
and underdiagnosed.

• More than 300 substances have been identi-
fied as possible agents producing occupational 
rhinitis [22].

• Allergic occupational rhinitis can be caused 
by high- or low-molecular-weight agents.

• Nonallergic occupational rhinitis can occur 
with one high-level exposure to an irritant, 
and this disorder is termed RUDS, or reactive 
upper airway dysfunction syndrome.

• The distinction between irritant occupational 
rhinitis from allergic occupational rhinitis in 
clinical practice is often difficult but might be 
distinguished by the predominance of irritant 
symptoms (rather than itching and sneezing), 
a high prevalence of symptoms among co- 
workers, a negative laboratory workup, the 
predominance of neutrophils on nasal smear, 
and when applicable a lack of in  vivo or 
in  vitro reactivity to identifiable workplace 
allergens.

• A detailed history is essential when evaluating 
a patient suspected of having occupational 
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 rhinitis, including documented improvement 
away from the workplace.

• There are three forms of prevention of occupa-
tional rhinitis: primary, secondary, and tertiary 
prevention.

• Exposure prevention is the most practical and 
effective method for the primary prevention of 
occupational rhinitis. Early symptom identifi-
cation and exposure reduction are the most 
practical and effective methods for the sec-
ondary prevention of occupational rhinitis. 
Tertiary prevention involves treatment of 
symptoms in the form of supportive care and/
or medications.

• Early diagnosis is critical in the prevention of 
progression into occupational asthma or pos-
sibly rhinosinusitis.

• The prognosis of occupational rhinitis seems 
to be good with significant reduction or avoid-
ance of the offending exposure.
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Rhinosinusitis Without Polyposis

Abdullah Al-Bader, Roy R. Casiano, 
and Lauren Fine

 Case Presentation 1

A 43-year-old male presents to the clinic com-
plaining of nasal obstruction and bilateral maxil-
lary facial pain. He also reports decreased sense 
of smell, discolored nasal discharge, and feeling 
subjectively febrile. His symptoms began 10 days 
ago and have worsened over the last 3  days 
without seeking any medical attention.

He has had similar symptoms at least four to 
five times a year for the past 3  years, usually 
requiring antibiotics for resolution. He denies a 
history of chronic rhinitis symptoms or allergic 
rhinitis. There is no seasonal pattern to his symp-
toms other than that they tend to occur in the fall 
and winter, especially following viral upper 
respiratory syndromes. His medical history is 
significant only for hypertension diagnosed 1 
year ago, controlled on losartan. He denies a his-
tory of recurrent local or systemic infections 
other than sinusitis. He has a family history of 
hypertension. He denies any allergies.

He is a high school teacher, never used tobacco 
nor used any recreational drugs, and is sexually 
active with his wife only and never had any 
unprotected intercourse.

His vitals were as follows: BP of 123/78, heart 
rate of 82, temperature of 100.1 F, and respiratory 
rate of 18. He was alert and oriented, and head 
exam normocephalic and atraumatic with normal 
neurologic evaluation. The chest exam revealed 
good air movement bilaterally with no wheezes 
or rhonchi and his abdominal and musculoskele-
tal examinations were unremarkable. He had nor-
mal tympanic membranes bilaterally and his oral 
pharyngeal examination was normal other than 
hyponasal speech. Nasal examination revealed 
erythematous and edematous nasal mucosa and 
turbinates bilaterally. Nasolaryngoscopy was 
performed and revealed moderate mucosal edema 
and mucopurulent secretions in the osteomeatal 
complexes bilaterally. The laryngeal mucosa 
appeared normal. A sample of his purulent secre-
tions was collected and sent for microbiology 
evaluation.

 Evaluation

A basic metabolic panel and complete blood 
count were obtained. The complete blood count 
revealed the following: hemoglobin of 16 g/dL, 
white blood cell count of 12.1 × 109/L, neutrophil 
count of 10  ×  109/L, and lymphocyte count of 
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1.6  ×  109/L with normal other cell counts and 
blood parameters.

Given the recurrent episodes of similar symp-
tomatology, the patient was diagnosed with 
recurrent acute bacterial rhinosinusitis and was 
referred for an allergy and immunology evalua-
tion. The patient had normal immunoglobulin M, 
G, E, and A levels with normal complement, 
albumin, and total protein levels. He had previ-
ously received the pneumococcal vaccine and 
demonstrated protective titers for 17 of 23 sero-
types. All testing was performed while not on any 
immunosuppressants such as systemic cortico-
steroids, and he was felt to be immunocompetent. 
Skin prick testing to aeroallergens was negative.

Penicillin-sensitive Streptococcus pneu-
moniae was grown from his sampled secretions. 
A diagnosis of acute bacterial rhinosinusitis was 
established and the patient was treated with oral 
amoxicillin for 10 days accordingly. He was also 
prescribed a short course of oxymetazoline spray, 
nasal saline irrigations, and intranasal corticoste-
roids (INCS). His symptoms began to improve 
within 48 h of treatment.

 Discussion

There are more than 30 million cases of sinusitis 
annually in the United States [1]. Acute rhinosi-
nusitis causes a healthcare expenditure of more 
than $3.0 billion per year in the United States [2], 
with the direct cost of managing acute and 
chronic sinusitis exceeding $11 billion per year 
apart from the additional expenses from lost pro-
ductivity, reduced job effectiveness, and impaired 
quality of life [1].

Based on recent adult sinusitis guidelines, rhi-
nosinusitis is classified by duration into acute rhi-
nosinusitis (ARS) if less than 4  weeks or as 
chronic rhinosinusitis (CRS) if lasting more than 
12  weeks [1, 3]. ARS can be further classified 
based on etiology into acute bacterial (ABRS) or 
viral rhinosinusitis [1, 3]. Determining the etiol-
ogy of rhinosinusitis is essential in order to evalu-
ate the appropriateness of antibiotic therapy.

ABRS is a clinical diagnosis reached when 
patients have symptoms or signs of ARS (purulent 
nasal drainage accompanied by nasal obstruction, 

facial pain/pressure, or both) that persist for more 
than 7 days without improvement or if symptoms 
and signs worsen within 10  days after initial 
improvement [1, 4].

Patients may also experience repeated ARS 
episodes. When patients develop three [5], four 
[1, 3, 4], or more annual episodes of ARS, with 
symptom-free periods in between, the condi-
tion is termed recurrent ARS (RARS) [1, 3, 4]. 
RARS is estimated to affect 1  in every 3000 
Western adults, but despite its prevalence 
RARS remains poorly studied [6]. The under-
lying risk factors for developing RARS are 
poorly understood, although host defense 
mechanisms and genetics and infectious and 
environmental factors are potentially impli-
cated [7].

Microbiology for ABRS is well established, 
with the major causative pathogens being the 
aerobic and facultative bacteria Streptococcus 
pneumoniae, Haemophilus influenza, and 
Moraxella catarrhalis. However, the microbiol-
ogy of RARS is poorly studied. One small study 
using repeated sinus aspirates revealed the bacte-
rial etiology of RARS to be similar to ABRS, 
with the addition of Staphylococcus aureus in 
RARS. The study has also shown an increase in 
antibiotic resistance and persistent colonization, 
which may also contribute to the pathophysiol-
ogy of RARS [8].

 Management

To date, there is paucity of data relating to the 
optimal management of RARS [6]. As mentioned 
earlier, ABRS is a clinical diagnosis. 
Investigations are not routinely required unless 
other diagnoses are suspected. However, for 
RARS, some investigations can be considered. 
Based on recent guidelines, radiographic imag-
ing should not be obtained for ARS unless com-
plications or alternative diagnoses are suspected 
[1, 4]. Patients with RARS can also be evaluated 
for other factors that may contribute to the devel-
opment of and modify the management of RARS 
such as allergic or nonallergic rhinitis, asthma, 
cystic fibrosis, ciliary dyskinesia, and immuno-
deficiency [1, 4].
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In the absence of factors that may predispose 
to recurrent infections, radiographic imaging 
may be considered to rule out structural obstruc-
tion of the sinuses or signs of ongoing sinonasal 
inflammation indicating chronic rhinosinusitis.

Similar to ABRS, the treatment of RARS can 
generally be divided into medical and surgical 
management.

 Medical

Antibiotics
Observation and watchful waiting is an option 
prior to the use of antibiotics in ABRS, provided 
that close follow-up is ensured to avoid compli-
cations. Antibiotics can generally be considered 
for the treatment of ABRS symptoms mainly 
when symptoms fail to improve within 7 days, or 
there are worsening or severe symptoms [1, 4]. 
Severity of symptoms can be determined based 
on duration, intensity, and impact on patient’s 
quality of life. Antibiotics can also be considered 
for ABRS episodes in patients experiencing 
RARS. Amoxicillin with or without clavulanate 
can be considered for ABRS as a first-line treat-
ment option [1, 3, 4]. Amoxicillin-clavulanate 
can also be considered for potentially compli-
cated infections or when resistant organisms are 
suspected [3]. Trimethoprim-sulfamethoxazole 
or macrolides can be considered as first-line 
antibiotic treatment for patients with proven 
penicillin allergy after proper allergy evaluation 
by allergy specialists. As there is no evidence to 
support specific antibiotic therapy in RARS, 
antimicrobial treatment in RARS should be 
based upon guidelines used for individual ABRS 
episodes [9].

Intranasal Corticosteroids (INCS)
INCS may be recommended for symptomatic 
relief of ABRS [1, 4]. For ABRS with mild-to- 
moderate severity, treatment can be initiated with 
INCS alone with reassessment of effect of treat-
ment within 72 h [4]. When combined with anti-
biotic therapy, INCS improve the resolution of 
signs and symptoms of rhinosinusitis [2, 4]. 
INCS may also accelerate the relief of symptoms 

in patients with RARS, although the evidence for 
the benefit of INCS in RARS is rather limited [2].

 Surgical
Surgical management has been shown to improve 
the quality of life in those with RARS [10]. In a 
retrospective study, Costa et al. compared RARS 
patients who underwent medical, surgical, or 
combined treatment (medical treatment followed 
by surgical) groups. Costa reported statistically 
significant improvement in sinonasal outcome 
test scores (SNOT-22) across all groups. RARS 
patients who underwent surgery demonstrated 
greater improvement in their SNOT-22 scores 
than the medically treated groups alone. In the 
combined treatment group, patients who elected 
to undergo surgery after suboptimal results with 
medical management have shown evident statis-
tical improvements after crossing over from med-
ical treatment to surgical treatment [6].

There is scarcity of evidence regarding the 
optimal management of RARS with poorly stud-
ied medical and surgical therapies. The main goal 
is to treat acute episodes of RARS similar to 
ABRS, rule out other causes contributing to 
recurrent infections (immunodeficiency, cystic 
fibrosis, ciliary dyskinesia), and rule out other 
conditions that may resemble rhinosinusitis such 
as chronic rhinitis (whether allergic or 
nonallergic).

 Clinical Pearls and Pitfalls

• ABRS is mainly a clinical diagnosis.
• RARS is defined as three to four or more epi-

sodes of ARS in a year with symptom-free 
periods in between episodes.

• RARS patients may be evaluated for factors 
that may affect management such as allergy, 
immunodeficiency, asthma, cystic fibrosis, 
and ciliary dysfunction.

• Radiological imaging is preserved for compli-
cated rhinosinusitis and when other diagnoses 
are suspected.

• Treatment for RARS is divided into medical 
and surgical. Antibiotics and adjunctive 
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 treatments can be considered prior to referring 
for surgery.

• Medical and surgical management offers 
potential improvements for RARS with pos-
sibly superior results in surgical treatments for 
select patients.

 Case Presentation 2

A 31-year-old female presents to clinic with a 
3-year history of profuse anterior and posterior 
rhinorrhea associated with bilateral nasal conges-
tion, nasal airway obstruction, intermittent dif-
fuse headaches, intermittent aural fullness, and 
cough that are worse at night. She describes her 
rhinorrhea to be clear, mucoid, persistent, and 
produced bilaterally. Her symptoms are not 
affected by seasonal changes but can be aggra-
vated by exposure to strong odors and fragrances 
such as perfumes. She is treated with antibiotics 
three to four times a year for a presumed diagno-
sis of acute sinusitis but has never had any imag-
ing or a nasal endoscopy to confirm this 
diagnosis.

When asked about allergic symptoms, she 
mentioned mild sneezing attacks but denied any 
symptoms consistent with ocular conjunctivitis 
such as itching or watering. Review of systems 
was otherwise unremarkable. She is otherwise 
healthy and her past medical history is not sig-
nificant for any chronic illnesses. Family history 
is significant for a sibling who was diagnosed 
with asthma. There is no other atopic history in 
the family.

She has seen her primary care physician who 
ordered an in vitro IgE-specific antibody test to 
local aeroallergens, which were negative. She 
also reports very minimal improvement of her 
symptoms in response to loratadine 10 mg daily, 
fluticasone nasal spray (two sprays each side 
daily), and nasal saline irrigations prescribed 
4 weeks ago by her primary care physician. She 
still uses the prescribed treatment and takes no 
other medications. She works as an office man-
ager, denies smoking tobacco or drug abuse, is 
not sexually active, and has no known allergies to 
any medications. She also denied a personal his-

tory of smoking, second-hand smoke exposure, 
or exposure to irritants at work such as industrial 
fumes.

 Physical Examination

Her vital signs were as follows: BP 118/77, HR 
65, temperature 98 F, and RR 18. The patient had 
hyponasal speech. She was alert and oriented and 
in no distress. Cranial nerves II–XII were intact. 
Her head was normocephalic and atraumatic. 
Head and neck exam was notable for normal 
canals and normal tympanic membranes bilater-
ally. Ocular exam including conjunctiva was nor-
mal bilaterally. Nasal examination revealed 
boggy and pale nasal mucosa with bilateral clear 
mucoid secretions and hypertrophied inferior tur-
binates. Skin examination was normal; she did 
not show signs of atopic dermatitis, dermato-
graphia, or allergic shiners. On chest ausculta-
tion, she had normal air entry bilaterally with no 
wheezes or rhonchi. Her cardiovascular, abdomi-
nal, and musculoskeletal examinations were also 
unremarkable.

 Investigations

Complete blood count revealed hemoglobin of 
12  g/dL, white blood cell count of 9  ×  109/L, 
platelet count of 310  ×  109/L, neutrophils of 
7 × 109/L, lymphocytes of 3.1 × 109/L, and eosin-
ophils of 0.2  ×  109/L.  Electrolytes were within 
normal limits. Serum immunoglobulin E (IgE) 
level was 78 IU/mL. A nasal smear was obtained 
and showed >20% eosinophils. Skin prick testing 
was negative to a panel of seasonal and perennial 
environmental allergens in the presence of nor-
mal saline and histamine controls.

 Management

A diagnosis of nonallergic rhinitis with eosino-
philia syndrome (NARES) was established. The 
diagnosis was supported by the patient’s symp-
toms worsening with exposure to certain 
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 nonallergic irritants, a negative atopic history, 
negative skin prick and specific IgE testing, and 
predominant eosinophils on nasal smears.

She was counseled about her diagnosis with 
proper education to stress the importance of 
avoiding any irritants that may trigger her symp-
toms. Intranasal corticosteroids (INCS) were 
continued and she was instructed on the proper 
technique of administering the medication to 
maximize the benefit. Azelastine nasal spray was 
also prescribed in conjunction with the nasal cor-
ticosteroid for the relief of local symptoms based 
on its clinical effect in nonallergic rhinitis and 
studies showing a synergistic benefit with INCS 
[11, 12]. Loratadine 10  mg was replaced with 
chlorpheniramine 4  mg daily to decrease 
drainage.

 Discussion

Chronic rhinitis affects upward of 70 million 
individuals in the United States making it one of 
the most prevalent medical disorders in the coun-
try [13]. An estimated 44–87% of people with 
rhinitis have mixed rhinitis, a combination of 
allergic and nonallergic rhinitis [14]. Rhinitis can 
generally be divided into allergic rhinitis (AR) 
and nonallergic rhinitis (NAR). Allergic rhinitis 
can follow a perennial or seasonal pattern induced 
by well-defined indoor and outdoor aeroaller-
gens. Nonallergic rhinitis may be infectious, such 
as that caused by viruses, bacteria, or other 
microbial organisms, or it may be nonallergic/
noninfectious induced by weather changes such 
as temperature or barometric pressure and a spec-
trum of odorants and irritants [15]. Patients that 
manifest symptoms in response to allergic and 
nonallergic triggers are referred to as having 
mixed rhinitis [13].

Chronic nonallergic rhinitis is defined by 
nasal symptoms such as obstruction, sneezing, 
and anterior or posterior rhinorrhea that occur in 
relation to nonallergic, noninfectious triggers 
such as weather or temperature changes, expo-
sure to caustic odors or cigarette smoke, baro-
metric pressure differences, and others [14]. It 
tends to be adult onset, with the typical age of 

presentation between 30 and 60 years; however, 
children can also have NAR [16]. Historically, 
NAR variants have been divided into two groups 
based on nasal cytology: NAR with eosinophilia 
syndrome (NARES) and non-NARES. However, 
nasal cytology is rarely performed in clinical 
practice today due to issues with reproducible 
sample collection methodologies [16]. 
Nonallergic rhinitis can also be classified into 
two broad categories—inflammatory and nonin-
flammatory—that can be differentiated by nasal 
swab or biopsy [17]. Based on anatomy, a third 
category has also been reported as structurally 
related rhinitis. This includes patients with nasal 
septal deviation, turbinate deformity, nasal valve 
dysfunction, neoplasms, foreign body, choanal 
atresia or stenosis, adenoid hypertrophy among 
other conditions [18].

It is postulated that NAR results from abnor-
malities in the autonomic nervous system of the 
nose including adrenergic, cholinergic, and/or 
nonadrenergic, noncholinergic innervation. 
These abnormalities have been reported in both 
inflammatory and noninflammatory forms of rhi-
nitis. However, they are most predominant in the 
noninflammatory form [17]. The dysautonomia 
results in diminished sympathetic activity with or 
without parasympathetic overactivity and altered 
expression or activity of transient receptor poten-
tial (TRP) channels which are calcium ion chan-
nel receptors that are present at peripheral nerve 
terminals [13, 17]. TRP vanilloid 1 (TRPV1) and 
TRP Ankyrin 1 (TRPA1) are of particular note as 
they play a major role in transmitting the neural 
stimuli that trigger symptoms. When autonomic 
nerves fibers are exposed to inflammatory media-
tors, the G-coupled receptors activate kinase and 
phospholipase systems that prime TRPV1. 
Priming of TRPA1 is currently less defined. Once 
primed, TRP receptors become more susceptible 
to activation by endogenous and exogenous com-
pounds, leading to calcium influx, depolariza-
tion, and active release of neurotransmitter. This 
process comprises the major component of neu-
rogenic inflammation [17]. The topical antihista-
mine azelastine was found to activate TRPV1 
receptors in in vitro studies and with continuous 
exposure can desensitize receptors. The 
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 inflammatory form of NAR is further divided 
into eosinophilic and non-eosinophilic. Nasal 
biopsies commonly show increased eosinophils, 
mast cells, and mast cell degranulation. These 
histologic findings may be associated with differ-
ent clinical manifestations. For example, pre-
dominant eosinophilia may indicate increased 
responsiveness to glucocorticoids, whereas mast 
cell predominance may be associated mainly 
with nasal pruritus [17].

Noninflammatory NAR can be further classi-
fied into nine subtypes: drug-induced rhinitis 
(including rhinitis medicamentosa), gustatory 
rhinitis (rhinorrhea associated with eating), hor-
monal induced rhinitis, infectious rhinitis, 
NARES, occupational rhinitis, senile rhinitis, 
atrophic rhinitis, and vasomotor rhinitis (VMR) 
[16].

The symptoms and physical exam of AR and 
NAR can overlap and therefor these two rhinitis 
subtypes may appear very similar clinically. 
Although the diagnosis of AR and NAR is mainly 
clinical, blood or skin allergy testing may be uti-
lized to both support and differentiate between 
these two disorders. Distinguishing features of 
AR and NAR are summarized in Table 7.1.

The diagnosis of NAR is based on a history 
consistent with NAR such as the development of 
symptoms in response to odorant and irritant trig-
gers in the absence of an allergic etiology. The 
most common diagnostic tests used to distinguish 
allergic from nonallergic rhinitis are percutane-
ous skin tests and allergen-specific IgE antibody 
testing, both of which are negative in NAR. Less 
commonly utilized tests are nasal provocation 
test, nasal cytology, nasolaryngoscopy, and intra-
cutaneous skin testing [13, 19]. Skin testing 
involves introducing controlled amounts of aller-
gen into the epidermis. It yields rapid results and 
is convenient, safe, and widely accepted. IgE- 
mediated diseases such as AR involve both an 
immediate response caused by the release of con-
stitutive mast cell and basophil mediators such as 
histamine, and a late response due to the produc-
tion of newly formed mediators such as leukotri-
enes and chemokines 4–8 h later [19].

Allergen-specific IgE antibody testing is 
highly specific and correlates well with skin prick 

testing. Intracutaneous testing is used in situa-
tions where patients have a negative prick skin 
test but a compelling history of an allergy to the 
suspected allergen. Specific IgE testing is useful 
if percutaneous testing is not practical due to lack 
of expertise by the clinician or if the patient is 
taking a medication that interferes with skin test-
ing (tricyclic antidepressants or antihistamines) 
[19]. It is also preferred over skin testing when 
the risk of severe allergic reaction is high, and in 
those patients with skin conditions or dermato-
graphia which might interfere with skin testing 
[13, 17]. IgE might also be locally produced 
referred to as localized reAR, which can be 
detected by nasal response to allergen-specific 
nasal challenge [17]. For NAR, imaging is not 

Table 7.1 Distinguishing features of allergic and nonal-
lergic rhinitisa

Nonallergic rhinitis Allergic rhinitis
More common after age 20 Presents in childhood
No familial pattern Family history of 

atopy
More common in females Affects males and 

females equally
Mostly perennial with little 
seasonal variation

Seasonal variation 
common

Negative skin and /or serum 
IgE testing

Positive skin and/or 
serum IgE testing

Broad range or irritants Mainly aeroallergen 
triggers

Symptoms:
      •  Nasal congestion, 

sneezing, rhinorrhea
      •  Postnasal drainage 

with or without 
cough

      •  Infrequent eye 
symptoms

      • Minimal itching
      • More headaches
      • Eustachian tube 

dysfunction

Symptoms:
• Nasal: congestion, 

sneezing, 
rhinorrhea and 
nasal itch

• Ocular: 
conjunctivitis, 
watering and itch

Physical examination:
      • Mucosa can be 

normal, erythematous, or 
atrophic, with increased 
watery secretions

      • Mucosa may also be 
boggy and edematous 
similar to that in allergic 
rhinitis

Physical examination:
• Mucosa may be 

boggy, pale, and 
edematous

• Allergic shiners

aAdapted from [13]
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generally required unless structural issues are 
suspected or in situations where treatment is not 
effective.

Several comorbidities and complications are 
associated with chronic rhinitis such as acute and 
chronic sinusitis, headaches, worsening asthma, 
chronic cough secondary to postnasal drip, acute 
and chronic otitis media, eustachian tube dys-
function, sleep apnea, and decreased quality of 
life [13]. Managing NAR consists of avoidance 
of triggers in combination with medical and sur-
gical treatments. Avoidance is not as effective for 
NAR as it is for AR although avoiding respiratory 
irritants such as strong odors (soap, paint, and 

perfumes) and air pollutants (fumes and tobacco 
smoke) is recommended for patients who find 
that exposure to these irritants worsens their 
symptoms [14]. Figures 7.1 and 7.2 summarize 
the classification and treatment of allergic and 
nonallergic rhinitis, respectively.

 Corticosteroids

Nonallergic rhinitis is generally less responsive 
to medical treatment conventionally used to treat 
AR. A combination of INCS and topical antihis-
tamine (azelastine or olopatadine) is probably the 

Allergic Rhinitis

Mild

Oral H1-blocker
-and/or decongestant

Intranasal H1-blocker
-and/or decongestant

Intranasal H1-blocker
-and/or decongestant

Improved Failure

-Review dx
-Review compliance

Intranasal 
steroid

Patient follow-up after
2-4 weeks

In persistent rhinitis patient
follow-up after 2-4 weeks

If failure: step-up.
If improved: continue for 1

month

Step-down and
continue

treatment x 1 mo

Nasal cromone

Intranasal steroid

 Increase Intranasal
steroid

Itch/sneeze: Add
H1-blocker

Rhinorrhea: add
ipratropium

Blockage: add
decongestant or oral
corticosteroid (short-

term)

Oral H1-blocker
-and/or decongestant

Leukotriene modifier

Leukotriene modifier

MildModerate
Severe

Moderate
Severe

Intermittent
symptoms

Persistent
symptoms

Fig. 7.1 Algorithmic considerations for pharmacologic treatment of allergic rhinitis. Reprinted from [20] with permis-
sion from Elsevier
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most effective treatment for NAR to date [17]. 
Intranasal corticosteroids are most useful in the 
inflammatory form of NAR but have been found 
to be clinically effective in studies for NAR over-
all as a treatment [17, 20]. Patients need to be 
informed that it takes up to 48–72 h before INCSs 
take effect and symptoms start to improve [14]. 
For this reason, using INCSs as needed day to 
day is not advised.

Intranasal corticosteroids decrease inflamma-
tion mainly by decreasing arachidonic acid 
metabolism and reducing the degree of inflam-
matory cell infiltrate, particularly eosinophils 
[21]. The INCSs, especially the currently avail-
able second-generation agents (mometasone 
furoate, fluticasone propionate, ciclesonide, and 
fluticasone furoate), are considered generally 
safe and have favorable pharmacokinetic charac-
teristics that minimize systemic bioavailability 
(<1%) compared to older INCS and oral CS 

agents, thus minimizing systemic adverse effects 
[22]. The Food and Drug Administration has also 
labeled budesonide nasal spray as a Category B 
drug, indicating its safety during pregnancy [23]. 
The intranasal corticosteroids are associated with 
various topical side effects, affecting 5–10% of 
patients. These include nasal dryness, burning, 
hoarseness, sneezing, and aftertaste. Other less 
common side effects include headache, nausea, 
local infection (especially Candida albicans), 
epistaxis, and nasal septal perforation. Some of 
the topical adverse effects of INCSs are directly 
the result of poor technique of drug administra-
tion, which further emphasizes the importance of 
patient education on the proper use of these 
agents. Techniques for ensuring proper delivery 
of an INCS are to use the contralateral hand for 
each nostril, avoid applying pressure on the nasal 
septum, and direct the spray towards the ipsilat-
eral ear for maximal effect.

Non-allergic Rhinitis

1. Chronic rhinosinusitis
2. Drug-induced
3. Hormonally-induced
4. Infections
5. Mechanical/structural

6. Reflex-induced

Manage specific cause

Gustatory
NARES

Intranasal
steroid

Consider intranasal
ipratropium

Consider capsaicin
Consider surgical

consultation

Irritant/chemical

Vasomotor

Rhinorrhea
only

Intranasal
ipratropium

Azelastine
+/- nasal saline

irrigation

Azelastine
+/- nasal saline

irrigation

Suboptimal response
-Try alternative 1st

line therapy

Suboptimal response
-Review Dx
-Review compliance

Intranasal steroid
+/- nasal saline

irrigation

Intranasal steroid
+/- nasal saline

irrigation

Congestion,
rhinorrhea,
sneezing,
pruritus

Physiologic

Fig. 7.2 Algorithmic considerations for pharmacologic treatment of nonallergic rhinitis. Reprinted from [20] with 
permission from Elsevier
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 Antihistamines

Nonsedating second-generation H1 antihista-
mines are not as effective in NAR compared with 
AR largely because the mechanistic pathways are 
neurogenic rather than histaminergic [17]. 
However, first-generation antihistamines may 
have some therapeutic benefit due to their anti-
cholinergic activity which is helpful for drying 
up postnasal drainage. Due to the sedating side 
effects of first-generation antihistamines, they are 
not often used as first-line treatment for AR but 
for NAR may be necessary and if they are used 
should be dosed at bedtime. Topical antihista-
mines have also been found to be very effective 
in the treatment of NAR. Azelastine has shown to 
be more efficacious than olopatadine for treating 
NAR and is often combined with INCS such as 
fluticasone for further control of symptoms 
[11, 14].

 Decongestants

There is lack of evidence for the benefit of decon-
gestants [20]; thus, they should be considered as 
adjunctive therapy for NAR mainly to relieve 
nasal congestion [14, 17]. Oral decongestants can 
be considered for use of controlling nasal con-
gestion not responsive to the use of INCS, topical 
antihistamines, or a combination of both [17]. 
However, these agents have many intolerable 
side effects such as tachycardia, insomnia, 
increased blood pressure, and in some cases 
thromboembolic events. Thus it is recommended 
to use these agents with caution and to review 
potential side effects with patients prior to start-
ing. Intranasal decongestants may cause rebound 
congestion when used for extended periods of 
time. However, recent studies have found that 
when they are used in conjunction with an INCS 
agent they can be used for an extended period of 
time without development of rhinitis medica-
mentosa. Evidence has demonstrated that INCS 
prevent downregulation of alpha-adrenergic 
receptors, thereby preventing tolerance [20, 
24, 25].

 Anticholinergic

Intranasal ipratropium bromide spray is recom-
mended when rhinorrhea is the main symptom. It 
is primarily indicated for gustatory rhinorrhea 
and rhinorrhea due to cold exposure [14, 17]. It 
can be used in conjunction with INCS and/or 
intranasal antihistamines for the treatment of 
anterior or posterior rhinorrhea [14].

 Nasal Saline Lavage

Nasal saline lavage has been found to have mod-
est effect in selected patients [14, 17]. It is best 
performed prior to INCS or azelastine use so that 
secretions are cleared prior to application of 
medications [14]. Saline lavage significantly 
improves nasal symptoms including congestion 
[17]. It is hypothesized that this improvement 
might result from increasing mucociliary func-
tion, decreasing mucosal edema and inflamma-
tory mediators, as well as clearance of inspissated 
mucus and exogenous inflammatory or irritant 
triggers [26].

 Capsaicin

Capsaicin use for the treatment of NAR is still 
investigational; however, there is mounted evi-
dence that intranasal application of this homeo-
pathic agent is effective in NAR [25, 27]. It is 
believed to have a role in desensitization of 
TRPV1 ion channels and depletion of neuropep-
tide mediators such as substance P, thus decreas-
ing nasal hyperreactivity [14, 17].

 Surgery

Surgical management is reserved for select recal-
citrant cases of NAR, mainly when patients fail 
6–12 months of medical therapy. Surgery can be 
considered in the presence of surgically correct-
able comorbidities such as nasal obstruction due 
to nasal septal deviation, inferior turbinate or 
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adenoid hypertrophy, or refractory sinusitis due 
to osteomeatal complex disease.

 Clinical Pearls and Pitfalls

• Chronic rhinitis is one of the most prevalent 
medical disorders in the United States that can 
lead to recurrent sinusitis if not diagnosed and 
treated properly.

• Chronic rhinitis can be allergic or nonallergic.
• Diagnosis of NAR is mainly clinical and sup-

ported by negative skin prick or allergen- 
specific IgE testing.

• A combination of INCS and topical antihista-
mine is possibly the most effective treatment 
for NAR.

• First-generation oral antihistamines may be of 
benefit to some patients due to their anticho-
linergic effects. Second-generation antihista-
mines are not as effective for NAR compared 
with AR.
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Chronic Rhinosinusitis 
with Polyposis: Diagnosis 
and Treatment

Wytske Fokkens

 Case Presentation 1

A 47-year-old man presents with a chronic 
cough and nasal congestion with postnasal drip. 
His nose is usually relatively open but when eat-
ing he has difficulty breathing through his nose. 
There is usually no rhinorrhea, except when 
walking outside and at the end of the day. He 
has associated facial pain that he describes as a 
pressure over the forehead and behind the eyes. 
This discomfort is decreased when he takes 
painkillers. He uses fluticasone propionate nasal 
spray two puffs BID but does not think this 
really improves his symptoms. He occasionally 
rinses his nose with saline but takes no other 
medication for his nose.

He also has a history of asthma, which requires 
daily use of salbutamol and formoterol as needed 
but is on no controller therapy. He has felt poorly 
the entire winter, like he has a continuous cold. 
His primary care physician has been treating his 
worsening asthma with antibiotics (clarithromy-
cin for 3 weeks) and periodic bursts of prednisone 
(10 mg for 1 week). Occasionally, he takes aspirin 
or ibuprofen, which does not appear to affect his 
breathing. He has no other chronic medical prob-
lems and does not take other medications.

He does not smoke, and only uses alcohol on 
occasion, which does not appear to increase his 
symptoms.

In 2012 he had functional endoscopic sinus 
surgery (FESS) with suboptimal results.

He completed a SNOT-22, which showed a 
total score of 23 (Table 8.1).

The asthma control questionnaire (ACQ) 
revealed an average score of 2.3 (Table 8.2).

Nasal endoscopy showed chronic rhinosinus-
itis with polyposis (CRSwNP) gr 1-2 on the right 
side and gr 1 on the left side covered with yellow 
crusts. The ostia to the maxillary sinus were non- 
obstructed, but the mucosa was clearly thickened. 
The nasopharynx did not show any abnormalities 
and during the examination there was no evidence 
of a postnasal drip. The Eustachian tube openings 
did not show any abnormalities and the rest of the 
otolaryngeal examination was also normal.

Skin prick testing showed marginal sensitiza-
tion to HDM (1+) and Aspergillus (1+).

PNIF: 100  mL/s (normal value >100  mL/s, 
mean for his length and age: 140 mL/s).

Smell (Sniffin’ Sticks Screening 12 Test): 
11/12 good (normosmia).

CT sinus: There was full opacification of the 
frontal sinus bilaterally, and partial opacification 
of the ethmoids bilaterally with an unobstructed 
olfactory fossa and infundibulum. The maxillary 
sinus mucosa was thickened bilaterally and the 
sphenoid sinus was opacified on the right side 
and clear on the left. There were no bony defects 
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or signs of significant ostitis, especially in the 
frontal sinuses (Fig. 8.1).

Consultation from a pulmonologist confirmed 
the diagnosis of asthma and prescribed a combi-
nation corticosteroid/long-acting bronchodilator 
inhaler.

 Discussion

 Diagnostic Approach
Questionnaire Evaluation: We always ask our 
patients to fill in the SNOT-22 and an asthma 
questionnaire with general questions on asthma, 
and the six-item ACQ [1, 2]. These question-
naires provide important information about the 
patient’s QOL and ensure that all relevant ques-
tions are asked related to asthma, including 
assessment of asthma control.

Specifically, the SNOT-22 is a modification of 
the 31-item RSOM, containing 22 nose, sinus, and 
general items. The instrument is validated and has 
been demonstrated to be reliable and easy to use [3].

The six-item Asthma Control Questionnaire 
(ACQ) has been validated to measure the goals of 
asthma management as defined by international 
guidelines (minimization of day- and nighttime 
symptoms, activity limitation, beta(2)-agonist 
use, and bronchoconstriction). Responses are 
given on a 7-point scale and the overall score is 
the mean of the responses (0 = totally controlled, 
6 = severely uncontrolled). Patients with a score 
of under 1.0 are considered controlled and 
patients with a score over 1.5 are inadequately 
controlled [4].

Nasal Airway Obstruction Assessment: We 
routinely obtain a PNIF to objectively check for 
nasal airway obstruction. PNIF is an inexpensive, 
fast, portable, and simple technique, which does 
not depend on computers to analyze the data [5]. 
PNIF is a modification of the Wright peak flow 
meter and consists of a face mask which the patient 
applies over the nose without touching the nose.

It has good reproducibility with a correlation 
coefficient up to 92%. The PNIF provides a mea-
sure of nasal airflow and a direct measure of nasal 
obstruction which can be used unilaterally with 
the mouth closed. Patients must be encouraged to 
inhale as hard and fast as they can through the 
mask keeping the mouth closed starting from the 
end of a full expiration. The best of three satisfac-
tory maximal inspirations is usually taken as the 
PNIF [6]. In patients with chronic rhinosinusitis, 

Table 8.1 SNOT-22, case 1

Item Score
Need to blow nose 1
Nasal blockage 2
Sneezing 0
Runny nose 0
Cough 4
Postnasal discharge 3
Thick nasal discharge 0
Ear fullness 1
Dizziness 0
Ear pain 0
Facial pain/pressure 2
Decreased sense of smell/taste 3
Difficulty falling asleep 0
Wake up at night 3
Lack of a good night’s sleep 2
Wake up tired 1
Fatigue 0
Reduced productivity 0
Reduced concentration 0
Frustrated/restless/irritable 1
Sad 0
Embarrassed 0
Total score 23

Table 8.2 ACQ, case 1

On average, during the past week:
How often were you woken by 
your asthma during the night?

A few times (2)

How bad were your asthma 
symptoms when you woke up in 
the morning?

Moderate 
symptoms (3)

How limited were you in your 
activities because of your asthma?

Moderately 
limited (3)

How much shortness of breath did 
you experience because of your 
asthma?

A moderate 
amount (3)

How much of the time did you 
wheeze?

A moderate 
amount of the 
time (3)

How many puffs of short-acting 
bronchodilator (e.g., ventolin) 
have you used each day?

3 ± 4 puffs most 
days (2)

Average score 2.3
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PNIF significantly improves after treatment and 
has been shown to correlate with the SNOT-22 
total score. It also has a moderate-to-strong corre-
lation with nasal obstruction VAS grading during 
the treatment period [7]. PNIF gives comparable 
data to acoustic rhinometry and rhinomanometry 
in healthy and obstructed noses [5, 6].

Allergic Assessment: Skin prick testing should 
be performed in all patients with CRS, with and 
without nasal polyps [8]. Although allergic rhinitis 
is not more prevalent in patients with CRSwNP 
than in the general population, the symptoms of 
allergic rhinitis when present do contribute to the 
patient’s overall symptom load and therefore 
should be prevented as much as possible. Also, 
when there is a considerable allergic rhinitis com-
ponent, treatment differs from CRSwNP treatment. 
For example, patients with allergic rhinitis can be 
given antihistamines or allergen immunotherapy to 
improve their symptoms and quality of life (QoL).

Olfactory Testing: For routine smell testing 
we use the Sniffin’ Sticks Screening 12 Test [9]. 
This test is based on the identification of every-
day odors in the scope of a “multiple-forced- 
choice” method. The time required for the 
execution and evaluation of the test is between 3 
and 4 min. It is important to do objective smell 
testing as like this patient there is sometimes a 
discrepancy between subjective and objective 
smell evaluation. When no objective reduction in 
smell is observed it is usually difficult to improve 
the patient’s smell with medications such as 
corticosteroids.

Laboratory Testing: Routine laboratory test-
ing is generally not warranted. However, for 
patients where disease is not responding to ini-
tial treatment laboratory testing depends on 
unanswered relevant clinical issues. Peripheral 
eosinophils and total IgE are the most frequent 
tests obtained.

Fig. 8.1 CT scan of case 1
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Radiologic Testing: A CT scan of the sinuses 
was performed in this patient. CT scanning of the 
paranasal sinuses is the modality of choice for 
optimal displaying of air, bone, and soft tissue. 
However, it should not be regarded as the primary 
step in diagnosis of the condition, except where 
there are unilateral signs and symptoms or other 
sinister clinical signs. Rather a CT scan of the 
sinuses is obtained to corroborate the patient’s his-
tory and endoscopic examination after failure of 
medical therapy. Much attention has recently been 
given to the radiation exposure associated with CT 
scans, the use of which have increased 20-fold in 
the past 30  years. Thus, several protocols have 
been developed to decrease radiation exposure 
with comparable or improved resolution [10]. 
Cone beam technology is becoming increasingly 
available and is associated with lower radiation 
exposure than conventional imaging [11, 12].

 Final Diagnosis

This is a patient with CRSwNP and asthma. He pri-
marily complains about cough and postnasal drip. 
His total SNOT-22 score is 23. Nasal endoscopy 
shows grade 1–2 nasal polyps and purulent crust-
ing. He is not performing saline rinsing adequately 
and not using optimal medical treatment. There are 
no signs of serious disease or complications by CT 
scanning other than confirmation of sinus opacifi-
cation consistent with nasal polyps. There is no rel-
evant sensitization to aeroallergens. The patient’s 
medical treatment was optimized, which included 
adding an inhaled corticosteroid to improve his 
asthma control [13, 14].

 Treatment

The patient was advised to start rinsing his nose 
twice daily with saline supplemented with corti-
costeroids in the rinsing solution. Treatment with 
systemic corticosteroids was not recommended 
because it was felt that the symptoms he was com-
plaining of would not significantly improve with 
this treatment. It was also discussed with the 
patient that treatment with systemic antibiotics 

would not be of significant benefit as this time 
[15]. A nasal or sinus culture was not performed 
in our patient and is not routinely done in our 
patients, which may in part be due to the very low 
prevalence of antibiotic resistance in the 
Netherlands [16, 17]. We also did not advise to 
add other medications other than local corticoste-
roids to the rinsing solution. We discussed the 
option of adding xylitol, but this was deferred 
until response to rinsing with corticosteroid could 
first be determined. Surgical options involving the 
ethmoid and frontal recesses were also discussed 
but it was felt that the chances of significant clini-
cal improvement of his symptoms, especially the 
PND and cough, were small. The patient felt that 
the impact of his facial pain/pressure did not suf-
ficiently impact his QoL to warrant surgery prior 
to first optimizing his medical treatment.

 Follow-Up

The patient was seen in follow-up 3 months later. 
The crusting had mostly resolved and he had 
grade one nasal polyps bilaterally. He still had 
occasional facial pain but his cough had signifi-
cantly improved with the rinsing and inhaled cor-
ticosteroids. He was satisfied with his overall 
care, and it was recommended he continue his 
current medical treatment.

 Discussion About Treatment Options

It has been suggested that patients with a preop-
erative SNOT-22 score higher than 30 points 
receive a greater than 75% chance of achieving a 
clinically relevant decrease of symptoms (MCID 
>9) and on average obtain a 45% relative 
improvement in their QoL after ESS but that 
patients with SNOT-22 score of less than 20 do 
not experience improved QoL from ESS [18, 19]. 
Recently an international, multidisciplinary panel 
of ten experts in CRS using the RAND/UCLA 
appropriateness methodology has developed a 
list of appropriateness criteria to offer ESS as a 
treatment option during management of uncom-
plicated adult CRS [20]. They recommended 
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having a SNOT-22 score of ≥20  in conjunction 
with persistent relevant CT scan abnormalities 
after treatment which should include at least 
8  weeks of topical corticosteroids and a short 
course of systemic corticosteroids. These are the 
minimal threshold criteria required to make ESS 
a treatment option but do not imply that all 
patients meeting these criteria require surgery. 
The decision to perform ESS should be made 
after an informed patient makes a preference- 
sensitive decision to proceed with surgery. It is 
important for the patient to understand which 
symptoms are likely to improve after surgery 
(e.g., facial pain) and which symptoms are more 
difficult to influence (smell, PND). Although 
there were abnormalities on the sinus CT scan 
involving primarily the frontal sinus, we did not 
feel that his limited symptoms of facial pain/pres-
sure warranted a second FESS.

 Nasal Irrigation
Nasal saline is used to cleanse the nose, getting 
rid of purulent mucus and crusts that support the 
vicious cycle of irritation leading to chronic 
inflammation leading to increased cellular and 
mucus debris. Patients with CRSwNP are often 
incapable of removing this debris out of the 
sinuses because the chronic inflammation results 
in impaired mucociliary clearance and obstruc-
tion of the sinus ostia.

Although evidence is limited, a Cochrane 
review on treatment of CRS (with or without pol-
yps) symptoms has reported that high-volume 
isotonic or hypertonic solution is beneficial even 
when used as monotherapy [21]. However, there 
was no difference in benefit of a low-volume 
(5  mL) nebulized saline spray over intranasal 
corticosteroids [21].

Several modifications and additions to the 
nasal saline irrigation have been investigated.

Modern topical corticosteroid therapy does not 
have systemic side effects, although locally there 
might be some nasal irritation, dryness of the nasal 
passages, or epistaxis [22, 23]. Adequate delivery 
and therapeutic effect depend on several factors. 
For example, delivery is better after ESS as an 
ostial size of ≥4 mm is required for the irrigation 
fluid to penetrate into the maxillary sinuses [24]. 

Distribution of irrigation fluid to obstructed 
sinuses regardless of the delivery device used is 
limited (2–3%), with nasal sprays being the least 
effective of all [21]. Post-surgery rinsing distribu-
tion appears to be best with higher volume and 
positive pressure devices [21]. Sodium hypochlo-
rite (NaOCl) is a well-known disinfecting agent 
effective against several organisms including S. 
aureus and P. aeruginosa. A 0.05% NaOCl- 
containing saline solution has been found to be 
significantly more effective than isotonic saline 
alone in CRS patients [25, 26].

Xylitol has been found to reduce nasal bacterial 
carriage, and rinsing with 12 mg of xylitol mixed 
with 240 mL of distilled water results in signifi-
cant improvement of CRS symptoms compared to 
saline irrigation alone [27]. Xylitol 5% reduced 
biofilm biomass, inhibited biofilm formation, and 
reduced growth of planktonic bacteria (S. epider-
midis, S. aureus, and P. aeruginosa) [28].

The idea that surfactants may dissolve bio-
films by their potential to reduce water surface 
tension was tested in a non-randomized open- 
label trial using nasal irrigations containing baby 
shampoo and showed 46% subjective symptom 
improvement [29]. A commercialized version of 
this product however was later removed from the 
market because of possible side effects, most 
notably loss of smell.

In general, nasal rinsing is an important mea-
sure in the treatment of CRSwNP and should be 
incorporated as a supplement to other more disease- 
specific therapies [30]. At the same time additions 
to nasal irrigation fluid convert it into more active 
pharmacotherapy with promising results which has 
revived interest in the development of more opti-
mal nasal drug delivery techniques [31].

 Corticosteroids
Corticosteroids and especially topical nasal corti-
costeroid are the mainstay of pharmacotherapy 
for CRSwNP.  They directly reduce eosinophil 
viability and activation as well as indirectly act to 
decrease the secretion of chemotactic cytokines 
of nasal and polyp epithelial cells [32].

Biologically, corticosteroids activate intracel-
lular glucocorticoid receptors (GR), of which α 
and β isoforms exist [33]. The GRα receptor is 
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anti-inflammatory by repressing pro- inflammatory 
and promoting anti-inflammatory gene transcrip-
tion [34]. The nose has a rich supply of blood ves-
sels and therefore in the presence of inflammation 
hyperemia resulting in increased blood flow and 
microvascular permeability resulting in edema 
formation can occur very quickly.

Corticosteroid therapy in CRS is used in two 
modalities, systemic and topical. Systemic therapy 
makes the drug available throughout the whole 
paranasal system and is by far the most effective 
approach but is associated with a much greater risk 
of systemic side effects like insomnia, weight gain, 
gastrointestinal disturbance, adrenal suppression, 
osteoporosis, mood changes, and corticosteroid-
induced diabetes mellitus [35–37]. High-volume 
corticosteroid nasal irrigations are a good option in 
difficult-to-treat CRS control of disease, reaching 
81.3% success control and significant improvement 
of SNOT-22 and Lund-Kennedy scores [38, 39]. 
Post-surgery distribution appears to be best with 
higher volume and positive pressure devices (21). 
Daily high-volume sinonasal budesonide irrigations 
fail to produce evidence of HPA axis suppression 
with prolonged use greater than 2 years [40].

The Cochrane meta-analyses for local corticoste-
roids in CRS (most studies with NP) show improve-
ment for all symptoms, a moderate-sized benefit for 
nasal blockage, and a small benefit for rhinorrhea. 
The risk of epistaxis is increased, but these data 
included all levels of severity including small streaks 
of blood which may not be a major concern for 
patients and is often not clinically relevant. It is 
unclear from the evidence whether the risk of local 
irritation is larger when using intranasal corticoste-
roid compared to placebo. There is little information 
about the effect of topical corticosteroid therapy on 
QoL [22]. In another Cochrane review, insufficient 
evidence was found to suggest that one type of intra-
nasal corticosteroid is more effective than another in 
patients with CRS (with or without nasal polyps), nor 
that the effectiveness of a spray differs from an aero-
sol. There was also insufficient evidence to suggest 
that the different types of corticosteroid molecules or 
spray versus aerosol delivery have different effects. 
In daily practice, the use of high-volume NaCl  rinsing 
with local corticosteroid seems to be most effective 
and has been shown to be very safe [40].

 Clinical Pearls and Pitfalls

• CRS (with or without nasal polyps) patients 
with a SNOT-22 score of less than 20 do not 
experience improved QoL from ESS.

• High-volume nasal saline irrigation has an 
important place in the treatment of CRS.

• Diagnosis and treatment of asthma is an 
important aspect in the care of CRSwNP 
patients.

 Case Presentation 2

A 61-year-old man was seen in consultation for 
loss of smell, nasal blockage, rhinorrhea, and 
postnasal drainage. Approximately 7 years ago, 
he developed symptoms of obstructive sleep 
apnea syndrome (OSAS) requiring CPAP.  Over 
the past few months he developed trouble using 
his CPAP because his nose was so congested. In 
addition, he has severe asthma with frequent 
requirement for bursts of systemic corticoste-
roids. He has aspirin intolerance and 2 years ago 
had a near-fatal asthma attack when he acciden-
tally took an NSAID for joint pain. He is sensi-
tized to HDM and pollen but not to fungi including 
Aspergillus species or Alternaria. During the tree 
season, he has symptoms of sneezing, worsening 
rhinorrhea, and itchy watery eyes.

His total SNOT-22 score was 40 (for details 
see Table 8.3).

The patient regularly performs nasal rinses with 
saline-containing corticosteroids. When he receives 
systemic corticosteroids for his asthma, he notices 
that his nasal symptoms become progressively bet-
ter, as does his sense of smell, although the effect of 
the latest short course of corticosteroids did not last 
as long, nor did it yield the magnitude of response 
he had previously experienced with respect to 
decreased congestion and improved smell. He sees 
a pulmonologist for his asthma, and is on mainte-
nance combination inhaled corticosteroid/long- 
acting beta-2-agonist controller therapy. Previously 
he had tried montelukast without noticeable 
improvement in his symptoms. He occasionally 
uses an oral second-generation antihistamine 
mainly during the spring pollen season.
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He has no other medical problems and does 
not use other medications.

He does not smoke, and drinks two to three 
glasses of wine every night, which do not appear 
to impact his symptoms.

Previously he underwent a nasal septoplasty 
and 4 years ago he underwent FESS to remove 
nasal polyps. After the surgery, he could not 
smell but his nasal blockage was completely 
relieved. In the last 2 years, he has had frequent 
exacerbations of his CRS that in his opinion 
cause his asthma exacerbations.

Nasendoscopy confirmed CRSwNP grade 
3–4 bilaterally (the polyps do not touch the floor 
of the nose) (Fig.  8.2). There is watery mucus 
but the nasopharynx examination was normal 
without evidence of postnasal drip. The remain-
ing ENT examination including the ears was 
normal.

Skin prick test showed sensitization to HDM, 
grass, and tree pollen.

PNIF: 50 mL/s (normal value >100 mL/s).
Smell: (Sniffin’ Sticks Screening 12 Test): 

3/12 consistent with anosmia.
The CT scan of the sinuses (performed after 

14 days of prednisone 30 mg daily) still demon-
strates almost total opacification of the sinuses but 
there are no bony defects or signs of significant 
osteitis including in the frontal sinus (Fig. 8.3).

 Diagnosis

This is a patient with aspirin triad which includes 
CRSwNP, severe asthma (FEV1 66%), and aspi-
rin intolerance also known as NSAID exacer-
bated respiratory disease (NERD). His total 
SNOT-22 score was 40. Nasal endoscopy dem-
onstrated grade 3–4 nasal polyps. He has signifi-
cant symptoms despite using optimal medical 
treatment and his asthma is deteriorating. The 
patient requests revision surgery, and it is agreed 
that this is probably the best option. We per-
formed a full- house FESS including full anterior 
and posterior ethmoidectomy, infundibulotomy, 
endoscopic opening of the frontal sinus (Draf 
IIa), and sphenoid.

 Discussion
Nonsteroidal anti-inflammatory drug (NSAID)-
exacerbated respiratory disease (NERD), also 
still referred to as aspirin triad or Samter’s 
triad, is a syndrome of airway inflammation 
characterized by rhinosinusitis with polyposis, 
asthma, and nonsteroidal anti-inflammatory 
drug (NSAID) intolerance [41]. Approximately 
9% of patients with CRSwNP will also have 
aspirin- exacerbated respiratory disease (AERD) 
making prompt identification, diagnosis, and 
management of this syndrome important for 
controlling disease progression [42, 43].

The pathophysiology of CRS is complex and 
includes local, systemic, microbial, environ-
mental, genetic, and iatrogenic factors. 
Recognition of the heterogeneity of CRS has 
promoted the concept that CRS consists of mul-
tiple “endotypes,” which are defined by distinct 
pathophysiologic mechanisms that might be 
identified by corresponding biomarkers.

Table 8.3 SNOT-22, case 2

Item Score
Most important 
items

Need to blow nose 3
Nasal blockage 4 ×
Sneezing 2
Runny nose 3
Cough 4 ×
Post-nasal discharge 4
Thick nasal discharge 4 ×
Ear fullness 0
Dizziness 0
Ear pain 0
Facial pain/pressure 2
Decreased sense of smell/
taste

5 ×

Difficulty falling asleep 2
Wake up at night 3 ×
Lack of a good night’s 
sleep

1

Wake up tired 0
Fatigue 1
Reduced productivity 1
Reduced concentration 1
Frustrated/restless/irritable 0
Sad 0
Embarrassed 0
Total score 40
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In the past several years, cluster analysis of 
CRS has shown that this condition like asthma is 
a complex disease consisting of several disease 
variants with different underlying pathomecha-

nisms [44–46]. In Europe and the USA most 
patients with CRSwNP associated with NERD/
AERD have a TH2 profile characterized by high 
eosinophilia and IL-5 levels [44].

Fig. 8.2 Nasendoscopy view of both sides of the nose

Fig. 8.3 CT scan of case 2
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 Treatment

A full-house FESS including Draf IIa and sphe-
noidectomy was performed. Fortunately, the fron-
tal sinus contained very thick glue that was able to 
be completely removed by meticulous rinsing, but 
there was no evidence of nasal polyps. 
Postoperatively the patients received 2  weeks of 
Augmentin and 2  weeks of prednisolone 30  mg 
per day. Very soon after surgery he again devel-
oped significant symptoms of nasal obstruction 
and loss of smell. Although endoscopy did not 
reveal any nasal polyps, the entire nasal mucosa 
was significantly swollen. One year postopera-
tively he again began to experience CRS exacerba-
tions leading to worsening asthma. At that time the 
patient’s pulmonologist recommended subcutane-
ous anti-IgE therapy for his asthma. In the months 
after starting the anti-IgE treatment, swelling of 
the nasal mucosa noticeably was reduced and the 
patient could breathe properly through his nose 
and better tolerate the CPAP even though his smell 
remained poor. After approximately 2  years his 
smell became optimal (smell test 8/12) and his 
CRS and asthma exacerbations subsided. The 
patient is still on anti-IgE treatment and his upper 
airway symptoms are minimal. Last year he only 
had one exacerbation where he needed systemic 
corticosteroids for his asthma.

 Discussion
The evidence related to the effectiveness that dif-
ferent types of sinus surgery versus medical treat-
ment for adults with CRSwNP is better than the 
other is primarily in the form of patient-reported 
symptom scores and QoL measurements [47]. 
Studies showing that more aggressive surgery is 
more effective are lacking, although there are 
some studies supporting this approach [48, 49]. 
Most experienced surgeons indicate that the 
extent of surgery should be tailored to the extent 
of the disease. For that reason, a full-house FESS 
was performed in this revision case.

In revision surgery, the regular anatomical 
landmarks as taught in basic FESS techniques are 
usually absent. Therefore, stable anatomical 
landmarks must be identified and used. A few of 
these landmarks can always be found even when 

extensive surgery has been performed earlier. 
Identifying these landmarks and going from one 
landmark to the other during revision surgery 
ensure safety. In revision surgery, it is mandatory 
to carefully study the CT scan and MRI, if avail-
able. Important landmarks to identify in revision 
surgery are the level of the skull base in relation-
ship to the maxillary sinus roof, lamina papyra-
cea (defects), sphenoid, onodi cells, optic nerve, 
carotid artery and attachments of septa to it, slope 
of the skull base and height of the lateral lamella 
(Keros classification), anterior ethmoid artery 
(nipple sign), and anatomy of the frontal recess.

It is important to discuss the objective of the 
surgery with the patient prior to operating. Goals 
of surgery can be to improve symptoms like nasal 
obstruction, smell, pain, or rhinorrhea. Often the 
goal of the surgeon can also be to decrease the 
amount of diseased mucosa or opening the sinus 
ostia for local treatment. It is important to discuss 
the goals of the surgery and expectations of the 
patient. Certain concepts are especially important 
that may require extra attention such as empha-
sizing that surgery is a step in the treatment 
sequence but that surgery itself seldom results in 
a CRS cure. When the main goal of the patient is 
to improve smell, we explain to the patient that 
traditionally nasal obstruction of the olfactory 
cleft with nasal polyps has been postulated to be 
a contributing cause of CRS-associated olfactory 
loss but the degree of anosmia does not always 
correlate with the degree of blockage, and there-
fore removal of polyps does not reliably improve 
olfaction [50]. If there is a question regarding the 
possible improvement in smell, initial treatment 
with a short course of systemic corticosteroids 
prior to surgery can determine the likelihood of 
smell improving after surgery [51]. In addition, 
histologic studies of olfactory mucosa in patients 
with CRS have demonstrated changes in the 
olfactory epithelium, and that markers of eosino-
phils are elevated in the superior turbinate of 
patients with CRSwNP that correlate with the 
degree of olfactory loss [52–54].

Another option in the treatment of patients with 
NERD is aspirin desensitization [55, 56]. Two small 
studies have shown efficacy of aspirin desensitiza-
tion with 300–625 mg aspirin daily in patients with 
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CRSwNP and aspirin intolerance [57, 58]. However, 
daily intake of lower doses did not change symp-
tomatology or need for surgery [59]. Optimal results 
of aspirin desensitization have been reported after 
sinus surgery and reduction of nasal polyposis. 
Contrary to the indication of cardiology patients 
requiring low- dose aspirin, we do not routinely 
offer patients aspirin desensitization mainly because 
of the risk of serious gastrointestinal (GI) events 
including GI bleeding, ulcers, and perforation. 
Furthermore, patients with severe uncontrolled 
asthma (FEV1 < 70%) are not optimal candidates 
for this therapy. Only for very aggressive CRSwNP 
cases that do not react favorably to other treatments 
and for those patients who do not qualify for bio-
logicals do we discuss the option of aspirin desensi-
tization. However, other centers around the world 
have different experiences and thresholds for rec-
ommending this treatment. Other risk factors for GI 
ulcer development like advanced age, history of 
ulcer or GI bleed, and concomitant use of systemic 
corticosteroids or anticoagulants are carefully taken 
into account before performing. Co-therapy with a 
PPI is advised [60].

Despite aggressive surgery, the symptoms and 
signs of disease recurred quickly in this patient.

Prior to the availability of monoclonal anti-
bodies, we would likely have performed a drill- 
out procedure of the frontal sinus (Draf III 
procedure) to reduce inflammatory load [61].

 Treatment with Monoclonal Antibodies
Patients with severe CRSwNP, certainly in 
Europe and the USA, have a TH2-type inflamma-
tion consisting of higher total IgE, increased 
eosinophils, and Th2 cytokines (e.g., IL-5 and 
IL4/IL-13). The development of monoclonal 
antibody treatments targeting IgE and TH2 cyto-
kines has rapidly progressed over the last few 
years, and major advances using these therapies 
have been reported for the treatment of several 
allergic diseases including asthma [62].

A number of studies have been performed 
investigating the effects of the monoclonal anti-
bodies, omalizumab (anti-IgE) [63], mepoli-
zumab (anti-Il-5) [64], reslizumab (anti-Il-5) 
[65], and dupilumab (IL-4 receptor alpha and 
interfering with both IL-4 and IL-13 pathways), 
in CRSwNP patients [66]. All these studies have 

shown a positive effect on reducing polyp size, 
and also on improving CT scores [63, 64, 66], 
symptoms [63, 66], SNOT-22 QOL question-
naire [63, 66], and olfactory testing [63, 66]. 
These therapies are well tolerated with very lim-
ited side effects. Asthma patients in most of 
these studies also achieved significantly 
improved pulmonary function and asthma symp-
tom reduction. In most countries omalizumab 
and mepolizumab are now approved for treating 
patients with severe asthma. In the future, bio-
markers may allow us to personalize patient care 
by identifying which patient endotype would 
respond best to one monoclonal therapy over 
another resulting in substantially better clinical 
outcomes with far fewer side effects than present 
treatment options [67, 68].

 Clinical Pearls and Pitfalls

• Phenotyping and endotyping of CRSwNP can 
result in precision management.

• It is important to discuss with the patient the 
goals of the surgery prior to operating.

• A trial with short-term systemic corticoste-
roids may predict whether surgery will have a 
potential favorable impact on improving smell 
postoperatively.

• Biologics targeting IgE and TH2 cytokines 
should be considered in the treatment of 
patients with severe CRSwNP and asthma.
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A cough is a complex neurogenic reflex that 
forms part of the innate protective mechanisms of 
the airways. The function of coughing is to clear 
the airways of noxious stimuli (microbes, chemi-
cals, and physical); however, many medical con-
ditions, including those of the upper airways, 
evoke cough, which in itself may be a major 
symptom of the particular disease state. This 
chapter is structured to overview the neural and 
molecular mechanisms involved in the detection 
and reaction to stimuli, causes of cough with a 
focus on upper airway etiologies, and two case 
studies to contextualize this information.

 Case Presentation 1

A 47-year-old non-smoking male presents with a 
history of mild allergic rhinitis that was previ-
ously well controlled with the as-needed use of 
oral second-generation antihistamines and intra-
nasal corticosteroids. Other medications include 
over-the-counter antacids. He complains of an 
8-week history of cough and postnasal drip. He 
has some maxillary tenderness and has noticed 
yellow discolored thick nasal mucus. He has had 
one course of oral antibiotics (amoxicillin), 
which lightened the color of the nasal mucus, but 

the thick discolored mucus returned. His cough 
also did not improve on oral antibiotics. He has 
noticed that cold air and the smell of smoke 
aggravate his cough. The cough also worsens 
upon lying down. His wife thinks that dairy prod-
ucts make the cough worse, but ceasing all 
sources of dairy for 2 weeks did not reduce his 
cough. Overall, he thinks the cough is worsening. 
He has experienced several prolonged bouts of 
severe coughing spasms lasting several minutes 
resulting in trouble breathing during which he 
felt like he was going to pass out and in a couple 
instances like he was going to die. On specific 
inquiry, his breathing difficulty is more pro-
nounced with deep inspiration than expiration, 
and the tightness is felt in his throat rather than in 
his chest. He also notes dysphonia with these epi-
sodes. He has tried using his son’s albuterol 
inhaler during these episodes; it appeared to yield 
partial improvement of his symptoms.

 Physical Examination

The patient has allergic conjunctivitis with 
vascular injection and mucosal hypertrophy of 
the bulbar conjunctiva. Rhinoscopy revealed 
moderate edema of the inferior turbinates and of 
the head of the middle turbinates bilaterally, the 
latter finding suggestive of an inhalant allergy 
[1]. There is mucosal hypertrophy manifesting 
as a pale, edematous cobblestone speckled 
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appearance on the turbinates. There is thick 
mucopurulent discharge in the area of the middle 
meatus bilaterally. There was no evidence of 
nasal polyposis. There is no cervical lymphade-
nopathy. Pharyngeal and indirect laryngeal 
examination was normal. Chest cavity shape is 
normal with good air movement, and breath 
sounds on auscultation were normal.

 Investigations

Skin prick testing revealed large reactions to dust 
mite, birch, ragweed, and timothy grass. Nasal 
swabs grew a heavy mixed growth of 
Streptococcus pneumonia and Haemophilus 
influenzae, which were sensitive to Augmentin 
and Cefaclor. CT scan of sinuses confirmed turbi-
nate swelling and revealed thickening of the 
maxillary and frontal sinuses with the presence 
of fluid levels. The ethmoid sinuses were opaque. 
Spirometry showed normal lung function without 
change after bronchodilators. He did endorse dif-
ficulty taking a deep inspiration, which aggra-
vated coughing. His inspiratory loop did not 
reveal the characteristic inspiratory “chink” 
observed with vocal cord dysfunction. This does 
not exclude vocal cord dysfunction but merely 
indicates the absence of symptoms at the time of 
evaluation.

 Impression

Based on clinical history, this patient would 
appear to have several conditions that are contrib-
uting to his postnasal drip, acute respiratory dis-
tress, and cough. He has allergic rhinitis, acute 
rhinosinusitis (based on EPOS definition of 
sinusitis symptoms persisting less than 12 weeks) 
[2], and provisional diagnoses of vocal cord dys-
function (VCD), and gastroesophageal reflux dis-
ease. The diagnosis of VCD requires direct 
laryngeal assessment during an episode, where 
the vocal cords can be observed to be in a 
restricted adducted state. Gastroesophageal 
reflux disease should be further assessed via 
endoscopy and/or a pH probe if symptoms per-

sist, as acid reflux may stimulate to laryngeal and 
pharyngeal cough reflexes.

 Management

The patient was advised to use nasal saline 
lavages and a nasal decongestant (oxymetazo-
line) and nasal steroid spray (fluticasone furoate) 
but with strict instructions to cease the decon-
gestant spray after 5  days. The patient was 
counselled that antibiotics and oral corticoste-
roids could be considered if there was fever or 
severe facial pain; however, most cases of ARS 
will resolve without the need for oral antibiot-
ics. Reflux disease was treated with the use of a 
PPI for 4 weeks to see if the cough improves, 
and, if not, it was recommended to follow up 
with a gastroenterologist. The condition of vocal 
cord dysfunction was explained, and the patient 
was reassured that although the severe inability 
to breathe can cause a degree of anxiety, it is not 
a condition known to cause fatal attacks. 
Treatment of GERD, allergic rhinitis, and sinus-
itis improved symptoms and the patient was 
trained in VCD breathing exercises. The patient 
was advised to continue use of the intranasal 
corticosteroid if there were active allergic rhini-
tis symptoms, and allergen immunotherapy was 
discussed.

 VCD Breathing Exercises

 1. Remove yourself from the irritant if possible 
(such as cold air or smoke).

 2. If possible, sit down, and drop the shoulders 
(to try to encourage the patient to relax).

 3. Hold your hands to the diaphragm (making 
the patient focus on their breathing).

 4. Purse your lips and take three short sharp 
breaths in within a second: “sip-sip-sip” (this 
focuses breathing to the lips rather than the 
patient having pharyngeal tension, and short 
breaths are easier to move air through the 
adducted vocal cords).

 5. Exhale three times slowly through pursed lips: 
“blow-blow-blow.”
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 6. Repeat five to ten times and the spasm should 
reduce. Practice this method several times a 
day so it is automatic when needed.

 7. Other alternative methods include a panting 
form of breathing or simply trying to relax 
and breathe air in through the nasal airways.

 Discussion

The complexity and interrelationship of the nose, 
sinuses, pharynx, larynx, and reflux disease were 
reviewed in this case. A summary diagram 
(Fig. 9.1) illustrates these interrelationships. The 
patient experienced acute rhinosinusitis, which 
most likely occurred after a viral infection; allergic 
upper airway disease possibly further contributed 

to impaired sinus ventilation and drainage, resulting 
in bacterial colonization. Atopy appears to 
increase the risk of infection and the development 
of ARS [3, 4]. The use of decongestants and nasal 
lavages has been reported to be of benefit in 
reducing ARS symptoms, but not in all studies 
[2]. EPOS 2012 guidelines indicate that the use of 
intranasal corticosteroids is helpful in ARS and 
recommend reserving the use of antibiotics for 
patients with fever, pain, or invasive sinus disease. 
Vocal cord dysfunction can be difficult to differ-
entiate from asthma, and up to 40% of cases of 
VCD will have coexistent asthma. A history and 
response to VCD breathing exercises help to 
define the condition; however, if there are 
 persistent symptoms of dysphonia and laryngeal 
irritation, an otolaryngology examination is 

Nasal / sinus
disease

Acute Viral
Infection

Acute
Rhinosinusitis

Cough
Vocal cord
dysfunction

Post-nasal
drip

United
Airway 
Disease

Pharyngeal &
laryngeal

hypersensitivity

Gastroesophageal
Reflux

Allergic Rhinitis

Fig. 9.1 In case 1, the patient develops acute rhinosi-
nusitis on top of mild allergic rhinitis and gastroesopha-
geal reflux disease. Because of allergic airway disease, 
the patient already has more reactive airways to allergic 
stimuli from the upper airways to the bronchi. 
Inflammatory mediators present in the postnasal drip 
fluid contribute to cough and chemoreceptors in the 
pharynx and larynx. Both coughing and swallowed 
mucus increase GER and the acidity of the reflux lowers 

the activation threshold of the TRPV1 receptors to 
chemo-sensation in the larynx and pharynx. Coughing 
may activate mechanoreceptors in both the lower and 
upper airways. Obstruction of the upper airways from 
allergic rhinitis can reduce the warming, filtration, and 
humidifying functions of the nose, making the pharynx, 
larynx, and lower airways more vulnerable to exoge-
nous irritants. Solid lines are well-defined entities and 
dotted lines are speculative in this case
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required to exclude laryngeal pathology. Acidity 
from reflux lowers the activation threshold of 
cough receptors, and reflux has also been reported 
to possibly contribute to sinusitis as gastric by- 
products have been found in sinus lavage fluid [5].

Although it is often suspected by patients, 
there is no evidence to support that cow’s milk 
allergy is causing chronic rhinitis [6]. Caseins in 
cow’s milk protein are quite insoluble and might 
attach to pharyngeal mucus, increasing the sensa-
tion of the mucus, rather than being a cause of 
mucus secretion. Harvey and colleagues have 
reported that rhinitis patients who complain of 
postnasal drip actually are less sensitive to 
changes in viscosity than healthy controls, so 
sensitivity is likely due to other factors other than 
mucus thickening [7].

 Case Presentation 2

A 17-year-old female patient with a history of 
mild asthma and allergic rhinitis experienced a 
severe bout of viral bronchitis 5 weeks ago. She 
now has a persistent cough that is triggered spon-
taneously, but also by strong smells such as sol-
vents and perfume, cold air, and change in 
temperature. At 2 weeks into the illness, because 
of ongoing rhinitis, and a dry nonproductive 
cough, cultures were performed that revealed 
adenovirus on nasal aspirate. Her chest X-ray 
was normal, and serology for mycoplasma was 
negative. A full blood examination showed only 
mild lymphopenia consistent with a viral infec-
tion. She has not experienced fever since the first 
4  days of the illness. She was given a 5-day 
course of prednisolone in addition to the combi-
nation long-acting beta-agonist and inhaled corti-
costeroid spray she was taking. She does not have 
wheezing but experiences severe bouts of cough-
ing spasms which are causing her sleep distur-
bance and missed school because the frequent 
cough was considered disruptive in class. She is 
an elite swimmer and has not been able to return 
to the pool, as this environment also appears to 
aggravate her cough. The cough remains nonpro-
ductive and is easily triggered. The only relief 
that she has obtained is use of cough lozenges. 
She is also taking non-sedating antihistamines, 

cough syrups, acetaminophen, and nonsteroidal 
anti-inflammatory medications. She is a non-
smoker and is not on any other medications. 
There is a cat in her home, which does appear to 
aggravate her cough.

 Physical Examination

Physical exam reveals frequent staccato bursts of 
a dry cough with inspiration. Her nasal passages 
are pale, and the inferior and middle turbinates 
have pallor and edema. There is abundant nasal 
mucus. She has allergic-appearing conjunctiva 
and several small petechial hemorrhages on the 
bulbar conjunctiva. Her chest shape is normal, 
and there is good air movement without wheeze.

 Investigations

Spirometry was obtained with some difficulty 
because of the frequent coughing, which pre-
vented the patient from taking a deep breath. 
However, this test was normal and there was no 
significant change after a beta-agonist. Skin test-
ing was positive for strong wheat and flare 
responses to dust mite and cat.

 Impression

The patient has allergic rhinitis and also triggers 
suggestive of nonallergic, noninfectious rhinitis. 
She has post-viral bronchitis. She was culture 
positive for adenovirus, a known cause of bron-
chiolitis obliterans; however, there are noninfec-
tious causes of this condition. She appears to 
have a low threshold to cough from inhaled irri-
tants known as a “hair-trigger” cough. Her bouts 
of coughing appear to propagate coughing.

 Management

Coughing is likely to be causing mechanosensory 
cough trigger receptors in the lower airways. 
Due to viral induced inflammation and allergy 
the chemical receptors TRPA1 and TRPV1 on 
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sensory nerves are increased. Epithelial inflam-
mation is also going to increase the release of 
epithelial acetylcholine, which then lowers the 
threshold of activation of sensory nerves and sub-
mucosal mast cells. With sustained and strong 
stimuli of vagal sensory afferents from the lower 
airways, a phenomenon of brainstem sensory 
activation occurs where upper airway afferents 
can stimulate cough (a “hair-trigger” cough). 
Management is to exclude active infection, 
reduce airway inflammation, and reduce sensory 
neural activation. Allergen avoidance measures 
for dust mite and cat were discussed, and the use 
of a dual-agent nasal corticosteroid/antihistamine 
spray was initiated (fluticasone/azelastine). Her 
asthma controller therapy was continued. 
Montelukast 10 mg was added, and she was per-
mitted to continue cough medications. Her 
mother purchased a cough linctus that contained 
codeine, which the patient was advised not to 
take because of the associated risk of developing 
neuromuscular blocking drug anesthetic allergy 
[8]. A 5-day course of prednisolone 50 mg was 
given.

 Cough Suppression Exercises

 1. If the patient is able to catch their breath 
between coughs, breathe all the way out and 
bend forward to “squeeze” as much air as pos-
sible from the lungs.

 2. Instruct the patient to hold their breath out as 
long as possible.

 3. When ready to breathe in, instruct the patient 
to take a long slow breath ensuring that air is 
being inhaled through the nose.

 4. Then breathe out—this can be done via the 
mouth or nose.

 5. Continue to inspire through the nose.
 6. This exercise should only be done once every 

few hours.

Reevaluation after 1  week revealed that the 
patient has some improvement but there was still 
disruptive coughing and a feeling of ticking in 
her throat, causing an ongoing cough. Low-dose 
amitriptyline 25  mg was initiated at bedtime, 

which helped reduce her cough. Her sleep imme-
diately and her “hair-trigger” cough abated over 
2  weeks, allowing her to return to school and 
sporting activities. At 4 weeks both montelukast 
and amitriptyline were discontinued. She contin-
ued her asthma combination LABA/ICS and her 
nasal corticosteroid/antihistamine spray.

 Discussion

This case demonstrates four important factors: 
(1) the united airway disease with upper and 
lower airways being involved in allergic and 
inflammatory responses; (2) the threshold for 
activation of sensory nerves is reduced in the 
presence of inflammation, and this is recognized 
to occur to both allergic and nonallergic triggers, 
heightening neurogenic reflex responses; (3) the 
nose is critical to warm, filter, and humidify 
inspired air, and without this function the phar-
ynx, larynx, and lower airways are more reactive 
to chemical and physical irritants; and (4) neural 
hyper-receptivity occurs both peripherally and 
centrally, which may require specific medica-
tions to reduce nerve activation.

Montelukast has been reported to be useful in 
reducing post-viral cough in childhood [9]; 
however, a recent review in adults did not find an 
effect [10]. Montelukast does reduce eosinophil 
activation, and eosinophils are a potent source of 
nerve growth factor, which increase the expres-
sion of TRPV1. Corticosteroids reduce inflam-
matory responses, and induce apoptosis of 
inflammatory cells such as lymphocytes and 
eosinophils, but also have an effect in reducing 
epithelial acetylcholine production acting as a 
nerve stabilizer. A tricyclic antidepressant was 
utilized in this patient which appeared to be the 
final factor that helped resolve the cough. It can 
often take several weeks for these types of medi-
cations to resolve the central neural activation. 
This medication has peripheral and central nerve 
activation. The use of lozenges and cough sweets 
is interesting—menthol agonizes the TRPA1 
receptor but also has effects on the mu opioid and 
TRPM8 receptors. This possibly “distracts” the 
TRPA1 receptor’s response to more activating 
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compounds, as there is a period of reduced acti-
vation after agonist stimulation. Note that TRPA1 
activation has “U”-shaped kinetics, meaning 
there is not a linear response to agonists. Other 
common rhinitis and cough remedies have 
actions that are effected via sensory ion channels 
[11, 12]. Ginger and horseradish also agonize 
TRPA1. Allicin in garlic agonizes both the 
TRPA1 and TRPV1 receptors and citric acid 
(such as in lemon juice) has an agonist action on 
the TRPV1 receptor but it may also work on acid- 
sensing ion channels in the upper airways. There 
is little clinical trial evidence of these products in 
rhinitis-associated cough, but subjectively 
patients may feel better and they are low in cost 
with a very safe profile.

 Physiology of Cough

Afferent stimuli for cough can be provoked by 
mechanical and chemical stimuli that are detected 
mainly via the vagus nerve and travel to the soli-
tary nucleus of medulla oblongata in the brain-
stem. Projections radiate to the pre-Bötzinger 
complex and raphe nucleus, which are involved 
in the cough response. Cough pattern is also reg-
ulated by stimuli from the pontine respiratory 
group, lateral tegmental field, and deep cerebellar 
nuclei [13, 14]. The ability to consciously sup-
press cough indicates a degree of cortical control 
of the reflex; however, forced coughing does not 
seem to activate the aforementioned medullary 
centers [15].

The motor component of cough is a coordi-
nated contraction of the diaphragm (phrenic 
nerve) and external intercostal muscles (segmen-
tal intercostal nerves) that is synchronized from 
the nucleus retroambiguus, and the glottis (recur-
rent laryngeal nerve), which is directed from the 
nucleus ambiguus. These efferent effectors com-
bine to increase the pressure within the lower air-
ways. The vocal cords and glottis then relax and 
air is expelled at up to 160  km (100  miles) an 
hour, helping to clear irritants.

Most information on cough receptors has been 
obtained from animal models rather than from 
humans [15]. There is significant heterogeneity 

of afferent receptors, but in a broad classification 
mechanical and chemical types of receptors are 
recognized [15]. Within the mechanosensors, 
there are two types of low-threshold receptors: 
the slow-adapting receptors and rapid-adapting 
receptors that are activated by light touch, inspi-
ration, and bronchospasm. Slow-adapting recep-
tor activation can reduce cholinergic activation of 
bronchial smooth muscle, decreasing airway tone 
[16]. Generally, low-threshold receptors do not 
become activated with chemical stimuli unless 
there is mechanical distortion of the nerve termi-
nal (that might occur in processes that cause 
mucosal inflammation or injury), alteration in 
smooth muscle tone, or mucus production [17, 
18]. Mechanosensors are distributed throughout 
the lower airways, but vagal afferents, which 
influence cough, are also present in the pharynx, 
larynx, external auditory canal (the basis of the 
Arnold reflex where light touch of the external 
auditory canal can induce cough), paranasal 
sinuses, and cardiac and esophageal branches 
from the diaphragm [18]. The majority of mecha-
noreceptors signal via alpha-delta fibers; how-
ever, chemical stimuli can also signal via these 
types of nerves [19]. The above sensory centers, 
their stimuli, and motor response elements are 
summarized in Fig.  9.2. This figure introduces 
the effect of multiple stimuli causing cough 
hypersensitivity [20].

The majority of cough receptors in the air-
ways are chemoreceptors [21, 22]. The predomi-
nant chemosensitive receptor is the transient 
receptor potential vanilloid receptor (TRPV1), 
which is sensitive to acid, heat, capsaicin, and 
several other exogenous compounds [21]. TRPV1 
ion channels are predominantly expressed on 
unmyelinated C-fibers but also are expressed in 
alpha-delta fibers, and co-localize with neuro-
peptides such as substance P, calcitonin gene- 
related peptide, and nerve growth factor receptor 
[22]. Many endogenous mediators such as hista-
mine, bradykinin, and eicosanoids that are 
 produced with allergic and inflammatory airway 
disease lower the threshold for activation of 
TRPV1 to agonists [12, 13, 23]. It is also worth-
while to note that agonist signals can be cumula-
tive. Clinically we see this with acid reflux 
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disease—where the activation threshold of the 
TRPV1 to stimulant such as capsaicin or tem-
perature is reduced in the presence of gastric acid 
[24, 25].

There are several other types of sensory ion 
channels that populate airway sensory nerves 
including the transient receptor ankyrin one 
receptor (TRPA1) [24–28], the two pore domain 
potassium channels [29], acid-sensing ion chan-
nels [30, 31], and the ATP ligand-gated purinore-
ceptors [32, 33]. These receptors combine to 
provide an alert-and-response mechanism to 
exogenous and endogenous chemicals, and 
mechanical and thermal stimuli.

TRPV1 is increased in the airways of patients 
with chronic cough, which is reflected by 
increased sensitivity to capsaicin, and this sensi-
tivity decreases with resolution of cough [34, 35]. 
TRPA1 is also reported to be important in cough 
responses as many of the ligands that bind to it 
such as cold air and components of smoke (such 
as acrolein) agonize it to cause cough [36]. Both 
TRPV1 and TRPA1 receptors have increased 

expression on sensory nerves with inflammation, 
particularly as a result of nerve growth factor 
(NGF) [37–39]. The main source of NGF in 
humans is eosinophils, so allergic airway inflam-
mation can increase receptors involved in cough 
afferent signalling [40]. The neurotrophins 
released locally as a response to TRPV1 or 
TRPA1 ion activation can cause chemotaxis and 
activation of eosinophils, so an amplification 
loop can occur at this level [41]. TRPV1 expres-
sion also increases in the presence of tumor 
necrosis factor (TNF) [42]. Both TRPA1 and 
TRPV1 ion channels induce activation of the 
MUC5 gene, a major gene involved in the pro-
duction of mucus [43].

All epithelium, including that in the airways, 
engages innate and adaptive immune responses 
by damage- and pathogen-associated molecular 
pattern molecules (DAMPs, PAMPs) and alarm-
ins [44]. Pro-allergic mediators including IL-33, 
IL-25, and TSLP can engage pro-allergic 
responses [45]. TSLP directly appears to activate 
the TRPA1 receptor on sensory nerves providing 

Fig. 9.2 Cough sensors, brainstem, and higher center involved in cough and motor response elements. Adapted from 
[20]
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a rapid warning of threat in the presence of epi-
thelial inflammation [46]. Inflamed epithelium 
can be a source of TNF that can increase TRPV1 
expression and reduce the threshold for sensory 
nerve activation [42, 47].

It is often underappreciated that up to half of 
the acetylcholine (ACh) produced in the body is 
from non-epithelial sources [48]. The airway epi-
thelium secretes pico-liter concentrations at the 
basal aspect which helps to stimulate sensory 
nerves and, at low levels, ACh stabilizes submu-
cosal mast cells, making them more resistant to 
degranulation [49, 50]. With epithelial injury, the 
level of acetylcholine increases, both stimulating 
sensory nerves and lowering the threshold for 
activation and also lowering the activation thresh-
old for mast cells to allergic stimuli [49, 50]. 
Glucocorticoids reduce the release of acetylcho-
line from epithelial cells [51]. Acetylcholine can 
induce cough via activation of nicotinic receptors 
[52] and lowers the activation threshold for 
TRPV1 and TRPA1 [53]. Note that bothTRPV1 
and nicotinic ACh receptors are heavily co- 
expressed in vagal sensory neurons [53]. 
Acetylcholine is also produced by leukocytes and 
is involved in B and T lymphocyte, monocyte, 
and granulocyte function [54, 55].

A summary illustration of major sensory 
receptors involved in cough afferents is presented 
in Fig. 9.3.

 Cough Convergence

In addition to the increase in numbers of sensory 
receptors, and lowered threshold of activation 
with airway inflammation discussed above, cen-
tral sensitization has been described. With multi-
ple cough afferents converging to the brainstem 
and higher centers, there is ongoing activation of 
the brainstem and higher centers and it has been 
proposed that this causes a reduced threshold for 
activation of cough by stimuli that would not nor-
mally cause a cough [15, 16, 56, 57]. Under these 
conditions, otherwise innocuous upper airway 
stimuli such as cold air, singing, or laughing can 
induce a cough [58], a so-called hair-trigger 
cough. Higher centers are involved in suppres-

sion of cough, and there may be a lack of control 
of suppression of cough in some individuals with 
chronic cough [16, 20]. Another important study 
related to vagal stimuli and upper airway inflam-
mation found that esophageal acid stimuli 
increased nasal mucus production and nasal 
symptom scores [59]. This is important as acid 
can both activate cough by acid-sensing ion chan-
nels (ASIC) and TRPV1 stimulation as well as 
via central neurogenic mechanisms [31].

 United Airway Disease

A strong inflammatory relationship between the 
upper and lower airways was elegantly demon-
strated by Braunstahl and colleagues, who 
showed that allergen challenge in the nasal air-
ways increased cellular inflammation in both the 
upper and lower airways, and local bronchial 
challenge caused local and nasal inflammation, 
as well as increasing eosinophil activation in the 
peripheral blood [60–63]. The clinical impor-
tance of this association is that if there is upper 
airway inflammation, it is likely that the lower 
airways will also become inflamed and induce 
sensitization and activation of chemical and 
mechanical cough receptors via the above- 
described mechanisms.

 Cough in Disease

A triad of asthma, rhinitis, and gastroesophageal 
reflux should be thought about in patients with 
chronic cough; however, not all patients with 
these conditions alone or in combination will 
have cough [20]. The American College of Chest 
Physicians has excellent guidelines on the causes, 
investigation, and management of cough [64]. 
Causes of cough involving the lower airways and 
non-respiratory causes of cough require consid-
eration. Viral and bacterial infection of the 
 airways will induce inflammation and mechani-
cal receptor stimulation (more so in the lower air-
ways), and epithelial and leucocyte mediators 
result in activation of chemical receptors through-
out the airways to either cause cough or to reduce 
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the threshold for cough receptors in response to 
normal stimuli. Convergence of allergic airway 
disease requires consideration. The act of cough-
ing increases reflux, and reflux induces coughing. 
Hyperinflation of the airways in asthma increases 
reflux, and beta-agonists used in the treatment of 
asthma and cough also reduce lower esophageal 
sphincter tone and further increase reflux [65].

Both allergic and nonallergic rhinitides are 
associated with cough. Both conditions can coex-
ist as mixed rhinitis; therefore, not addressing a 
nonallergic rhinitis component can be a cause of 
“medical failure” in allergic rhinitis. Postnasal 
drip stimulates cough, but this is from laryngeal 
irritation rather than aspiration unless the patient 
is unconscious. Rhinosinusitis can be associated 
with cough, and in pediatric cases cough can be 
the major presenting symptom [2], along with 
rhinorrhea, nasal congestion, and postnasal drip 
[66]. In contrast, GERD can cause laryngeal 
reflux and an inflammatory bronchitis and 
laryngitis.

Other specific causes of rhinitis related to 
cough can include gustatory rhinitis, senile rhini-
tis, exercise, and medications. Cough and rhinitis 
can be a feature of systemic illness such as 
Wegener’s granulomatosis (other nasal symp-
toms include nosebleeds, crusting, sinusitis, and 

congestion) and may precede lung symptoms. 
Ciliary dysmotility may also present with cough. 
More detailed causes of rhinitis, their investiga-
tion, and management are detailed in other 
chapters.

 Management of Cough and Rhinitis

If the cough and rhinitis appear to worsen around 
irritants such as smoke or chemicals, reduce 
exposure where possible. Smokers should stop 
smoking and counselling for cessation should be 
provided. The upper airways have the physiologi-
cal role to warm, filter, and humidify the air for 
respiration [67]. If the upper airway is obstructed, 
this normal physiology is compromised and 
cough threshold to irritants becomes lower. In 
acute cough where rhinitis is predominant, the 
clinician should investigate for infection includ-
ing testing for respiratory viruses and pertussis. 
The American Academy of Chest Physicians 
indicates that subacute cough, in the absence of 
infection, should be managed like a chronic 
cough [64]. In patients with chronic cough, 
empiric first-line treatment of the common causes 
of cough such as asthma, gastroesophageal reflux 
disease (GERD) , and upper airway disease is 

Fig. 9.3 Schematic diagram of key mechanisms in acti-
vation of sensory neural receptors and sensory nerves 
involved in cough. Epithelial injury (usually from infec-
tive or inflammatory sources) results in the recruitment of 
inflammatory cells. Alarmins including acetylcholine acti-
vate inflammatory cells, and acetylcholine also primes 
and/or activates sensory nerves. Inflammatory mediators 
either activate TRPA1 or TRPV1 directly or lower their 

threshold for activation. Tissue swelling and process of 
coughing can activate mechanoreceptors. Not shown 
because of complexity of image: Acid reflux also lowers 
TRPV1 activation threshold. Neuromediators such as sub-
stance P and calcitonin gene-related peptide are released 
by axon reflexes, which contribute to cellular inflamma-
tion and reduced neuronal activation threshold
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appropriate, and these treatments can be additive. 
It is important to emphasize that treatment of 
GERD with antiacid treatments may still allow 
reflux of pepsin, a proteolytic enzyme that can 
irritate epithelium; therefore, a barrier reflux 
treatment may also be required. Progress should 
be reviewed and unsuccessful treatments discon-
tinued. In the treatment of the upper airways, 
larger volume sinus lavages (>150 mL) may help 
chronic rhinosinusitis [68]. As opioids work via 
the mu and kappa opioid receptors, codeine can 
also help reduce cough thresholds [69]. There has 
been a link between use of pholcodine and risk of 
subsequent neuromuscular blocking agents caus-
ing anaphylaxis, which has led to the discontinu-
ation of this medication for the treatment of 
cough [8]. Several compounds used in herbal and 
home remedies for rhinitis and cough influence 
neural sensitivity. Menthol is an agonist for the 
TRPA1 and can induce decreased signalling [70]. 
It also has effects on the kappa opioid receptor 
[71]. It is important to note that there is a bimodal 
effect on TRPA1 when stronger concentrations 
are used, which can cause irritation [72]. 
Capsaicin helps in the management of nonaller-
gic rhinitis via desensitization of overexpressed 
TRPV1 ion channels but has not been as effective 
for allergic rhinitis [73]. Garlic and honey have 
antibacterial effects [74]; however, an ingredient 
in garlic called allicin has agonist effects on both 
TRPV1 and TRPA1 ion channels [11]. The 
TRPV1 ion channel is heat sensitive, so use of 
antipyretics may help increase the cough thresh-
old in the febrile patient, but paradoxically non-
steroidal anti-inflammatory medications and 
aspirin can cause rhinitis and cough in some sus-
ceptible individuals.

In addition to targeting possible reflux and rhi-
nitis, medications and treatments specific to 
reducing neural sensitivity are important in the 
management of severe cough associated with rhi-
nitis. The tricyclic antidepressant amitriptyline at 
10 mg has been shown to be superior to codeine 
in a post-viral neural hypersensitivity cough [75]. 
Gabapentin also has demonstrated efficacy in 
chronic cough [76] by reducing cough frequency 
and severity and improving quality of life. Speech 

therapy may be helpful in teaching cough sup-
pression exercises [77].

 Summary

Cough associated with rhinitis often is associated 
with neural hypersensitivity and reduced thresh-
old of activation, but other disease processes such 
as GERD and asthma may also be involved. 
Treatment of only one condition can result in the 
failure of resolving the cough.
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Rhinitis and Structurally Related 
Problems

Pamela Tongchinsub and Tara F. Carr

 Case Presentation 1

A 40-year-old otherwise healthy male presents 
with a 3-year history of progressive left-sided 
nasal congestion. He reports difficulty breathing 
through the left nostril and associated headaches. 
He has been treated with intranasal corticoste-
roids, intranasal antihistamines, and sinus washes 
without symptomatic improvement. He denies 
right-sided nasal symptoms except for occasional 
clear rhinorrhea. Several years ago, he sustained 
an injury to his nasal bridge after being hit in the 
face with a football. He opted not to seek medical 
care for his injury and instead had a friend reset 
his nose. He denies itchy nose, watery eyes, or 
frequent sneezing.

On examination, there is misalignment 
between his nasal tip and nasal bridge. The nasal 
contour is crooked and shifted towards the left. 
Direct visualization with a nasal speculum 
reveals bilateral patent nares, but the left nasal 
cavity is noticeably smaller than the right. 
Mucous membranes are moist and turbinates are 
normal in color and size. No masses or polyps are 
seen. Further examination with rhinoscopy 

reveals a markedly deviated septum towards the 
left.

 Anatomic Abnormalities

Static anatomic abnormalities include nasal sep-
tal deviation, nasal septal perforation, turbinate 
hypertrophy, and atrophic rhinitis (Table  10.1). 
These disorders can be relatively easy to distin-
guish by history and physical examination. 
Treatment options range from conservative medi-
cal management to surgical correction. Choice of 
therapy will be driven by severity of the problem 
as well as the degree to which these disorders are 
causing clinical symptoms [1].

The nasal septum is a bony and cartilaginous 
wall that separates the nasal cavity into two nos-
trils. A normal nasal septum lies midline and 
gives rise to two symmetrical nares, but is sus-
ceptible to physical distortion due to its soft con-
nective tissue composition. A deviated septum is 
defined by a lateral displacement of the septum 
towards one side of the nasal cavity and is present 
in up to 62% of the population [2]. Mild septal 
deviation is common in the general population 
and is usually asymptomatic [3]. When severe, a 
deviated septum most commonly presents with 
nasal obstruction or congestion and progresses 
slowly over time. Obstruction is most often uni-
lateral, affecting the side towards which the sep-
tum is displaced, but may be bilateral if the 
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deviation is sigmoidal. Other symptoms may 
include snoring, difficulty breathing through the 
nose, and headaches. Septal deviation can worsen 
perception of symptoms from other causes of rhi-
nitis, including allergic and nonallergic rhinitis 
and predispose patients to chronic sinusitis.

Deviated septa are most commonly acquired 
from physical trauma or injury, including sports 
injuries and motor vehicle accidents. However, 
they can also occur as a congenital abnormality 
in 20% of otherwise normal neonates [4].

Septal deviation can be diagnosed by physical 
examination or imaging. Physical examination, 
including rhinoscopy, is recommended as the 
first-line method for diagnosis due to lack of risk, 
expense, and radiation. External examination of 
the nasal contour may reveal misalignment 
between the nasal tip and the nasal bridge. Direct 
visualization with anterior rhinoscopy, which 
allows for visualization and comparison of the 
inferior and middle turbinates, or nasal endos-
copy, which can better visualize the superior tur-
binates and posterior nasal structures, allows for 
comparison of asymmetry between bilateral 
structures. This will identify both the deviated 
septum and the laterality of deviation. Evaluation 
by cross-sectional imaging either with computed 
tomography (CT) scan or magnetic resonance 
imaging (MRI) can easily identify bony abnor-
malities, including nasal septum deformities. 
However, CT scan is generally not recommended 
as a first-line diagnostic procedure to evaluate for 
septal deviation as studies have shown that there 
is little correlation between septal deviation find-
ings on CT scan and clinical significance of nasal 
obstruction [5]. Asymptomatic or minimally 

symptomatic nasal septal deviation can contrib-
ute to intolerance of nasal corticosteroid sprays 
used to treat other causes of rhinitis. In this case, 
patients should be directed to aim the spray noz-
zle towards the ipsilateral ear to avoid septal irri-
tation. Symptomatic nasal septal deviation can be 
corrected surgically through a septoplasty. 
Patients may expect significant subjective 
improvement in nasal obstructive symptoms with 
this treatment [6, 7].

Nasal septal perforation may also contribute 
to rhinitis symptoms as a structural abnormality 
[8]. A nasal septum perforation is a patency 
within the septal wall that creates an unnatural 
passageway between the two nostrils. Perforations 
generally develop from external insults to the 
nasal septal cartilage. Various chemical, physical, 
and iatrogenic insults have been implicated in 
nasal septum perforations, most commonly as a 
complication of septoplasty. Other insults include 
intranasal cocaine use, exposure to industrial 
chemicals, piercings and foreign bodies, improper 
use of nasal sprays, trauma due to picking, rheu-
matologic diseases (e.g., granulomatosis with 
polyangiitis, systemic lupus erythematosus), 
infectious disease (e.g., tuberculosis, syphilis), 
and atrophic rhinitis [9].

With normal respiration, in the presence of 
septal perforation, there is significant airflow 
through the perforated septum, disrupting normal 
nasal airflow and causing turbulence. Septal per-
forations therefore commonly present with the 
sensations of nasal obstruction and/or conges-
tion. Turbulent airflow through the perforation 
can also cause chronic purulent discharge, exces-
sive drying and nasal crusting, recurrent epi-
staxis, and high-pitched whistling noises during 
breathing, especially if the perforation is small.

Diagnosis of septal perforation can be made 
on physical examination with direct visualization 
by a nasal speculum, rhinoscope, otoscope, or 
endoscope. The clinician may promptly identify 
the through-and-through hole in the nasal septum 
that allows for light passage to and visualization 
of structures within the contralateral nare. It is 
recommended to insert an illuminated otoscope 
into each nare and assess for light in the contra-
lateral nostril. In the absence of a known physical 

Table 10.1 Structural causes of rhinitis symptoms

Classification Common causes
Anatomic abnormalities Deviated nasal septum

Nasal septal perforation
Nasal turbinate 
hypertrophy
Atrophic rhinitis

Space-occupying 
lesions

Benign tumors
Malignant tumors
Granulomatous disease
Nasal polyposis
Adenoidal hypertrophy
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or chemical insult, workup for a systemic disor-
der should be considered, particularly if there is 
prominent crusting or progression of the size of 
the perforation.

Avoidance of contributing factors should be 
encouraged for all patients. Conservative man-
agement may be adequate to relieve patient 
symptoms but does not necessarily prevent pro-
gression of disease. Nasal saline washes and 
intranasal lubricants may help to reduce crusting, 
dryness, and rhinorrhea. Small perforations may 
heal spontaneously, particularly in the absence of 
ongoing septal irritation. For larger perforations 
that are symptomatic, surgical intervention may 
be required. The type of intervention will depend 
on location and size of the perforation. A septal 
button is a small device which may be utilized to 
treat perforations less than two centimeters in 
diameter, cover the perforation, and relieve asso-
ciated symptoms [10]. Surgical correction 
through cartilage or tissue flaps may be consid-
ered. Surgical failure is more likely in patients 
with inadequate blood supply to the perforation 
site and in the setting of tissue scarring.

The turbinates are a group of bilateral, sym-
metrical curvaceous bony structures that protrude 
from the lateral wall of the nose into the nasal 
cavity and are overlaid with mucosal tissue. They 
are responsible for maintaining optimal airflow, 
humidification, warming, and filtering of inhaled 
air [1]. Middle turbinate enlargement is com-
monly due to pneumatization of the bone, also 
known as a concha bullosa. The inferior turbi-
nates can enlarge due to hypertrophy of the soft 
tissue overlying the bony structures, or due to the 
developmental influence of other structural 
abnormalities such as deviated septum or concha 
bullosa [11]. Soft-tissue hypertrophy occurs most 
commonly secondary to chronic allergic rhinitis, 
although recurrent upper respiratory infections, 
vasomotor rhinitis, pregnancy or hormonal 
changes, and environmental irritants are also 
implicated.

Turbinate hypertrophy can cause physical 
obstruction of the nasal passage, resulting in a 
sense of nasal blockage and localized nasal or 
facial fullness. Patients may report worsening 
symptoms during sleep, as the inferior turbinates 

enlarge while supine due to normal neural 
reflexes. Diagnosis of inferior turbinate hypertro-
phy can be made by direct visualization with an 
otoscope/rhinoscope, but the middle turbinates 
are better visualized by endoscopy.

Medical management with intranasal cortico-
steroids and intranasal antihistamines is the first- 
line therapy for inferior turbinate hypertrophy, to 
reduce the mucosal hypertrophy and address 
underlying disorders. Surgical reduction of infe-
rior turbinate hypertrophy can address the under-
lying deformity, and is usually reserved for cases 
refractory to medical management [12, 13].

Atrophic rhinitis is a noninflammatory pro-
cess associated with the loss of normal secretory 
and humidifying functions of the nose that leads 
to progressive atrophy of the nasal mucosa [14, 
15]. Atrophic rhinitis is classified into primary 
and secondary forms. Primary (idiopathic) atro-
phic rhinitis is associated with Klebsiella ozae-
nae microbial colonization. This disorder is 
predominantly seen in young to middle-aged 
patients, particularly female adolescents, in 
developing countries with warm climates [16]. 
Primary atrophic rhinitis causes foul-smelling 
nasal discharge, halitosis, and abnormally 
enlarged nasal cavities. Other common signs and 
symptoms include nasal crusts, purulent dis-
charge, anosmia, and epistaxis. Nasal cavity 
examination shows shiny, thin, pale mucosa cov-
ered by thick, yellow-brown-green crusts with 
possible bloody or purulent discharge.

Secondary atrophic rhinitis is common in 
developed countries and is mainly seen in 
patients with an extensive history of sinonasal 
surgery, trauma, irradiation, or other inflamma-
tory conditions (e.g., granulomatous diseases) 
[17]. Secondary atrophic rhinitis primarily 
presents with nasal congestion, daily nasal 
crusting, and dryness. Other reported symp-
toms include episodic anosmia, persistent post-
nasal drip, and recurrent epistaxis. Some 
patients with associated underlying inflamma-
tory conditions may also have thick mucus dis-
charge in the initial stages of secondary 
atrophic rhinitis prior to the destruction and 
loss of mucus-secreting glandular cells that 
result in nasal dryness. Physical examination 
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reveals thin, erythematous mucosa. Compared 
with primary atrophic rhinitis, patients with 
secondary atrophic rhinitis have lesser degrees 
of nasal bleeding, dryness, and widening of the 
nasal cavity.

Diagnosis of atrophic rhinitis should be sus-
pected based on history but can be made with 
the combination of physical examination, imag-
ing, and when necessary biopsy [17]. 
Rhinoscopy or endoscopy may show reduced 
turbinates, crusting, and an enlarged nasopha-
ryngeal space. Computed tomography can 
reveal a combination of bony resorption, muco-
sal thickening and atrophy, enlargement of the 
nasal cavities with destruction of the lateral 
nasal walls, and hypoplasia of the sinuses [18]. 
If performed, nasal biopsy reveals a spectrum 
of histologic changes including damage to the 
pseudostratified epithelium, squamous meta-
plasia, and loss of goblet cells.

Currently, there are no studies that compare 
the long-term efficacy of various treatment 
modalities and management is primarily symp-
tomatic [19]. Most commonly recommended 
therapies include daily or twice-daily nasal 
saline irrigation followed by lubrication of nasal 
mucosa with water-based personal lubricants. 
Superimposed bacterial infections can be treated 
with systemic antibiotics (considering those 
with activity against Klebsiella ozaenae) and 
topical antibiotic creams or by adding antibiotics 
to the saline irrigation solution. Lastly, surgical 
debridement can be considered for cases refrac-
tory to medical management, although routine 
surgical intervention is not recommended as 
controlled trials have not yet been performed to 
assess their efficacy.

In the presented case 1, a deviated nasal sep-
tum was diagnosed by direct visualization of the 
structure. The patient had previously failed 
medical management, including treatment of 
underlying and contributing causes of rhinitis, 
so he elected surgical management. Endoscopic 
septoplasty surgically corrected the septum, 
restoring normal nasal function and thereby 
resolving the patient’s symptoms.

 Case Presentation 2

A 13-year-old previously healthy male presents 
to clinic with 6 months of bilateral persistent pro-
gressive nasal congestion. He has difficulty 
breathing through his nose, which is worse when 
he lies down. His mother reports that he began 
snoring loudly during sleep. He also reports a 
loss of sense of smell and mucoid nasal drainage. 
He has a history of occasional bloody noses that 
have become more frequent and occurs on both 
sides. His symptoms do not vary with pollen sea-
sons or environmental exposures and have wors-
ened despite medical management with intranasal 
corticosteroids and intranasal antihistamines.

On physical exam, he is noticeably mouth 
breathing. Nasal rhinoscopy shows patent nares 
with normal-sized, non-boggy turbinates. His nasal 
mucosa is moist and pink. There are no visible pol-
yps or papillomas. The septum is midline and there 
is no septal trauma or granuloma. Nasal endoscopy 
reveals a mass in the superior nasal cavity.

 Space-Occupying Lesions

Space-occupying lesions are important but rare 
structural causes of rhinitis symptoms (see 
Table  10.1). Tumors, polyps, granulomas, and 
adenoidal hypertrophy can be identified with 
visualization on endoscopy, rhinoscopy, or cross- 
sectional imaging. Biopsy is necessary to rule out 
malignancy in most cases, and surgical resection 
is usually necessary for symptom control.

Both benign and malignant tumors can 
develop in the nasopharyngeal cavity and parana-
sal sinuses. Common benign tumors include 
inverted papillomas, nasal cavity hemangiomas, 
and juvenile nasal angiofibromas. Primary malig-
nant nasal cavity tumors are rare and make up 1% 
of all malignant tumors and 3% of head and neck 
tumors [20]. The most common malignant tumor 
in the nasal cavity is squamous cell carcinoma. 
Other tumors include adenocarcinomas, adenoid 
cystic carcinomas, olfactory neuroblastomas, and 
melanomas [21].
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In general, nasal congestion and discharge are 
common in benign nasal airway tumors. 
Symptoms may be unilateral or bilateral. Inverted 
papillomas are found on the lateral wall of the 
nasal mucosa. Juvenile nasal angiofibromas are 
found in the nasopharynx and present with a triad 
of epistaxis, nasal obstruction, and nasal drainage 
[22, 23]. They are most commonly found in ado-
lescent males and make up 0.05% of head and 
neck tumors.

Unilateral nasal congestion with localized 
pain or bloody discharge is a sign of ominous 
pathology in the nasal, paranasal, or nasopharyn-
geal cavities. Evaluation for malignant nasal cav-
ity tumors is recommended for elderly patients 
who complain of unilateral epistaxis and nasal 
pain. Nasal cavity malignancies tend to cause 
visual changes, facial pain, and bleeding while 
paranasal sinus malignancies are associated with 
dental pain and epistaxis. Ear pain, neurological 
changes, and asymmetry of the neck or face may 
also be noted.

Direct visualization, often requiring endos-
copy, and imaging are used to identify the pres-
ence of nasal cavity masses, but biopsy is 
necessary to differentiate between benign and 
malignant tumors. Computed tomography or 
magnetic resonance imaging will define the 
parameters of the lesion, and assess the extent of 
bony erosion or involvement of the surrounding 
tissues. Management of nasal tumors will include 
a multidisciplinary team including surgical exci-
sion by otolaryngologists and, when malignant, 
management by medical and radiation 
oncologists.

A granuloma is a type of space-occupying 
granulation tissue that is formed typically after 
direct trauma or inflammation of the tissue, or 
related to neoplasm [24], and is generally pro-
gressive and destructive. Direct trauma can occur 
through foreign body or caustic substance expo-
sure. Inflammation that contributes to granuloma 
formation may result from acute or chronic infec-
tion with bacteria (mycobacterium, syphilis), 
fungus (histoplasmosis), parasite (leishmaniasis), 
or virus (Epstein-Barr virus). Vasculitides that 
affect the innate tissue structure include the anti- 
neutrophil cytoplasmic antibodies—associated 

vasculitides and sarcoidosis. The most common 
malignancy causing granuloma formation is nat-
ural killer cell/T-cell lymphoma, an extranodal 
lymphoma related to Epstein-Barr virus infec-
tion, and which causes midline granuloma 
disease.

Granuloma can present differently, depending 
on the underlying cause. Foreign bodies may 
present as purulent or foul-smelling nasal dis-
charge with a friable mucosa. NK cell lymphoma 
affecting the nasal cavity has a broad presenta-
tion but is rapidly progressive and can present 
with EBV positivity, signs of tissue necrosis, and 
angioinvasion. Granuloma can be progressively 
destructive of surrounding soft tissues and bony 
structures.

Direct visualization is the best method for 
visualization of nasal cavity granulomas. Tissue 
biopsy can confirm the presence of granuloma 
and evaluate for neoplasia. Testing for systemic 
diseases is warranted when clinically suspected 
and may include measurement of anti-neutrophil 
cytoplasmic antibodies, peripheral blood eosino-
phil counts, titers for Epstein-Barr virus, erythro-
cyte sedimentation rate, and C-reactive protein 
levels. Treatment of the granuloma will depend 
on the underlying cause and will include surgical 
and medical management. Nonsurgical treatment 
options of midline granulomas depend on the 
presence of systemic involvement. For NK cell 
lymphoma, treatment typically involves radiation 
and chemotherapy with consideration of mono-
clonal antibody therapy for refractory cases. For 
localized granulomas due to trauma or foreign 
bodies, topical or intralesional corticosteroids are 
considered first-line treatment options.

In contrast, nasal polyps are benign semitranslu-
cent edematous inflammatory growths of the nasal 
and paranasal mucosa and do not require biopsy for 
diagnosis. Polyps develop from the ethmoid and 
maxillary sinuses, and can be unilateral or bilateral. 
In adults, nasal polyps are frequently associated 
with anosmia, aspirin sensitivity, and asthma, but 
can occur independently [25]. Nasal polyps are 
uncommon in children but can be seen in those 
with cystic fibrosis. Although the pathogenesis of 
chronic rhinosinusitis with nasal polyposis is 
unclear, polyps  contain prominent lymphocytic 
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and/or eosinophilic cellular infiltration, leukotri-
enes, and mucin [26]. Polyps in children with cys-
tic fibrosis are typically associated with a 
neutrophilic cellular infiltration.

Chronic rhinosinusitis with nasal polyposis 
presents symptomatically with a triad of unilat-
eral or bilateral obstruction of nasal passages, 
anosmia, and rhinorrhea. Physical examination 
with rhinoscopy or endoscopy shows semitrans-
lucent, grapelike masses within the nasal cavity 
that may extend to the anterior nasal vault. Due to 
structural similarities, unilateral nasal polyps 
should be differentiated from inverted papillomas 
and occasionally malignant tumors. Adjunctive 
imaging with coronal computed tomography can 
be performed to determine the extent of disease 
and evaluate underlying concomitant sinusitis, 
particularly for patients who are symptomatic 
and considering surgical intervention.

Nasal polyps can be managed medically or 
surgically. Oral corticosteroids are the most 
effective known medical therapy for reducing 
large or obstructing polyps and intranasal corti-
costeroids are useful for reducing smaller polyps 
and indicated as a long-term therapy for nasal 
polyps. Other medical treatments include 
leukotriene- modifying agents including 
5- lipoxygenase inhibitors and leukotriene recep-
tor antagonists, but are less effective in treating 
nasal polyps compared to corticosteroids. 
Surgical removal of polyps is the treatment of 
choice for recurring nasal polyps that are not ade-
quately treated or controlled with medical man-
agement. However, recurrence rates may be as 
high as 60%.

Adenoidal hypertrophy may also contribute to 
rhinitis symptoms. The adenoid is a mass of lym-
phatic tissue that is situated above the uvula in 
the posterior wall of the nasopharynx, at the junc-
tion of the nose and throat. Adenoidal hypertro-
phy is caused by recurrent viral or bacterial 
infection that results in enlargement of this lym-
phoid tissue. While lymphoid tissue is typically 
only enlarged during acute active infection, ade-
noidal tissue can remain enlarged due to chronic 
infection or after recurrent infections. A common 
cause of chronic adenoidal infection causing ade-
noidal hypertrophy is the Epstein-Barr virus 
(EBV) [27, 28].

Adenoidal hypertrophy most commonly 
occurs in young children. These patients will 
present with bilateral nasal congestion associated 
with mouth breathing, hyponasal speech, and 
snoring. Symptoms may be more noticeable at 
night when sleeping or in supine position. If 
severe, patients may also exhibit abnormal sleep 
cycles due to nasopharyngeal obstruction causing 
sleep-disordered breathing and contributing to 
obstructive sleep apnea (OSA). In addition, 
enlarged adenoids can obstruct the torus tubarius 
(the nasopharyngeal opening of the auditory 
canal) resulting in recurrent otitis media.

The best method for evaluation of adenoid 
size is by direct visualization via endoscopy by 
an otolaryngologist. Endolateral neck radio-
graphs may also capture adenoidal hypertrophy, 
facilitating diagnosis, but imaging is not a recom-
mended first-line method for evaluation and diag-
nosis of adenoidal hypertrophy in order to 
minimize iatrogenic radiation exposure in small 
children. Adenoidectomy is the definitive treat-
ment of adenoidal hypertrophy. Occasionally, 
adenoid hypertrophy can recur postoperatively 
requiring repeat surgical intervention [29].

In case 2, due to the presence of a nasal mass, a 
biopsy of the lesion was performed, which con-
firmed histologically the presence of a juvenile 
nasal angiofibroma. The patient underwent a com-
plete surgical excision of the tumor. Postoperatively, 
he reported improvement in all of his symptoms 
including sense of smell and nasal congestion. 
Periodic endoscopic surveillance has thus far seen 
no evidence of tumor recurrence.

 Clinical Pearls and Pitfalls

• Structural abnormalities of the nose and para-
nasal sinuses can contribute to rhinitis symp-
toms and severity.

• In general, structural problems of the naso-
pharynx cause symptoms of unilateral or 
bilateral nasal obstruction or congestion.

• Patients should be assessed for structural 
abnormalities if symptoms suggest such, or if 
they fail to respond to usual treatments.

• Visualization of the nasopharynx via rhinos-
copy and/or endoscopy may easily identify 
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structural lesions. Cross-sectional imaging 
can identify the extent of disease.

• Biopsy of mass lesions is often necessary to 
rule out malignant or systemic disease.

• Surgical correction of anatomic abnormalities 
and space-occupying lesions may be required 
to restore structural functionality and reduce 
symptoms in patients.

References

 1. Neskey D, Eloy JA, Casiano RR. Nasal, septal, and 
turbinate anatomy and embryology. Otolaryngol Clin 
N Am. 2009;42(2):193–205. vii

 2. Lloyd GA.  CT of the paranasal sinuses: study of a 
control series in relation to endoscopic sinus surgery. 
J Laryngol Otol. 1990;104(6):477–81.

 3. Salihoglu M, Cekin E, Altundag A, Cesmeci 
E.  Examination versus subjective nasal obstruc-
tion in the evaluation of the nasal septal deviation. 
Rhinology. 2014;52(2):122–6.

 4. Harugop AS, Mudhol RS, Hajare PS, Nargund AI, 
Metgudmath VV, Chakrabarti S. Prevalence of nasal 
septal deviation in new-borns and its precipitating 
factors: a cross-sectional study. Indian J Otolaryngol 
Head Neck Surg. 2012;64(3):248–51.

 5. Ardeshirpour F, McCarn KE, McKinney AM, Odland 
RM, Yueh B, Hilger PA. Computed tomography scan 
does not correlate with patient experience of nasal 
obstruction. Laryngoscope. 2016;126(4):820–5.

 6. Corey CL, Most SP.  Treatment of nasal obstruction 
in the posttraumatic nose. Otolaryngol Clin N Am. 
2009;42(3):567–78.

 7. Gandomi B, Bayat A, Kazemei T.  Outcomes of 
septoplasty in young adults: the nasal obstruction 
septoplasty effectiveness study. Am J  Otolaryngol. 
2010;31(3):189–92.

 8. Wallace DV, Dykewicz MS, Bernstein DI, Blessing- 
Moore J, Cox L, Khan DA, et  al. The diagnosis 
and management of rhinitis: an updated practice 
parameter. J  Allergy Clin Immunol. 2008;122(2 
Suppl):S1–84.

 9. Lanier B, Kai G, Marple B, Wall GM. Pathophysiology 
and progression of nasal septal perforation. Ann 
Allergy Asthma Immunol. 2007;99(6):473–9. quiz 
80–1, 521

 10. Taylor RJ, Sherris DA.  Prosthetics for nasal per-
forations: a systematic review and meta-analysis. 
Otolaryngol Head Neck Surg. 2015;152(5):803–10.

 11. Tomblinson CM, Cheng MR, Lal D, Hoxworth 
JM.  The impact of middle turbinate concha bullosa 
on the severity of inferior turbinate hypertrophy in 
patients with a deviated nasal septum. AJNR Am 
J Neuroradiol. 2016;37(7):1324–30.

 12. Teichgraeber JF, Gruber RP, Tanna N. Surgical man-
agement of nasal airway obstruction. Clin Plast Surg. 
2016;43(1):41–6.

 13. Ye T, Zhou B.  Update on surgical management 
of adult inferior turbinate hypertrophy. Curr Opin 
Otolaryngol Head Neck Surg. 2015;23(1):29–33.

 14. Shah K, Guarderas J, Krishnaswamy G. Empty nose 
syndrome and atrophic rhinitis. Ann Allergy Asthma 
Immunol. 2016;117(3):217–20.

 15. deShazo RD, Stringer SP.  Atrophic rhinosinus-
itis: progress toward explanation of an unsolved 
medical mystery. Curr Opin Allergy Clin Immunol. 
2011;11(1):1–7.

 16. Bunnag C, Jareoncharsri P, Tansuriyawong P, 
Bhothisuwan W, Chantarakul N.  Characteristics of 
atrophic rhinitis in Thai patients at the Siriraj Hospital. 
Rhinology. 1999;37(3):125–30.

 17. Ly TH, deShazo RD, Olivier J, Stringer SP, Daley W, 
Stodard CM. Diagnostic criteria for atrophic rhinosi-
nusitis. Am J Med. 2009;122(8):747–53.

 18. Pace-Balzan A, Shankar L, Hawke M.  Computed 
tomographic findings in atrophic rhinitis. 
J Otolaryngol. 1991;20(6):428–32.

 19. Mishra A, Kawatra R, Gola M.  Interventions for 
atrophic rhinitis. Cochrane Database Syst Rev. 
2012;(2):CD008280.

 20. Osguthorpe JD.  Sinus neoplasia. Arch Otolaryngol 
Head Neck Surg. 1994;120(1):19–25.

 21. Turner JH, Reh DD.  Incidence and survival 
in patients with sinonasal cancer: a historical 
analysis of population- based data. Head Neck. 
2012;34(6):877–85.

 22. Makhasana JA, Kulkarni MA, Vaze S, Shroff 
AS.  Juvenile nasopharyngeal angiofibroma. J  Oral 
Maxillofac Pathol. 2016;20(2):330.

 23. Yi Z, Fang Z, Lin G, Lin C, Xiao W, Li Z, et  al. 
Nasopharyngeal angiofibroma: a concise classifica-
tion system and appropriate treatment options. Am 
J Otolaryngol. 2013;34(2):133–41.

 24. Laudien M.  Orphan diseases of the nose and para-
nasal sinuses: pathogenesis—clinic—therapy. 
GMS Curr Top Otorhinolaryngol Head Neck Surg. 
2015;14:Doc04.

 25. Peters AT, Spector S, Hsu J, Hamilos DL, Baroody 
FM, Chandra RK, et al. Diagnosis and management 
of rhinosinusitis: a practice parameter update. Ann 
Allergy Asthma Immunol. 2014;113(4):347–85.

 26. Stevens WW, Lee RJ, Schleimer RP, Cohen 
NA.  Chronic rhinosinusitis pathogenesis. J  Allergy 
Clin Immunol. 2015;136(6):1442–53.

 27. Al-Salam S, Dhaheri SA, Awwad A, Daoud S, 
Shams A, Ashari MA.  Prevalence of Epstein-
Barr virus in tonsils and adenoids of United Arab 
Emirates nationals. Int J  Pediatr Otorhinolaryngol. 
2011;75(9):1160–6.

 28. Mowry SE, Strocker AM, Chan J, Takehana C, 
Kalantar N, Bhuta S, et al. Immunohistochemical 
analysis and Epstein-Barr virus in the ton-
sils of transplant recipients and healthy con-
trols. Arch Otolaryngol Head Neck Surg. 
2008;134(9):936–9.

 29. Lesinskas E, Drigotas M. The incidence of adenoidal 
regrowth after adenoidectomy and its effect on per-
sistent nasal symptoms. Eur Arch Otorhinolaryngol. 
2009;266(4):469–73.

10 Rhinitis and Structurally Related Problems



115© Springer International Publishing AG, part of Springer Nature 2018 
J. A. Bernstein (ed.), Rhinitis and Related Upper Respiratory Conditions, 
https://doi.org/10.1007/978-3-319-75370-6_11

Cerebrospinal Fluid Rhinorrhea

Andrew C. Rorie and Jill A. Poole

 Case Presentation 1

A 26-year-old female presents during the month 
of April with complaints of rhinorrhea, nasal con-
gestion, postnasal drainage, sneezing, and nasal 
pruritus. She also indicates that she is 8  weeks 
pregnant with her first child. Her symptoms have 
been ongoing since childhood, but historically 
present only during the spring and fall and were 
relieved with cetirizine 10  mg daily. Over the 
past 8 months she has developed perennial symp-
toms of copious, watery rhinorrhea that seems to 
be predominantly left sided. She also notes post-
nasal drainage that is more apparent when she 
lies down to sleep. She has a medical history 
notable for cystic fibrosis with nasal polyposis 
and recurrent sinusitis that has required several 
endoscopic sinus surgeries with the most recent 
occurring when she was 25  years old. She has 
lived in a 70-year-old home without a basement 
for the past 8 years. She has an indoor cat, but has 
been around cats her entire life without increased 
clinical symptoms.

Physical examination reveals a normal exam 
of the eyes, ears, and throat. The inferior nasal 
turbinates are slightly enlarged and the mucosa 
appears slightly pale. There is no evidence of 

nasal polyposis but there is evidence of clear rhi-
norrhea. Skin prick testing demonstrated good 
positive and negative controls along with positive 
skin prick test reactions to a number of tree and 
weed pollens. All other aeroallergens tested were 
negative including molds, feather, cockroach, 
cat, mouse, and dust mites.

The patient is started on cetirizine 10 mg daily, 
budesonide two sprays each nostril daily, monte-
lukast 10 mg daily, and ipratropium 0.06% nasal, 
two sprays every 6 h for rhinorrhea. She returns 
for follow-up visit 4 weeks later and reports no 
improvement in the rhinorrhea and postnasal 
drainage despite taking medications as directed.

 Diagnosis/Assessment

The differential diagnosis of this patient with 
clear rhinorrhea is broad and includes, but is not 
limited to, gustatory rhinitis, seasonal allergic 
rhinitis, cerebrospinal fluid leak, rhinitis of preg-
nancy, and atrophic rhinitis. Patients with gusta-
tory rhinitis typically present with a primary 
symptom of clear rhinorrhea, as does the patient 
in the clinical vignette. However, in gustatory 
rhinitis the rhinorrhea is triggered shortly after 
eating, which is not described by this patient. 
Nearly any food has been reported to cause this 
phenomenon, but hot and spicy foods are the 
most common agitators [1]. Allergic rhinitis is 
likely the cause of her prior history of seasonal 
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rhinitis that has been present since her childhood. 
This is further supported by positive skin testing 
to tree and weed pollen. Skin testing, however, 
failed to demonstrate sensitization to a perennial 
allergen that would explain her new year-round 
symptoms. More importantly, allergic rhinitis 
does not present with a primary symptom of 
unilateral copious, watery rhinorrhea.

The most common cause of rhinitis in preg-
nancy is preexisting rhinitis; however, a minor-
ity of pregnant patients will develop vasomotor 
(or pregnancy) rhinitis. This is a result of hor-
mones associated with pregnancy, namely 
estrogen and progesterone, which have direct 
and indirect effects on nasal physiology [2]. 
Although this patient is pregnant, her symp-
toms began prior to her pregnancy. Pregnancy 
rhinitis typically does not occur until the sec-
ond trimester. Atrophic rhinitis commonly 
occurs in the elderly population or those who 
live in regions of the world with lengthy warm 
seasons. These patients have symptoms of nasal 
crusting and halitosis, which is not a complaint 
of this patient [3].

The best explanation for the rhinorrhea in this 
patient is a cerebrospinal fluid (CSF) leak. 
Although she does have a component of seasonal 
allergic rhinitis, this alone does not explain her 
primary complaints of predominately unilateral, 
perennial, copious rhinorrhea that is exacerbated 
when lying supine. These symptoms paired with 
her history of multiple endoscopic sinus surgeries 
should raise concern for the possibility of an 
iatrogenic CSF leak.

CSF rhinorrhea is a rare phenomenon that 
requires a high index of suspicion. Although this 
is an uncommon etiology of a common clinic 
presentation, rhinorrhea, it must not go undiag-
nosed as it could result in catastrophic infectious 
and neurological sequela. The differential diag-
nosis of rhinorrhea is broad; however, there are 
historical clues that should prompt one to con-
sider a CSF etiology. These patients will classi-
cally complain of unilateral rhinorrhea which is 
watery, clear, and salty in taste. The rhinorrhea 
typically occurs intermittently but can be con-
tinual. It may be described as copious or mini-
mal. Although there may be concomitant 

perennial or seasonal allergic rhinoconjunctivi-
tis, CSF rhinorrhea does not cause lacrimation, 
ocular pruritus, nasal pruritus, or sneezing. The 
rhinorrhea can be exacerbated by the Valsalva 
maneuver or bending forward and cause postna-
sal drip when lying supine. CSF rhinorrhea is not 
improved with oral antihistamines, intranasal 
corticosteroids or antihistamines, and anticho-
linergics [4].

Development of CSF rhinorrhea results from 
an anomalous communication between the 
subarachnoid space and the sinonasal tract. The 
etiology of CSF leaks can be divided into 
traumatic and nontraumatic origins. The most 
common is traumatic (approximately 90% of 
cases), which can be further subclassified as 
secondary to head trauma (74%) or iatrogenic 
from intracranial or otolaryngological surgery 
(15%) [5]. The majority of these patients will be 
symptomatic within 2  days of the trauma; 
however, in as many as 5%, the presentation may 
be delayed up to 3 months [6]. The initial delay in 
rhinorrhea may be related to local hemorrhage 
sealing the defect. The rare patients who have a 
delayed presentation which occurs months or 
even years past the initial trauma may occur due 
to atrophy of granulation tissue or perhaps bony 
fragments that erode the dura [7]. Due to this 
potential delay in symptoms, it is essential to take 
a thorough history of prior trauma or surgical 
procedures in order to generate a proper 
differential diagnosis.

Nontraumatic CSF leaks account for only 
10% of CSF rhinorrhea and without the obvious 
history of trauma or surgery it creates more of a 
challenge for making the correct diagnosis. 
Nontraumatic CSF leaks are subdivided into 
normal-pressure and high-pressure CSF leaks. 
Examples of high-pressures leaks include 
intracranial space-occupying lesions, 
hydrocephalus, and idiopathic intracranial 
hypertension (IIH). The causes of normal 
pressure CSF leaks may be due to infections, 
encephalocele, cholesteatoma, arachnoid 
granulations, and empty sella syndrome [4, 6]. 
Another type of CSF leak which is both 
nontraumatic and normal pressure is idiopathic 
or spontaneous.
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When a CSF leak is suspected, the first step 
should be confirming the presence of CSF 
followed by localization of the leak. The “ring 
sign” may be an initial clue into the possibility of 
a CSF leak particularly in a trauma patient. When 
CSF is mixed with blood it can leave behind the 
appearance of a ring or halo on white linens. 
However, the ring or halo sign can also be 
observed when other clear fluids are mixed with 
blood [8]. Thus, due to the poor specificity of the 
“ring sign” it should not be used for the diagnosis 
of a CSF leak.

There have historically been three primary 
options for analysis of the rhinorrhea fluid: 
assessing for the presence of glucose, beta-2 
transferrin, and beta-trace protein. Testing for 
glucose in rhinorrhea can be quickly analyzed by 
using a glucose strip because it is rapid and 
inexpensive. Unfortunately, this method has 
performed poorly in studies and is no longer 
recommended due to low sensitivity, specificity, 
and poor positive predictive value. The reported 
specificity has ranged from 0 to 45%, and 
sensitivity 80 to 100%, and positive predictive 
value is 0.57 [9, 10]. The poor specificity can be 
explained by several studies demonstrating the 
presence of glucose in the airway secretions of 
healthy volunteers, patients with acute viral 
rhinitis, mechanically ventilated patients, and 
subjects with hyperglycemia [11, 12].

The test of choice for confirming the presence 
of CSF is beta-2 transferrin which is a 
glycoprotein formed only in the CSF by 
neuraminidase [9, 13, 14]. In a study by Warnecke 
et al. [9], 205 patients with a suspected CSF leak 
were tested for beta-2 transferrin. They reported 
that 35 patients had positive testing and 34 of 
those were considered true positives, which was 
confirmed by radionucleotide cisternography or 
direct intraoperative visualization. In addition, 
they concluded that beta-2 transferrin has a 
sensitivity of 97%, specificity of 98%, positive 
predictive value of 97%, and a negative predictive 
value of 99%. Similar findings have been reported 
in other studies [15]. Rarely will patients have 
ample rhinorrhea to collect in the office, and 
therefore patients will be required to collect nasal 
secretions at home. Concerns about beta-2 

transferrin stability at varying storage conditions 
have been evaluated [16]. These studies 
demonstrated that there was no alteration in the 
accuracy of beta-2 transferrin detection between 
storing CSF samples for 1 week at room 
temperature and refrigeration [16]. Beta-2 
transferrin testing is a noninvasive diagnostic tool 
with high sensitivity and specificity that is also 
cost effective at approximately $37.90 [13], 
making it the test of choice for CSF rhinorrhea.

Another option that may be used more fre-
quently outside of the United States is beta- trace 
protein detection. Similar to beta-2 transferrin, 
beta-trace protein is also present in high concen-
trations in the CSF. The sensitivity and specificity 
of beta-trace protein for CSF rhinorrhea have 
been reported to range from 91–100% to 
86–100%, respectively [13, 17–21]. This protein 
is also detectable in the serum, but at significantly 
lower concentrations as compared to the 
CSF. However, due to its presence in the blood, 
wide application for the accuracy of this test has 
been raised. It was reported that renal insuffi-
ciency and bacterial meningitis significantly 
increased CSF levels of beta-trace protein, and 
therefore beta-trace protein should not be used in 
these specific clinical situations [22].

 Clinical Pearls and Pitfalls

• CSF leak diagnosis requires a thorough his-
tory and high index of suspicion.

• Common presentation is with copious, unilat-
eral rhinorrhea that may exhibit positional 
worsening.

• The test of choice for diagnosis is collection 
of nasal fluid for beta-2 transferrin.

 Case Presentation 2

A 78-year-old male veteran is seen by his pri-
mary care physician in June for altered mental 
status. The patient has a history of psoriasis, 
hypertension, and hyperlipidemia which are all 
well controlled. Several weeks prior he was 
involved in a motor vehicle accident where his 
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vehicle was struck from behind resulting in a 
whiplash injury. In addition, he struck his face on 
the steering wheel which caused bruising and 
pain but no lacerations or loss of consciousness. 
It was recommended that he go to the hospital 
after the accident for evaluation but he declined 
saying “I’ve been through a lot worse than this 
and lived to tell about it.” Over the next few days 
he continued to experience a dull achy pain and 
muscle spasms in his neck. Plain films of his 
cervical spine were ordered by his PCP which 
were normal. He was referred for physical 
therapy for the neck pain which had been helpful.

Approximately 10 days after the accident he 
began to notice an increase in rhinorrhea without 
sneezing, nasal pruritus, nasal congestion, or 
ocular symptoms. His physical exam revealed 
normal vital signs, and he was alert and oriented. 
There were additionally no abnormalities on 
examination of his eyes, ears, or throat, and 
cranial nerve function was intact. However, he 
had clear unilateral rhinorrhea from the left nares 
and mild bilateral periorbital ecchymosis. His 
doctor thought that he may have developed new 
environmental allergies and ordered serum- 
specific IgE testing to common aeroallergens in 
his geographical area. These tests in addition to 
complete environmental allergy skin prick tests 
performed by an allergy specialist were negative. 
He was diagnosed as having nonallergic rhinitis 
and started on fluticasone propionate.

The patient was brought in by his wife who 
indicates that he has not been acting like himself 
the past 24 h and may have a fever. She also says 
“he has always been tough as nails but on the 
drive over he was yelling with pain every time I 
hit the smallest bump. I just don’t know what’s 
got into him.” On physical exam his temperature 
is 103.6°, heart rate 126, respirations 22, and 
blood pressure 108/74. He is alert, but not 
oriented and toxic appearing. He is asked to lay 
supine on the exam table and when his neck is 
flexed there is also immediate flexion of his hips 
and knees and he yells “ouch.”

The patient is admitted to the intensive care 
unit for sepsis and empirically treated for 
bacterial meningitis. As expected the CSF 
cultures from his lumbar puncture collected at 

the time of admission have grown Streptococcus 
pneumoniae. An astute internal medicine resident 
notices that the patient continues to have 
unilateral rhinorrhea and questions the possibility 
of a CSF leak. The clear rhinorrhea fluid is 
collected and sent for beta-2 transferrin which 
comes back as positive (detected) and a high- 
resolution CT scan of the paranasal sinuses 
ordered to localize the leak.

 Diagnosis/Assessment

Once the CSF leak has been confirmed by the 
presence of beta-2 transferrin the next step is 
imaging studies for evaluation of leak localization. 
Numerous imaging studies are available such as 
high-resolution CT, contrast-enhanced CT 
cisternography, magnetic resonance imaging, 
radionuclide cisternography, and contrast- 
enhanced magnetic resonance cisternogram that 
can be utilized for specific clinical scenarios 
(Fig. 11.1). These latter studies have the potential 
to demonstrate visualization of active CSF leaks 
through dural disruption (Fig.  11.2). However, 
several of these modalities are more invasive due 
to the requirement of intrathecal injection of 
contrast media or radioactive tracers.

The initial imaging study most frequently rec-
ommended is high-resolution CT (see Fig. 11.1) 
of the paranasal sinuses and mastoids due to its 
high sensitivity [7, 15, 23–25]. In the setting of a 
positive beta-2 transferrin it has been reported 
that HRCT has a sensitivity of 88–95% [23–25]. 
One of the advantages of this imaging strategy is 
that there does not need to be an active CSF leak 
to identify a defect, unlike other imaging modali-
ties. Another advantage is that the HRCT pro-
vides the surgeon with exceptional visualization 
of the osseous sinonasal anatomy which is advan-
tageous for image-guided interventions. The dis-
advantage of this study arises when multiple 
areas of osseous defects are visualized as it can 
be challenging to determine which defect(s) is 
the source of the leak.

Contrast-enhanced CT cisternography is less 
frequently used in present day due to inferior 
sensitivity as compared to other modalities [15, 
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23, 25–31]. The low sensitivity of these studies is 
likely due to the fact that there must be an active 
CSF leak to visualize the pooling of contrast at 
the site of the defect [7]. This study is also more 
invasive as it requires an intrathecal iodinated 
contrast injection through a lumbar puncture. 
This study also results in a higher dose of radia-
tion due to multiple scans being required.

A strategy in patients with a slow or intermit-
tent leak that has not been successfully visualized 
by other imaging modalities may be a contrast-
enhanced magnetic resonance cisternogram 
(MRC) [7]. A potential benefit of MRC is the 
lack of ionizing radiation. The obvious concern 
about this technique is the intrathecal use of gad-
olinium that is administered via lumbar puncture. 
It should be noted that the intrathecal administra-
tion of gadolinium is not approved by the US 
Food and Drug Administration (FDA). This how-
ever has been used in select institutions world-
wide and has been reported to be safely used in 
low doses in patients with normal renal function 
[32, 33].

Radionuclide cisternography involves intra-
thecal injection of technetium-99 or indium-111 
via lumbar puncture. Pledgets (small cotton nasal 
tampons) are positioned throughout the nasal 
cavity for several hours and upon removal are 
measured for the radioactive tracer. The level of 
tracer in the pledgets is compared to baseline 
serum levels, and a positive study is considered 
when the ratio of pledgets to serum levels is 2:1 
or 3:1 [7]. However, this study would only be 
considered a confirmatory study for CSF leak 
because it rarely provides accurate information 
for leak localization, which limits its clinical 
utility.

Fig. 11.1 Algorithm for evaluation of CSF leak. β2 
Transferrin beta-2 transferrin; HRCT high-resolution 
computed tomography; CSF cerebrospinal fluid; CT 

cisternogram, computed tomography cisternogram; MR 
cisternogram magnetic resonance cisternogram. Adapted 
from [7], Copyright 2017, with permission from Elsevier

Fig. 11.2 Magnetic resonance cisternogram (MRC) 
demonstrating a cerebral spinal fluid (CSF) leak. MRC 
uses heavily T2-weighted images to delineate the contrast 
between cerebrospinal fluid and skull base. In this sagittal 
image there are multiple tracts (arrow) demonstrating a 
CSF leak along the cribriform plate [7]
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There are potential serious complications 
associated with CSF leaks including meningitis, 
brain abscesses, persistent neurological deficits, 
and death. These critical sequelae underscore the 
importance of diagnosing a CSF leak. It has been 
reported that an untreated CSF leak increases the 
risk of developing meningitis by 10% per year 
[23]. Historically there has been controversy in 
the use of prophylactic antibiotics in patients 
with CSF leaks. This has primarily been an issue 
with small sample-sized studies not reproducibly 
showing prophylactic antibiotics to be beneficial. 
A meta-analysis by Brodie and colleagues [34] 
challenged this potential treatment by reporting 
in six studies involving 324 patients that the 
incidence of meningitis was 2.5% in those treated 
with antibiotics compared to 10.3% in the 
untreated group (P = 0.006). Up to 30% of CSF 
leaks may spontaneously resolve during the 
initial 3 weeks but given the potential catastrophic 
complications these patients should be referred to 
neurosurgery or otolaryngology immediately [7].

 Clinical Pearls and Pitfalls

• The most common cause of a CSF leak is 
related to trauma.

• The development of CSF rhinorrhea may be 
delayed after the inciting traumatic event.

• If a CSF leak is not properly diagnosed it may 
result in serious complications such as 
meningitis.
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Rhinitis of the Elderly

Alan P. Baptist and Sharmilee M. Nyenhuis

 Case Presentation 1

J.J. is a 66-year-old woman who presents to an 
allergy/immunology specialist with complaints 
of nasal congestion, sneezing, and clear nasal 
drainage for the past 10 years. Over the past year 
her symptoms have gotten worse, which prompted 
her to make an appointment with an allergist. She 
has had two sinus infections this year that 
required one course of antibiotics and 5 missed 
days of work. Her symptoms are present all year 
round but are worse in the winter. Other triggers 
of her symptoms include exposure to strong 
odors, including cleaning products and air fresh-
eners. She has tried antihistamines (diphenhydr-
amine 25 mg and chlorpheniramine 4 mg) for her 
symptoms with some relief but rarely uses these 
as they cause drowsiness and dry mouth.

The patient’s past medical history includes 
hypertension and urinary incontinence for which 
she takes atenolol 25  mg daily and solifenacin 
5 mg daily, respectively. She denies any surgeries 

in the past. The patient lives in a house with her 
husband, who smokes five cigarettes per day in 
his car, and about 18 months ago she adopted her 
daughter’s dog, who lives inside their home. She 
states that she has trouble with dogs who have fur 
and are heavy shedders but has no trouble with 
her daughter’s dog, which has hair and is a non- 
shedder. There is carpet throughout the home, 
and there is ongoing construction of new homes 
around her and she feels that the increased dust 
often triggers her symptoms. The patient’s home 
has not had any recent flooding nor is there visi-
ble indoor mold. She works as a paralegal in a 
law firm but notices no difference in her symp-
toms at home versus work unless exposed to trig-
gers that cause symptoms which are more 
difficult for her to avoid.

On physical exam, pertinent positive findings 
were ocular conjunctival injection bilaterally, 
clear mucoid drainage in both nasal passages, 
pale and congested turbinates bilaterally, and 
cobblestoning of the posterior oropharynx indic-
ative of postnasal drainage.

Allergy skin prick testing (SPT) revealed 
an adequate histamine response and a 3  mm 
wheal/10  mm flare reaction to dog by SPT. 
Intracutaneous testing revealed a 4  mm 
wheal/12 mm flare reaction to both species of dust 
mites (Dermatophagoides pteronyssinus and 
Dermatophagoides farinae). All other aeroallergens 
tested were negative. Her creatinine was 0.9 mg/dL, 
and her glomerular filtration rate was 55 mL/min.
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Based on the clinical history, physical exam 
findings, and allergy testing, the patient was diag-
nosed with persistent mixed rhinitis based on her 
perennial allergic rhinitis symptoms triggered by 
dogs and dust mites and nonallergic (vasomotor) 
rhinitis symptoms triggered by odorants and 
chemical irritants. Allergen avoidance measures 
were reviewed with the patient in detail and she 
was started on a nasal corticosteroid spray (fluti-
casone one spray in each nostril twice a day) in 
conjunction with loratadine 10 mg daily.

 Diagnosis/Assessment

The approach to rhinitis in older adults must con-
sider the clinical symptoms of the patient, 
response to testing, and knowledge of the differ-
ent types of rhinitis commonly found in older 
adults. Rhinitis is categorized broadly into aller-
gic rhinitis and nonallergic rhinitis. While aller-
gic rhinitis is often thought of as a disease 
affecting only the young, it is becoming increas-
ingly common in older adults [1].

 Allergic Rhinitis
Although the peak incidence of allergic rhinitis 
(AR) is during adulthood, AR is prevalent among 
older people affecting approximately 5.4–10.7% 
of patients above 65 years old, as in the case pre-
sented above [2–4]. Allergic rhinitis is character-
ized by intermittent or persistent symptoms of 
nasal congestion, rhinorrhea, nasal/ocular pruri-
tus, sneezing, and postnasal drainage. The 
Allergic Rhinitis and Its Impact on Asthma 
(ARIA) Report defines “intermittent” symptoms 
that are present less than 4 days per weeks or less 
than 4 consecutive weeks [5]. “Persistent” symp-
toms are present more than 4 days per week and 
for more than 4 consecutive weeks [5]. These 
symptoms are a result of IgE-mediated allergic 
inflammation in the nasal mucosa triggered by 
various allergens. Triggering allergens may be 
seasonal or perennial. The seasonal allergens 
include pollen and mold, while perennial aller-
gens include dust mites, pet dander, and pests 
(cockroach, mice).

In addition to the nasal symptoms of AR, 
patients may also have generalized symptoms 
that include fatigue, mood changes, depression, 
anxiety, impairments of work, and cognitive 
function [6]. Many of these symptoms may 
also occur with aging, but it is important to rec-
ognize that these symptoms could also be 
related to moderate or severe AR or secondary 
to the therapies used to treat rhinitis. 
Furthermore, AR is associated with a dimin-
ished quality of life, although the impact that 
both the nasal and nonnasal symptoms have on 
the quality of life of older adults is still poorly 
elucidated [7].

A key component to diagnosing AR is 
objective evidence of allergen sensitivity. 
Allergy skin testing (prick and in some cases 
intracutaneous) or serum testing for specific 
IgE is used to assess allergen sensitization to 
environmental allergens. Allergen sensitiza-
tion, as well as total IgE, has been shown to 
diminish with age [8–10]. However, evaluating 
for allergen sensitivity remains important in 
older adults, as between 25 and 41% have evi-
dence of sensitization, as the patient did in this 
case [8, 10]. The clinical diagnosis of AR is 
confirmed by the onset of symptoms after 
exposure to the sensitizing allergen.

 Local Allergic Rhinitis
While this patient did have evidence of AR by 
skin testing, there have been recent reports of a 
subset of rhinitis patients with positive nasal 
provocation to allergens despite negative skin 
prick tests [11–13]. It has been hypothesized 
that these patients have local AR (LAR). Bozek 
and colleagues recently examined the preva-
lence of LAR in older adults (mean age 
65.8 years old) and found that LAR and AR are 
common in this population (21% and 40%, 
respectively) [14]. Dermatophagoides pteron-
yssinus was the main sensitizing aeroallergens 
in older adults with LAR and AR [14]. Further 
studies are needed to gain a better understand-
ing of the immunopathology, practical diag-
nostic tests, and management of LAR in older 
adults.
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 Nonallergic Rhinitis
Nonallergic rhinitis (NAR) is characterized by 
symptoms of nasal congestion, rhinorrhea, and 
postnasal drainage that are not the result of IgE- 
dependent events [15]. The diagnosis of NAR is 
based on clinical history and exclusion of other 
causes of rhinitis. The symptoms of NAR may 
be persistent, intermittent, seasonal (climatic), 
and/or elicited by recognized triggers. These 
triggers include but are not limited to cold air, 
changes in temperature or barometric pressure, 
strong odors, pollutants, chemicals, and exer-
cise. In the case presented, the patient did have 
worsening of symptoms with exposure to strong 
odors and chemicals.

As allergic sensitization decreases with age, 
it is often assumed that rhinitis in older adults is 
nonallergic [8]. Jessen examined the prevalence 
of NAR in adults and found a U-shaped rela-
tionship with age with the lowest prevalence 
occurring in middle-aged (50–60  years old) 
persons and an increase after age 60 [16]. Other 
studies have found little relationship between 
age and self-reported nonallergic symptoms 
[17, 18]. Overall, AR remains common in older 
adults but nonallergic causes of rhinitis appear 
to be more prevalent with age [19]. Further 
studies are necessary to determine the true 
prevalence in older adults.

 Mixed Rhinitis
Allergic and nonallergic rhinitides frequently 
coexist (at least 35%) as in this case. This con-
dition (NAR and AR) is called mixed rhinitis 
and has multiple triggers (e.g., pollens, change 
in weather, strong odors) [20]. The clinical pre-
sentation of mixed rhinitis can be variable and 
is characterized by intermittent or persistent 
rhinitis symptoms that are not fully explained 
by specific IgE sensitization and not completely 
responsive to medications designed to treat AR 
(Fig.  12.1). Despite the often similar clinical 
presentation, it is important to assess for the 
presence of both by trigger identification. 
Recognition of co- occurrence of these two 
common conditions will help clinicians provide 
the most effective and appropriate treatment 
and help impact the morbidity associated with 
both diseases.

 Atrophic Rhinitis
Atrophic rhinitis is a rhinitis subtype that is more 
prevalent in older adult populations [21]. This 
type of rhinitis is manifested by symptoms of 
congestion, nasal crusting, and fetor. Decreased 
blood flow to the nasal mucosa contributes to the 
local atrophy and leads to the enlargement of 
nasal space with paradoxical nasal congestion 
[21]. Atrophic rhinitis is often complicated by 
bacterial colonization and often actual infections, 
frequently with Klebsiella ozaenae [22].

 Management/Outcome

 Allergic Rhinitis
The main non-pharmacologic treatment option 
for AR is avoidance of offending allergens. In 
some cases, avoidance may reduce or eliminate 
the patient’s symptoms. Older adults may have 
difficulty implementing avoidance measures due 
to physical limitations of regular cleaning, finan-
cial constraints, or communal living situations. 
Older adults living in communal living situations 
such as nursing homes or assisted living may 
have little control to make changes in their envi-
ronmental surroundings.

Antihistamines, specifically second- 
generation H1-antagonists, are standard treat-
ment for mild AR. Their easy availability (over 
the counter) and in most cases low cost account 
for their high use. This class of medication can be 
effective for controlling ocular and nasal pruritus, 
rhinorrhea, and sneezing, but is less effective for 
improving nasal congestion [23]. First-generation 
H1-antagonists should be avoided in older adults 
when possible as they have adverse effects on the 
central nervous system and interact with other 
medications. Additionally, studies have shown 
that first-generation antihistamines can affect 
driving performance, disturb the normal sleep 
cycle, and impact cognition, which can further 
worsen conditions prevalent in the geriatric pop-
ulation [24, 25]. In contrast, second-generation 
H1-antagonists are generally safe in older adults 
with rhinitis, but dose adjustment must be made 
for patients with renal failure. In this case, as the 
creatinine clearance was >30  mL/min, no dose 
adjustment was made for loratadine.
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Intranasal antihistamines are an alternative to 
oral antihistamines. They are as effective as oral 
antihistamines but are more effective at reducing 
nasal congestion. The main adverse effects from 
intranasal antihistamines include bitter taste, 
sedation, headache, and application-site irrita-
tion. Azelastine, a topical antihistamine, has been 
found to be well tolerated in older adults with rhi-
nitis [26, 27].

Intranasal corticosteroids (INS) are the first- 
line therapy for moderate/severe persistent AR 
[23]. They are effective in reducing all rhinitis 
symptoms including nasal congestion, anterior 
and posterior rhinorrhea, and nasal pruritus. They 
are generally effective and well tolerated in older 
adults [28]. These agents have negligible sys-
temic corticosteroid absorption and the most 
common side effects include epistaxis, nasal dry-
ness, and mucosal crusting. Patients should be 
instructed on the proper use of nasal sprays spe-
cifically angling them away from the nasal sep-
tum and be monitored periodically to assess for 
these adverse effects.

Allergen immunotherapy (AIT) is the only 
treatment that can modify the natural course of 
AR during its initial stages. Subcutaneous IT 
(SCIT) can be considered an effective therapeutic 
option in otherwise healthy older adults with 

short disease duration whose symptoms cannot 
be adequately controlled by medications alone 
[29, 30]. Recent studies demonstrate the efficacy 
of sublingual IT (SLIT) in older adults [31]. 
Bozek and colleagues found that SLIT reduces 
symptoms, drug consumption, and progression of 
the disease in both young and older adults aller-
gic to house dust mites and grass pollen with per-
sistent AR and mild bronchial asthma [32, 33]. If 
the patient presented in this case does not respond 
well to second-generation antihistamines and 
intranasal corticosteroids alone or in combination 
with intranasal antihistamines, SCIT could be 
considered. An alternative would be SLIT for 
dust mites which was recently approved by the 
FDA.  Her current use of a beta-blocker would 
need to be taken into consideration, as beta- 
blockers can make systemic reactions to allergen 
immunotherapy more severe and difficult to treat. 
Therefore, a cautious attitude should be adopted 
toward starting AIT) in patients who require use 
of beta-blocker agents. In those circumstances 
where an alternative agent to a selective beta- 
blocker can’t be substituted and AIT is believed 
to be essential, the patient’s values and prefer-
ences should be considered in conjunction with 
the risks and benefits of treatment in the decision- 
making process [34].

Fig. 12.1 Type of 
rhinitis seen in the 
elderly
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 Nonallergic Rhinitis
Evidence-based guidance for the treatment of 
NAR in older adults is lacking. The treatment of 
NAR typically includes the use of intranasal cor-
ticosteroids (INCSs), intranasal antihistamines, 
intranasal anticholinergics, oral decongestants, 
and nasal lavage. Intranasal corticosteroids are 
recommended for the treatment of persistent 
NAR. They have shown to improve nasal conges-
tion compared to intranasal anticholinergics (i.e., 
ipratropium bromide) in a randomized controlled 
trial [35]. Oral second-generation antihistamines 
have little role in the treatment of NAR.  There 
has been no randomized controlled study which 
has examined the use of oral second-generation 
antihistamines alone in the treatment of NAR 
[35]. One study from 1982 used a first-generation 
antihistamine in combination with a deconges-
tant and found an improvement in NAR symp-
toms with this regimen [36]. While the 
first-generation antihistamines do carry some 
anticholinergic properties, which might improve 
anterior and posterior rhinorrhea, it is likely the 
decongestant was providing more benefit in 
relieving nasal congestion. Second-generation 
antihistamines exhibit little to no anticholinergic 
properties, which is why they have a decreased 
benefit in NAR.  However, if dosed properly at 
bedtime, first-generation antihistamines like 
chlorpheniramine maleate or diphenhydramine 
HCl can be used to control persistent postnasal 
drainage and are frequently well tolerated with-
out significant side effects.

The intranasal antihistamine, azelastine, has 
been shown to be effective in NAR due to the 
anti-inflammatory and neuroinflammatory block-
ade properties that it exhibits [37, 38]. A non- 
inferiority study found that olopatadine was as 
effective as azelastine in treating NAR but this 
compound is a more selective H1-antihistamine 
and its mechanistic effectiveness in NAR is less 
understood [39, 40]. Studies that have compared 
topical antihistamines (azelastine, olopatadine) 
to INCSs (fluticasone) have found no superiority 
of either drug in the treatment of NAR [41, 42]. 
Furthermore, when intranasal antihistamines and 
INCSs have been used concurrently, patients 

obtained greater symptomatic relief than with the 
use of either drug alone [43–45]. Although oral 
decongestants are effective in treating nasal con-
gestion, few studies have examined the use of 
oral decongestants for the treatment of NAR. 
Two randomized controlled studies using phenyl-
propanolamine found a decrease in nasal conges-
tion and rhinorrhea though this drug has since 
been removed from the market to risk of throm-
boembolic events [35]. No studies using pseudo-
ephedrine in NAR have been reported. Further, 
the use of oral decongestants in older adults 
should be used cautiously due to the side effects 
of increased heart rate, anxiety, insomnia, urinary 
retention, and dry mouth and avoided in patients 
with uncontrolled hypertension, coronary heart 
disease, cerebrovascular disease, and prostatism 
[46]. Recently, several studies have found that 
topical decongestants can be used for extended 
periods of time (longer than 3–5  days) without 
the development of rhinitis medicamentosa when 
used in conjunction with an INCS. This approach 
may be useful in controlling more difficult-to- 
control congestion especially in older patients 
with chronic rhinitis where oral decongestants 
should be avoided [47, 48].

Anticholinergics such as ipratropium bromide 
have demonstrated efficacy in reducing anterior 
rhinorrhea in several randomized controlled trials 
[35]. Despite its potent effect on rhinorrhea, it 
has little effect on nasal congestion. This class of 
medications is best used when the main rhinitis 
symptom is rhinorrhea as in gustatory or cold air- 
induced rhinitis. Finally, similar to AR, environ-
mental control measures should be taken to 
reduce irritant indoor triggers such as tobacco 
smoke and strong odors and to avoid being out-
doors during times of extremes in temperature, 
humidity, or high air pollution when possible.

 Mixed Rhinitis
Currently, no treatment is specifically approved 
by the US Food and Drug Administration (FDA) 
for the treatment of mixed rhinitis. The standard 
approach has been to treat patients with this con-
dition similarly to patients with allergic or 
 nonallergic rhinitis as was in the case presented 
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[23]. However, many times these patients have 
difficult- to-treat rhinitis and require more com-
plex treatment regiments including nasal irriga-
tion with saline and combination INCS and 
intranasal antihistamines.

 Atrophic Rhinitis
Treatment of primary and secondary atrophic rhi-
nitis involves reducing crusting and alleviating 
the foul odor by instituting a regimen of nasal 
hygiene, such as saline irrigation and crust 
debridement, and the use of topical and/or sys-
temic antibiotics when purulent secretions or an 
acute infection is present [49].

 Clinical Pearls and Pitfalls

• Allergic rhinitis is a prevalent condition in 
adulthood and may affect up to 10% of adults 
≥65 years old.

• Allergic rhinitis may be mixed with nonaller-
gic rhinitis in many cases (up to 50%).

• While there is a reduction in specific IgE and 
number of positive skin tests with age, it is 
important to do allergy testing in the evalua-
tion of rhinitis in older adults to assess for an 
allergic component. Although less common in 
older patients, sensitization to new allergens 
can occur over time.

• Selection of medications for rhinitis treatment 
should take into account that older adults may 
be more susceptible to adverse effects of some 
of these medications.

• Review current medications used to treat 
comorbid conditions at each clinical 
encounter.

• Consider writing out treatment plans as mem-
ory may be an issue in older adults.

• Environmental controls for patients with non-
allergic rhinitis should target irritant triggers 
such as tobacco smoke, strong odors, and 
extremes in temperature and humidity.

• Consideration of nasal lavage is important in 
older adults, especially those with atrophic 

rhinitis—a condition more common among 
older adults than younger age groups.

 Case Presentation 2

A 74-year-old woman presents to the clinic with a 
chief concern of “a nose that runs all of the time.” 
She has noted symptoms for most of her life, but it 
has significantly worsened over the past 5 years. 
She does state that cold air can exacerbate the 
symptoms, and that they will also somewhat 
worsen in the fall. Along with rhinorrhea, the 
patient feels that there is occasional associated 
nasal congestion and “perhaps” some nasal pruri-
tus, but has not noted sneezing paroxysms nor 
ocular symptoms. She has tried medications in the 
past, though cannot remember what those medica-
tions were and cannot remember if they were 
effective. When pressed, she mentions that she is 
using some “home remedies” now, but they don’t 
seem very effective. She does have a history of 
hypothyroidism, obesity, GERD, hypertension, 
and depression, for which she takes a beta-blocker, 
calcium channel blocker, proton pump inhibitor, 
thyroid replacement medication, and a tricyclic 
antidepressant. When asked about her social his-
tory, she notes that she has never smoked, rarely 
drinks alcohol, and lives with her 86-year-old hus-
band in a one-bedroom apartment with a cat.

 Epidemiology of Rhinitis 
in the Elderly

The true impact of rhinitis in the elderly has been 
difficult to fully ascertain, as older adults have 
historically been excluded from many large epi-
demiological studies on rhinitis. For example, 
both NHANES III and the European SAPALDIA 
study (which each had over 8000 participants) 
excluded anyone over the age of 60 when analyz-
ing rhinitis outcomes and prevalence [50]. 
Allergic rhinitis may decrease with age, as 
older literature has suggested a prevalence of 
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approximately 12% [51]. However, more recent 
literature suggests that this figure significantly 
underestimates the current rhinitis prevalence 
rate [1]. Results from the NHANES 2005–2006 
study found that the self-reported prevalence of 
rhinitis was approximately 32% among those 
between the ages of 54 and 89, which was no dif-
ferent than younger adult populations (Fig. 12.2) 
[52]. However, in that study adults aged 54–89 
had significantly lower rates of allergic sensitiza-
tion compared to younger age groups (though 
approximately 33% of older adults were positive 
for inhalant allergen sensitivity on skin testing). 
Overall, it appears that NAR increases with 
age, and the highest prevalence is seen in the 
elderly [53].

 Differential Diagnosis of Rhinitis

It is important, especially in the older adult, to 
examine for comorbidities that may cause or 
contribute to rhinitis. The differential is varied 
from granulomatous diseases such as Wegener’s 
granulomatosis and sarcoidosis to nasal polyp-
osis, hypothyroidism, cerebrospinal fluid leak, 
and malignancy (Table  12.1). Many medica-
tions that are widely used in older adults such 
as antihypertensives, psychotropics, alpha-
adrenergic antagonists, and phosphodiester-
ase-5 inhibitors can cause a drug-induced 
rhinitis (Table 12.2). As noted in the case above, 

the patient is on a number of medications that 
can contribute to rhinitis.

 Special Considerations in Older 
Adults

 Age-Related Nasal Changes
With normal aging, several changes occur in the 
nasal anatomy and physiology that may impact 
the presence and severity of rhinitis symptoms. 
Structural changes include loss of nasal tip sup-
port due to weakening of fibrous connective tis-
sue at the upper and lower lateral cartilages, 
along with collagen fiber atrophy, which also 
leads to a dropped nasal tip [54, 55]. Furthermore, 
fragmentation and weakening of septal cartilage 
and nasal columella retraction cause changes in 
the nasal cavity [56]. These changes may decrease 
nasal airflow and symptoms of nasal congestion 
often found in older adults.

In addition to structural changes in the nose, 
mucosal changes are found with normal aging. 
The mucosal epithelium becomes atrophic and 
dry. A decrease in mucosal blood flow has been 
found with increasing age [56]. The decreased 
blood flow can contribute to decreased humidifi-
cation of the nasal passages as the submucosal 
vessels are not able to warm and moisten the 
inspired air sufficiently [56]. The decreased 
humidification of the nose leads to dryness, crust-
ing, and irritation.

Fig. 12.2 Self-reported rhinitis and allergic sensitization among participants in the NHANES 2005–2006 study. Data 
from [46]
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There are also changes in the viscoelastic 
properties of nasal mucus that account for the 
excessively thick mucus in older adults [57]. 
Thick mucus mixed with impaired mucociliary 
function leads to the rhinitis symptoms of chronic 
postnasal drainage, nasal drainage, and cough 
[57]. Additionally, there is an increase in cholin-
ergic activity in the nose with age that causes an 
increase in postnasal drainage [58].

Aging is associated with decreases in olfac-
tion, with the greatest decline occurring usually 
after the seventh decade. Seiberling demonstrated 
that both the sense of smell and ability to distin-
guish two smells diminish with age [59]. 
Diminished olfaction is also commonly found in 
rhinitis patients. One study found that 71% of 
patients with dysosmia had evidence of allergic 
sensitization [60]. The dysosmia that occurs in 
allergic rhinitis is attributed to obstruction of the 
nasal passages, though Pinto demonstrated that 
inflammation of the olfactory cleft might be the 
cause [61].

 Immunosenescence and Rhinitis
Immunosenescence describes the change in the 
function of immune cells with aging. With nor-
mal aging, the thymus rapidly involutes, resulting 
in a decline in total T cells (CD3+) involving 
both CD4+ and CD8+ subsets. In addition, there 
is a decrease in naïve T cells and an increase in 
the production of memory T cells. Despite the 
increase in memory T cells, their responses and T 
cell proliferative responses to antigens and mito-
gens are diminished [62–64].

Finally, with aging, an increase in FOXP3+ 
CD4+ regulatory T cells exerting suppressive 
effects on T cell function along with a shift in 
cytokine pattern from T-helper type 1 (Th1) to 
Th2 also has been described [65, 66]. These 
changes in cytokine patterns may explain late- 
onset rhinitis and the decreases in T cell response 
may be associated with the increase in infections 
found in older adults

 Impact of Comorbidities
As people age, the number of medical condi-
tions and medications to manage these condi-
tions increases. In the United States, 40% of 

Table 12.1 Differential diagnosis for rhinitis in older 
adultsa

• Allergic rhinitis
  – Intermittent
  – Persistent
• Nonallergic rhinitis
  – Vasomotor rhinitis
  – Gustatory rhinitis
  – Infectious
  – NARES
• Occupational rhinitis
  – Caused by protein and chemical allergens, 

immunoglobulin E (IgE) mediated
  – Caused by chemical respiratory sensitizers, 

immune mechanism uncertain
  – Work-aggravated rhinitis
• Other rhinitis syndromes
  – Hormonally induced
  – Drug induced
  – Atrophic rhinitis
• Rhinitis associated with inflammatory- 
immunologic disorders
  – Granulomatous infections
  – Wegener’s granulomatosis
  – Sarcoidosis
  – Midline granuloma
  – Churg-Strauss
  – Relapsing polychondritis
  – Amyloidosis
• Cerebrospinal fluid leak
• Nasopharyngeal malignancy

aAdapted from data in Wallace DV, Dykewicz MS, 
Bernstein DI, et al. The diagnosis and management of rhi-
nitis, an updated practice parameter. J Allergy Clin 
Immunol 2008;122(Suppl):S1–84

Table 12.2 Medications that can cause or contribute to 
rhinitis

• ASA/NSAIDs
• Alpha-blockers (doxazosin, terazosin)
• ACE inhibitors
• Beta-blockers (carvedilol, labetalol, nadolol)
• Calcium channel blockers
• Diuretics
• Oxymetazoline
• Oral contraceptives
• Phosphodiesterase 5 inhibitors (sildenafil, tadalafil, 
vardenafil)
• Psychotropics (risperidone, chlorpromazine, 
amitriptyline)
• Phentolamine
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those above the age of 65 use five or more pre-
scription medications on a daily basis [67]. 
Patients with multiple chronic medical prob-
lems have several challenges including interac-
tions between  conditions, difficulties in 
determining which medical problem is primar-
ily active when the symptoms are similar, 
decreased compliance with multiple medica-
tions, and conflicting recommendations in self-
care management [68]. In the case above, the 
patient has five comorbidities and five addi-
tional medications, all of which need to be con-
sidered in order to provide optimal care.

Medication and self-management costs can 
increase exponentially in elderly patients with 
multiple comorbidities, and therefore certain 
conditions may receive suboptimal care due to a 
lower prioritization by the individual [69]. 
Previous research has demonstrated that physi-
cians also often ignore and underdiagnose rhini-
tis [70]. While rhinitis is typically not a 
life-threatening condition, it can significantly 
affect the quality of life [6], and is deserving of 
care among older adults.

A few specific comorbidities deserve special 
mention when considering rhinitis in the 
elderly. Depression has been associated with 
anosmia, rhinitis, and chronic sinonasal disease 
in a number of studies [71–74]. Theories for the 
association include sleep disturbance, inflam-
matory cytokine upregulation, and common 
etiologic pathogenic factors. Depression and 
depressive syndromes have an extremely high 
prevalence among the elderly population, with 
rates ranging from 15 to 35% [75, 76]. One 
study found that compared to placebo, treat-
ment of depression and/or anxiety with escital-
opram improved nasal symptoms [77]. It is also 
important to note that multiple psychiatric 
medications can cause nasal drying or rhinitis, 
and therefore knowledge of the side effects of 
drugs that each patient is taking (even when 
prescribed by another physician) is critically 
important.

A second common comorbidity among the 
elderly is gastroesophageal reflux disease 
(GERD). The prevalence of this condition is 
thought to increase with age [78], and among the 

elderly up to 22% of individuals have GERD 
[79]. A 10-year prospective cohort study found 
that those with nocturnal GERD were 60% more 
likely to develop rhinitis symptoms [80]. Another 
recent study that included subjects up to the age 
of 75 also found a link between GERD and rhini-
tis symptoms [81]. The exact underlying mecha-
nisms of the GERD-rhinitis association, and 
whether treatment of GERD will improve rhinitis 
symptoms in the elderly, deserve further 
investigation.

Sleep disturbances, and in particular obstruc-
tive sleep apnea (OSA), are also common in 
older adults. Similar to GERD, OSA symptoms 
increase with age. Among adults over the age of 
70, approximately 25% are thought to have OSA 
which is by far higher than any other age group 
[82]. Two recent studies evaluated the effects of 
AR treatment for OSA, and both found signifi-
cant improvements in OSA symptomatology 
[83, 84]. Underlying mechanisms of this 
improvement were thought to be related to 
improvements in nasal inflammation with a 
resultant decrease in nasal obstruction. Although 
the mean age of the participants in these studies 
was approximately 49 years, the results may also 
be applicable to older adults—though again fur-
ther studies are needed.

 Limited Income/Poverty
Among older adults, poverty is common. Data 
from the US Census Bureau found that approxi-
mately 10% of older adults lived below the pov-
erty line [85]. This number has been increasing 
over the past 10 years due to a variety of factors 
such as increased medical costs, loss of pension 
or retirement benefits, spending down assets to 
qualify for Medicaid and state-sponsored sup-
plemental insurance coverage, and economic 
recessions requiring spending of retirement sav-
ings [86]. Currently, multiple antihistamines 
and intranasal corticosteroids have moved from 
prescription to over-the-counter (OTC) status. 
One study examining this switch for antihista-
mines found a 65% decrease in medication utili-
zation [87], and similar decreases in utilization 
have been seen in other prescription-to-OTC 
medication changes. Studies have not been con-
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ducted to examine the impact of prescription-to-
OTC changes on rhinitis quality of life and 
symptom control associated with decreased uti-
lization. It is important for the physician caring 
for older adults with rhinitis to inquire about 
their ability to afford both prescription and OTC 
medications, and to offer prescription assistance 
programs or a social work referral when 
appropriate.

 Complementary and Alternative 
Medicine for Rhinitis Among  
the Elderly
Complementary and alternative medicine 
(CAM) is defined as a group of diverse medical 
and healthcare systems, practices, and products 
that are not generally considered part of the con-
ventional allopathic medical practices. Patients 
often use CAM therapy because of low cost, 
concerns of medication side effects, belief that 
adverse effects are not encountered with CAM 
therapy, and effectiveness (though such claims 
are often not based on clinical trials) [88]. 
Examples of CAM used for allergic disease 
include herbal therapies, traditional Chinese 
medicine, acupuncture, nasal powders, and 
others.

Overall CAM use has been increasing 
steadily, and 40% of the US population has 
used some form of CAM therapy [89]. 
Similarly, high levels of CAM use for rhinitis 
have also been seen in both children and adults 
[90, 91]. Older adults are often more likely 
than younger adults to use CAM therapy [92], 
though this has not been examined specifically 
for rhinitis therapy. Additionally, older adults 
with atopic conditions such as asthma rarely 
tell their physician about CAM use and physi-
cians typically do not ask [93]. Although CAM 
use is typically thought to be safe by patients, 
adverse event monitoring is typically poor, and 
interactions with allopathic medications can 
occur. It is therefore important for the physi-
cian caring for the older adult with rhinitis to 
assess CAM utilization, and to work with the 
patient on a strategy that is both patient cen-
tered and effective.

 Dementia, Memory Loss, 
and Medication Compliance  
in Older Adults
One cornerstone in the management of a chronic 
disease such as AR is compliance with a daily 
medical regimen. Unfortunately, memory loss 
due to conditions such as dementia and neurovas-
cular complications can make such a task diffi-
cult. Dementia and/or memory loss are common 
among older adults. For adults over the age of 60, 
approximately 13% note some degree of memory 
loss [94]; among those over 85, the rate of demen-
tia is a staggering 37% [95]. Additionally, the 
number of people in the United States with 
Alzheimer’s dementia is expected to increase 
dramatically over the next 30 years as the popula-
tion ages [96].

Although the different methods of screening 
an older adult for memory loss and dementia are 
beyond the scope of this chapter, once such a 
patient is identified there are steps the physician 
can do to help maximize medication compliance. 
These steps include prescribing as few medicines 
as possible, tailoring dose regimens to personal 
habits, and coordinating all drug dosing sched-
ules as feasible [97]. The healthcare provider 
must assess the patient’s level of self-efficacy and 
particular living situation when searching for the 
optimal medication adherence strategy and at 
times may need to enlist a family member or 
other individual to accommodate medication 
delivery. Along with memory loss, other factors 
can affect compliance. Poor coordination, hand 
weakness, and arthritis may influence the ability 
to use nasal sprays or open medicine bottles or 
pill boxes. Healthcare providers should review 
the use of nasal sprays at each visit to ensure 
proper use.

 Clinical Pearls and Pitfalls

• Rhinitis symptoms are common affecting 
approximately 32% of older adults.

• Nonallergic (including gustatory) and atro-
phic rhinitides are more common among older 
adults than younger populations. Determining 
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the rhinitis subtype can help to provide the 
most appropriate therapy.

• Age-related nasal changes and immunosenes-
cence contribute to atrophic rhinitis.

• Comorbidities can affect the presentation of 
rhinitis, cause medication interactions, and 
impact compliance. The provider needs to be 
aware of each comorbidity, and how it may 
affect rhinitis management.

• Poverty is common among older adults, and 
can affect the ability of patients to afford and 
adhere to therapeutic recommendations.

• Older adults are more likely to use comple-
mentary and alternative medication, and rarely 
provide this information to their physician nor 
does the physician routinely inquire about 
CAM use.

• Dementia and memory loss are see in 13% of 
patients above age 60 which affects the ability 
of a patient to manage a chronic disease like 
rhinitis. Screening for memory loss may be 
appropriate.

• Medication side effects are far more common 
in older adults. The provider should be aware 
of adverse drug effects for each medication a 
patient is taking and prescribe the fewest num-
ber to maximize clinical outcomes while min-
imizing side effects.
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Sino-Nasal Sarcoidosis

Robert P. Baughman, Allen Seiden, 
and Elyse E. Lower

 Case Presentation 1

DW was a 41-year-old black female when she 
developed eye pain and was found to have ante-
rior uveitis. As part of her evaluation, she had a 
chest X-ray which demonstrated bilateral hilar 
adenopathy and diffuse lung filtrates. She was 
diagnosed as having sarcoidosis on clinical 
grounds. She was not dyspneic and denied cough. 
Her iritis was treated with topical steroids and 
within 6  months she was tapered off steroid 
drops.

She then started having recurrent sinus symp-
toms. Initially this was felt to be allergic rhinitis 
and she was treated with intranasal steroids. 
Three years later, she developed severe pain 
behind and below her right eye. She underwent 
an MRI and was found to have complete opacifi-
cation of her right maxillary sinus (Fig. 13.1a, b). 
She was seen by an ophthalmologist, who diag-
nosed her as having dacrocystitis, with compres-
sion of her nasolacrimal duct. She first had 
surgical intervention to clear her ethmoid and 

maxillary sinuses. Pathologic examination of the 
surgical specimen revealed non-caseating granu-
lomas. After recovery, a nasolacrimal stent was 
placed by her ophthalmologist. Confirmation of 
placement of the stent beyond the inflammation 
was made by the otolaryngologist in the operat-
ing room.

Postoperatively the patient was placed on 
prednisone 40 mg a day. Over the next 6 months, 
attempts to reduce the dose below 20 mg a day 
led to recurrence of pain and bleeding from her 
sinuses. She was started on methotrexate and 
after 6 months she was able to reduce her predni-
sone to 10 mg a day.

Two years later, she began having recurrent 
sinus infections. These usually responded to anti-
biotics and prolonged courses of high-dose pred-
nisone. She developed macular papular lesions 
on her cheeks and nasal alae. She also had new 
papular lesions on her arms. A biopsy of one of 
the arm lesions again found granulomas consis-
tent with sarcoidosis.

She was felt to have refractory sarcoidosis 
with sinus disease and lupus pernio. The antitu-
mor necrosis factor (TNF) antibody infliximab 
was initiated. The patient received 5 mg/kg ini-
tially, then 2 weeks later, and then once a month. 
She has done well on the combination of inflix-
imab, methotrexate, and low-dose prednisone. 
She has been maintained on 5 mg-a-day predni-
sone and has not required increased prednisone 
for more than a year.
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 Case Presentation 2

MC is a black female who at the age of 39 was 
complaining of sinus congestion and a sore on 
the roof of her mouth. She was referred to an 
otolaryngologist because of refractory sinus dis-
ease. He noted on exam that her hard palate was 
perforated. She denied cocaine or other drug use. 
A sinus biopsy found non-caseating granulomas. 
Her antineutrophil cytoplasmic antibody 
(ANCA) test was repeatedly negative. She was 
referred to our sarcoidosis clinic. On exam, she 
was noted to have extensive purplish, raised 
lesions of the entire nose. She also had lesions 
on both cheeks and was diagnosed as having 
lupus pernio. Her chest X-ray demonstrated 
upper lobe fibrosis consistent with Scadding 
stage 4 sarcoidosis. She was initially treated with 
prednisone and methotrexate with only modest 
response.

Because of insurance issues, she was not seen 
for 3 years. She was referred back to clinic 
because of respiratory distress. She had been 
taken off her methotrexate for unclear reasons 
and was on only 5  mg-a-day prednisone when 
she had developed acute stridor. She was found to 
have recurrence of pan sinusitis (Fig.  13.2a) as 
well as laryngeal infiltration and upper airway 
narrowing (Fig. 13.2b) by what proved to be her 

sarcoidosis. She was only marginally better on 
40 mg prednisone.

She was then started on adalimumab since her 
insurance would not cover infliximab. After 
3 months, she started improving and eventually 
she was weaned to 10 mg-a-day prednisone and 
maintained on adalimumab 40 mg weekly.

After 2 years, she developed left hip and upper 
leg pain. On MRI, she was found to have an infil-
trative lesion. A percutaneous needle aspirate of 
the bone lesion was consistent with a low-grade 
liposarcoma. She had surgical resection of the 
lesion. Because of concerns about potential carci-
nogenicity of adalimumab, the drug was 
discontinued.

Over the next 2 years, she has had no evidence 
of recurrence of her tumor. However, her sinus 
disease and facial lesions returned within 
3 months of stopping the adalimumab. She was 
initially controlled with prednisone alone. 
However, as she gained more weight with the 
prednisone, she asked for another steroid-sparing 
regimen. She was begun on repository corticotro-
phin injection (RCI) 40 units twice. For the past 
year, she has been maintained on RCI alone, that 
with no oral prednisone.

Comments on two cases: Both of these cases 
had sinus disease and lupus pernio. This skin 
lesion is highly specific for sarcoidosis. It is also 

Fig. 13.1 MRI imaging demonstrating right ethmoid opacification (arrow). (a) Sagittal view. (b) Axial plane
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commonly associated with sinus sarcoidosis. In 
some series of lupus pernio, around half of the 
patients had symptomatic sarcoidosis of the sinus 
[1, 2]. Dacrocystis is another condition associ-
ated with sinus sarcoidosis. In sarcoidosis 
patients with dacrocystitis, stenting alone is 
unlikely to work. That is because there is a high 
risk for granulomatous reaction to the stent. In 
case one, immunosuppressive therapy was able to 
control the disease. Both of these cases had 
refractory disease requiring third-line therapy. 
Anti-TNF antibodies can be quite effective in 
chronic conditions, including lupus pernio [3]. 
Unfortunately, the second case developed a lipo-
sarcoma while receiving were adalimumab. The 
patient is currently stable on another third-line 
treatment, RCI.

 General Discussion

Sino-nasal sarcoidosis is one of the many mani-
festations of sarcoidosis of the upper respira-
tory tract (SURT) [4, 5]. Nasal and sino-nasal 
disease is the most common manifestation of 
SURT, but the larynx, oral cavity, and tongue 
can also be affected [5, 6]. Sinus symptoms are 
common in sarcoidosis patients. In one pro-
spective study, nearly 40% of patients com-
plained of nasal symptoms that had lasted for 
more than 3  weeks [7]. Half of these patients 

continued to have symptoms despite nasal ste-
roids and short-course antibiotic therapy. 
However, biopsy confirmation of sino-nasal 
sarcoidosis was made in only 4% of all patients 
in the study.

 Etiology and Epidemiology 
of Sarcoidosis

Sarcoidosis is a granulomatous disease of 
unknown etiology [8]. The defining feature of 
sarcoidosis is the granuloma. One proposed 
model of sarcoidosis is exposure to an antigen, 
usually through inhalation [9]. This antigen acti-
vates several cells including macrophages and 
dendritic cells through the Toll-like receptor-2 
(TLR-2). The dendritic cell transports the antigen 
across the epithelium to the lymph node, where it 
is processed with differentiation and clonal 
expression of T helper cells (Th1 and Th17). The 
antigen also stimulates macrophages to release 
tumor necrosis factor (TNF). TNF crosses the 
epithelial layer where it activates tissue macro-
phages and natural killer (NK) cells. Stimulated 
NK cells release interferon gamma (IFN-γ) 
which upregulates the tissue macrophages. The 
activated macrophages and clonal Th1/Th17 cells 
form the core of the granuloma. Other cells in the 
granuloma include T regulatory cells (Treg) and 
B cells (B cells). Key cytokines involved in the 

Fig. 13.2 CT scan coronal plane of sarcoidosis patient. (a) Sinus disease and retention cyst. (b) Upper airway narrow-
ing (arrow)
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granuloma formation include MCP-1, CCL20, 
and CXCL10.

For most sarcoidosis patients, the granu-
loma resolves over the first few years. However, 
persistence of granulomas leads to chronic dis-
ease. Several features have been associated 
with persistent granulomas. The most impor-
tant may be the upregulation of Th17.1 cells 
[10, 11], programmed death cells (PD-1) [12], 
and Treg cells [13]. Certain cytokines have 
been associated with chronic disease, includ-
ing CXCL9 [14] and interleukin 8 (IL-8) [15, 
16]. Persistent production of TNF by alveolar 
macrophages has also been found in patients 
with chronic sarcoidosis [17]. These observa-
tions have led to treatment strategies focused 
on these potential targets.

The antigen which stimulates the inflamma-
tory response of sarcoidosis remains unknown. 
Several potential ligands for TL2-R have been 
studied. Antibodies for mycobacterial proteins 
mKatG [18], ESAT-6 [19], and M. tuberculosis 
heat-shock proteins (Mtb-hsp) [20] have been 
reported in a significant number of sarcoidosis 
patients, mostly from North America. However, 
no studies to date have been able to identify 
mycobacteria that are causing the antibody reac-
tion. Studies from Japan and China have found 
evidence for propionibacterium including P. 
acnes in over half of the cases they studied [21, 
22]. Inhaled particles have also been reported to 
cause a sarcoidosis-like reaction. Some first 
responders to the World Trade Center attack 
developed a sarcoidosis-like reaction, including 
multi-organ disease [23]. These observations 
support the hypothesis that sarcoidosis is due to 
multiple antigens. What makes sarcoidosis sar-
coidosis is the reaction to the antigen(s) 
(Fig. 13.3).

Sarcoidosis is a worldwide disease. 
Table 13.1 summarizes the estimated incidence 
and prevalence of sarcoidosis for some coun-
tries across the world [24–26]. In the United 
Sates, several studies have noted that the disease 
is more frequent in African-American women 
[25, 27, 28]. Figure 13.4 demonstrates the prev-
alence rate per 100,000 population for African-
American and Caucasian women and men in 

one recent study of over thirty-two million 
Americans [25]. In this study, sarcoidosis was 
more frequently observed in women than men 
for all races studied, including Asian and 
Hispanics.

 Clinical Presentation and Diagnosis 
of Sino-Nasal Sarcoidosis

Nasal congestion is the most common feature in 
patients with sino-nasal sarcoidosis [5, 29, 30]. 
In a prospective study of 159 sarcoidosis 
patients, 60 (38%) had nasal symptoms (usually 
congestion) for at least 3  weeks [7]. Twenty-
seven still had symptoms after 3 weeks of nasal 
steroids and oral antibiotics. Of these, six were 
found to have biopsy-confirmed sino-nasal sar-
coidosis. Epistaxis was noted in 10–30% of 
cases [5, 29, 30]. In one series of 12 cases of 
biopsy-confirmed sino-nasal sarcoidosis, anos-
mia was noted in five, crusting in eight, and pol-
yps in four cases [29]. Other areas in the upper 
airway can be involved in sino-nasal sarcoid-
osis. These include the larynx, oral cavity, and 
tongue [5, 6].

At the University of Cincinnati Sarcoidosis 
clinic, we have seen 2000 patients with sarcoid-
osis in the past 6 years. Of these, 64 (3.2%) had 
sino-nasal sarcoidosis. This was the most com-
mon manifestation of SURT in our clinic, with 
an additional 39 patients having upper airway 
or parotid involvement without documented 
sino- nasal disease. Table 13.2 summarizes the 
clinical features and the frequency of other 
organ involvement, using standard organ 
involvement criteria [31]. Patients with sino-
nasal involvement were younger at the time of 
diagnosis of sarcoidosis than those without 
sino-nasal involvement. There was no differ-
ence in the race or gender for those with or 
without sino-nasal involvement. Lung and eye 
involvement were reported with equal fre-
quency in both groups. Skin involvement was 
more common in those with sino-nasal disease, 
often on the face (Fig.  13.5a). In this group, 
20% of patients with sino-nasal disease had 
lupus pernio (Fig. 13.5b).
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 Diagnosis of Sino-Nasal Sarcoidosis

Many patients with documented sino-nasal 
sarcoidosis have been diagnosed prior to the 
diagnosis of sino-nasal involvement. 
Sarcoidosis patients present with a wide 

range of symptoms, including no symptoms 
at all. In up to a third of cases, patients are 
detected based on an abnormal chest X-ray or 
laboratory test [32]. Symptoms from sarcoid-
osis depend on what organ is affected. 
Table  13.3 summarizes the symptoms, 

Fig. 13.3 Inhaled antigen comes into contact with cells 
at the epithelial layer. Activation of both macrophages and 
dendritic cells occurs through the Toll-like receptor-2 
(TLR-2). The dendritic cell transports the antigen across 
the epithelium to the lymph node, where it is processed 
and differentiation and clonal expression of T helper cells 
(Th1 and Th17) occur. The antigen also stimulates macro-
phages on the surface of the epithelium and leads to the 

release of tumor necrosis factor (TNF). TNF crosses 
 epithelial layer where it activates tissue macrophages and 
natural killer (NK) cells. NK releases interferon-gamma 
(IFN-γ) which upregulates the tissue macrophages. The 
activated macrophages and clonal Th1/Th17 cells form 
the core of the granuloma. Other cells in the granuloma 
include T regulatory cells (Treg) and B cells (B cells). Key 
cytokines involved in the granuloma formation include 
MCP-1, CCL20, and CXCL10

Table 13.1 Estimated incidence and prevalence of sarcoidosisa

Country
Population 
(millions)

Incidence per 
100,000

Total new cases per 
year

Prevalence per 
100,000

Total 
cases

Chinaa 1312 0.56 7349 2.1 27,190
Indiaa 1131 4.57 51,669 16.9 191,176
United Statesb 247c 8.8 21,736 60 148,200
Japana 127 1.3 1657 4.7 5990
Germanya 82 4 3118 14 11,537
Francea 61 3 1649 10 6101
United 
Kingdoma

60 5 4000 27 16,270

Swedend 8c 11.5 920 160 12,800
aEstimated by Denning et al. [24]
bReported by Baughman et al. [25]
cOnly for those aged 18 or older
dReported by Arkema et al. [26]
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 physical findings, and laboratory tests for 
various manifestations of the disease. Criteria 
have been established for identifying various 
organ involvement [33].

Criteria have also been developed to define 
sino-nasal involvement in sarcoidosis [33]. A 
patient with known sarcoidosis elsewhere who 
has granulomatous changes on direct fiber-
optic nasal endoscopy or imaging studies 
(Fig. 13.6) is felt to have at least probable sino-
nasal sarcoidosis. Patients with chronic sinus-
itis are felt to have at least possible sino-nasal 
sarcoidosis. Patients with a positive sinus or 
nasal biopsy demonstrating non-caseating 
granulomas are highly probable to have sino-
nasal sarcoidosis.

Patients with sino-nasal sarcoidosis can have a 
range of symptoms, including no specific com-
plaints [5, 30, 34], although nasal congestion and 
rhinorrhea are reported in most cases. Crusting 
and/or epistaxis occur in about a quarter of 
patients. Anosmia, purulent rhinorrhea, and facial 
pain can also occur. Local examination will often 
demonstrate hypertrophy and/or a purplish hue 
due to the granulomatous inflammation. 
Figure  13.6 shows an endoscopic view of a 
patient with sino-nasal sarcoidosis.

Figure 13.7 shows our approach to evaluation 
of patients with possible sino-nasal disease [7]. 
Patients with nasal congestion or other symptoms 
are treated with nasal steroids and/or antibiotics. 
If symptoms persist for more than 3 weeks, a CT 
scan is performed. If the scan is suggestive of 
sinus disease, the patient is considered for refer-
ral to an otolaryngologist for possible endoscopy 
and biopsy. If the CT scan is normal, the patient 
may receive a longer course of therapy. If the 
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Fig. 13.4 Prevalence rate for sarcoidosis in the United States for African-Americans and Caucasians. Higher rate 
observed for female versus male for both races [25]

Table 13.2 Clinical features of sino-nasal sarcoidosis at 
University of Cincinnati sarcoidosis clinic

Feature Number
Total number 64 

(3.2%)a

Age at the time of diagnosis, years 
(median [range])

37 
(21–60)b

Female:male 46:17
African-American:Caucasian 34:28
Lung involvement 58 

(90.6%)c

Skin involvement 38 
(59.4%)d

Lupus pernio 13 
(20.3%)e

Eye involvement 24 
(37.5%)

Other upper airway involvement
Larynx 1
Parotid 2
Tongue 1
Supraglottic 1

aOf a total of 2000 patients seen in clinic
bSignificantly younger than sarcoidosis patients without 
sino-nasal involvement (p = 0.0001)
cPercent of all sino-nasal sarcoidosis cases
dSkin involvement significantly more frequent than sar-
coidosis patients without sino-nasal involvement (Chi 
square = 34.4, p < 0.0001)
eLupus pernio significantly more frequent than sarcoid-
osis patients without sino-nasal involvement (Chi 
square = 63.5, p < 0.0001)
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Fig. 13.5 Sarcoidosis lesions of patients with sino-nasal 
sarcoidosis. (a) Lesion on cheek. (b) Nasal and periocular 
lesion of patient with lupus pernio. Both patients provided 

written informed consent for publication of their 
photographs

Table 13.3 Common symptoms, physical findings, and laboratory tests in sarcoidosis

Symptom Physical finding Laboratory test
Lung Cough Hilar adenopathy Hilar adenopathy

Dyspnea Symmetrical upper lobe 
disease

Symmetrical upper lobe disease

Chest pain Peribronchial thickening on 
CT scan

Peribronchial thickening on CT scan

Wheezing Restriction and/or obstruction on PFTs
Eye Pain Iritis Reduced visual fields

Photophobia Pars planitis
Blindness Optic neuritis

Neuro Seventh cranial 
nerve paralysis

Gadolinium enhancement on MRI

Unilateral 
weakness

Lymphocytic meningitis

Seizure
Cardiac Palpitations Ventricular arrhythmias

Edema Complete heart block
Reduced left ventricular ejection fraction
Late gadolinium enhancement on cardiac MRI
Patchy enhanced uptake of cardiac PET scan

Skin Lesions on face, 
arms, legs

Macular papular lesion

Lupus pernio
Papules in areas of scarring 
or tattoos

Liver Abdominal pain Enlarged liver and/or 
spleen

Hepato/splenomegaly on imaging

Others Increased serum or urine calcium with elevated 
vitamin D 1,25
Elevated ACE level
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Fig. 13.6 Nasal endoscopic view of a patient with sino-nasal sarcoid. Submucosal nodules are evident on the nasal 
septum and inferior turbinate, and even the nasal floor

Fig. 13.7 University of Cincinnati Sarcoidosis Clinic approach to evaluation of patients with possible sino-nasal dis-
ease [7]. *Treatment with nasal steroids and/or oral antibiotics

R. P. Baughman et al.
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patient is still requiring therapy after 2 months, 
they are referred for evaluation.

CT scanning is the most common imaging 
modality to detect sino-nasal disease, with abnor-
malities seen in most cases [30, 34]. Mucosal 
hypertrophy and/or opacification occurs in almost 
all cases of sino-nasal involvement. Turbinate or 
septal nodularity is present in about a third of 
cases (see Fig. 13.6), and bone lesions including 
erosions and osteoneogenesis is present in over a 
third of cases [30, 34].

There are some additional features that 
heighten the likelihood of sino-nasal sarcoidosis. 
Lupus pernio are papular lesions on the cheeks 
and nose, especially the nares [35]. In general, 
lupus pernio is seen in less than 2% of all sarcoid-
osis patients [36]. It is more frequent in patients 
of African descent, but can be seen in Caucasians 
[2, 3, 35]. There is strong association between 
lupus pernio and sino-nasal disease [1, 2].

Another important association is dacrocysti-
tis. The drainage of the tear duct into the sinus 
can be blocked and lead to significant morbidity. 
This can be treated surgically with a dacryocysto-
rhinostomy, although recurrent obstruction may 
occur [37]. Patients with dacrocystitis often have 
adnexal lesions [38]. In these patients, a CT scan 
may demonstrate lacrimal gland involvement as 
well as significant sinus disease (Fig. 13.8).

Table 13.4 lists the differential diagnosis of 
granulomatous sinus disease. In addition to rou-
tine pathologic examination, special stains 
should be performed to look for evidence of 
lymphoma or infection. In addition, testing for 
antineutrophil cytoplasmic antibody (ANCA) 
should be performed. Further characterization 
of ANCA should be done to distinguish between 
cytoplasmic (c-ANCA) and perinuclear 
(p-ANCA). Systemic granulomatosis disease 
with polyangiitis (GPA), formerly known as 
Wegener’s disease, is strongly associated with a 
positive c-ANCA. On the other hand, a positive 
p-ANCA test has been reported in various 
inflammatory diseases, including 
Churg-Strauss.

The serum angiotensin-converting enzyme 
(ACE) has limited sensitivity and specificity 
in part because of genetic polymorphisms of 

the ACE enzyme [39] and because of the 
effect of corticosteroid therapy [40] on lev-
els. However, a significantly elevated ACE 
level can be helpful in confirming the diag-
nosis of sarcoidosis. Over half of patients 
with active sarcoidosis will have an ACE 
level greater than 20% of the upper limit of 
normal. Patients with an ACE level that high 
have a greater than 90% chance of having 
sarcoidosis [41].

 Management

The management of sino-nasal disease is usually 
a stepwise process. Figure 13.9 is the approach 
we employ in management of patients at our 
clinic. Initial therapy is topical, with use of nasal 
corticosteroids to control inflammation. If that is 
unsuccessful, we will use oral corticosteroids, 
usually prednisone.

In general, oral corticosteroid therapy for sar-
coidosis is a long-standing intervention. Short- 
course treatments of up to 3 weeks are reserved 
for acute events [42, 43]. The rationale for long- 
term treatment with corticosteroids is because of 
the high rate of relapse of sarcoidosis when treat-
ment is withdrawn [5, 30]. Once systemic ther-
apy is initiated for sarcoidosis, about half of 
patients will require systemic therapy for more 
than 2  years [44, 45]. Some features, such as 
lupus pernio, are associated with the need for 
systemic treatment for 5 years or longer [46]. The 
goal with oral corticosteroid therapy is to reduce 
the patient to the lowest possible dose that main-
tains a clinical remission [47]. For most sarcoid-
osis patients, a maintenance dose of prednisone 
of less than 10 mg daily or its equivalent is asso-
ciated with minimal adverse effects and is gener-
ally well tolerated [48].

For those patients unable to tolerate 
maintenance- dose prednisone or who have pro-
gressive disease despite corticosteroid therapy, 
antimetabolite therapy is a steroid-sparing alter-
native. Methotrexate is the most widely studied 
and used treatment as a second-line therapy for 
sarcoidosis [25, 49]. Table 13.5 summarizes sev-
eral reported series as well as our own experience 
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Fig. 13.8 Coronal CT scan demonstrating bilateral lacri-
mal gland involvement (red circles) in a sarcoidosis 
patient with dacrocystitis who also has left maxillary 
sinus disease

Table 13.4 Differential diagnosis of sino-nasal diseasea

Disease Differentiating features Comments
Sarcoidosis Multi-organ disease Elevated ACE
Infectious rhinitis Positive culture and/or special stains Actinomycosis, Aspergillosis, Blastomycosis, 

Histoplasmosis, Mucomycosis, leprosy, 
syphilis

Granulomatosis with 
polyangiitis

Necrotizing vasculitis, associated with 
lung and renal disease

ANCA positive, especially c-ANCA

Churg-Strauss 
syndrome

Necrotizing granulomas with vasculitis, 
bronchial asthma, eosinophilia

ANCA positive, especially p-ANCA

Polymorphic 
reticulosis

Angiocentric lymphoid infiltrate

Berylliosis Non-caseating granulomas limited to 
lung, skin, and sinuses

Positive beryllium lymphocyte stimulation test
Exposure to beryllium

Tuberculosis Caseating granulomas Positive smears and culture for M. 
tuberculosis

Lymphoma Immunohistochemistry demonstrating 
clonal B or T cell infiltration

aAdapted from Zeitlin et al. [7]

with various systemic therapies to treat sino- 
nasal sarcoidosis. For most studies, methotrexate 
was the most widely used steroid-sparing agent. 
Table 13.6 compares the various systemic treat-
ments for sarcoidosis, including dosage and tox-
icity. Specific recommendations have been made 
for administrating and monitoring methotrexate 
therapy in sarcoidosis patients [50]. Azathioprine 
and leflunomide have been used less frequently 
to treat sarcoidosis. However, these drugs appear 

to be about as effective as methotrexate [51–53]. 
Mycophenolate has recently been reported as an 
effective steroid-sparing agent in sarcoidosis [54, 
55]. All four of these agents seem to work about 
two-thirds of the time as steroid sparing. The use 
of an individual agent depends on the experience 
of the clinician and potential or real toxicity for 
the individual patient.

The antimalarial drugs hydroxychloroquine 
and chloroquine appear to be most effective for 
treatment of cutaneous disease [56]. They are 
not as effective for more aggressive forms of 
sarcoidosis, such as lupus pernio [3]. For sino-
nasal sarcoidosis, they are often used as an 
adjunct to other treatments (see Table  13.5). 
Their toxicity is relatively low, although 
patients need to undergo routine ocular screen-
ing [57].

Monoclonal antibodies to tumor necrosis fac-
tor (anti-TNF) have changed the outcome of 
many patients with chronic sarcoidosis. 
Infliximab, a chimeric monoclonal antibody, has 
been the most widely used anti-TNF drug. In 
advanced pulmonary sarcoidosis, it was found to 
be significantly better than placebo treatment 
[58]. It was also found to be more likely to induce 
complete resolution of lupus pernio than any 
other drug combination [3]. Adalimumab has 
also been reported as effective in treating sar-
coidosis, including lupus pernio [59, 60]. Not all 
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Fig. 13.9 A stepwise approach to management of sino- 
nasal sarcoidosis. Treatment is for the underlying sarcoid-
osis (top half of the flowchart) as well as management of 
any infection. Prednisone is the most commonly used oral 

corticosteroid in our clinic. Surgical management of 
residual scarring is usually reserved until after inflamma-
tion is controlled

Table 13.5 Systemic therapy for sino-nasal sarcoidosis

University of Cincinnati 
Sarcoidosis Clinic 2016

Aloulah et al. 
(2013) [34]

Kirsten et al. 
(2013) [29]

Aubart et al. 
(2006) [30]

Zeitlin et al. 
(2000) [7]

Number of patients 64 38 12 20 18
No therapy 4 14 0 0 b 0
Prednisone a 60 24 12 18 13
Methotrexate 52 NC NC 8 13
Azathioprine 12 NC NC 2 3
Leflunomide 15 NC NC 0 0
Mycophenolate 2 NC NC 0 0
Hydroxychloroquine/
chloroquine

16 NC NC 14 4

Infliximab 16 NC NC 0 0
Adalimumab 2 NC NC 0 0
Rituximab 2 NC NC 0 0
Repository corticotrophin 7 NC NC 0 0
Surgeryc NC 4 1 7 4

NC no comment
aPatients may have received more than one treatment
bOther treatments include thalidomide, cyclophosphamide, pentoxifylline, and cyclosporine
cExcludes biopsy

anti- TNF agents are equally effective in treating 
sarcoidosis. Adalimumab appears to be less 
potent than infliximab [61]. A recent randomized 
trial failed to demonstrate a benefit of golimumab 
versus placebo [62]. Moreover, these drugs are 

associated with significant potential toxicity. 
Guidelines have been developed for use of these 
drugs in patients with sarcoidosis [63].

Rituximab is a monoclonal antibody against B 
cells. While originally developed to treat lym-
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phoma, it has been found to have significant 
immunomodulatory effects. The drug has been 
reported as effective in refractory pulmonary [64] 
and ocular [65] disease.

Repository corticotrophin injections (RCI) 
have recently been reported as effective in 

 treating advanced sarcoidosis [66]. While an 
old therapy, it had been abandoned for many 
years in routine management of sarcoidosis 
because of cost and question of mechanism of 
action. The drug stimulated the melanocortin 
receptors (MCR), including MCR-2. The 

Table 13.6 Systemic therapy for sarcoidosis

Drug Dosage

Estimated 
efficacy 
(%)

Recommended 
monitoring Common/significant toxicity

Prednisone Initial 20–40 mg 
daily
Maintenance 
5–10 mg daily

>90 Glucose, blood pressure, 
edema, osteoporosis

Toxicity is dose dependant

Methotrexate 5–15 mg weekly 60 CBC, liver, renal 
function every 
2–3 months

Bone marrow suppression, 
nausea, hepatotoxicity up to 
5%, rarely pulmonary toxicity

Azathioprine 50–200 g daily 60 CBC, liver, renal 
function every 
2–3 months

Bone marrow suppression, 
nausea, rarely hepatotoxic

Mycophenolate 500–1500 twice a 
day

50 CBC every 2–3 months Bloating, diarrhea

Leflunomide 10–20 mg daily 60 CBC, liver, renal 
function every 
2–3 months

Bone marrow suppression, less 
nausea, hepatotoxicity up to 
5%, very rare pulmonary 
toxicity, peripheral neuropathy

Hydroxychloroquine 200–400 mg 
daily

20 Eye examination every 
6–12 months

Rarely heart block, dermatitis, 
hepatotoxicity

Infliximab 3–5 mg/kg 
initially, 2 weeks 
later than once 
every 4–6 weeks

85 Initial screening for 
latent tuberculosis, 
monitor for fungal 
infections

Allergic reactions including 
anaphylaxis, reactivation of 
tuberculosis, dermatitis, 
lupus-like reaction, skin 
cancer, worsening congestive 
heart failure, solid malignancy, 
lymphoma, demyelinating 
diseases

Adalimumab 40 mg every 
1–2 weeks

80 Initial screening for 
latent tuberculosis, 
monitor for fungal 
infections

Less likely allergic reactions 
than infliximab, reactivation of 
tuberculosis, dermatitis, 
lupus-like reaction, skin 
cancer, worsening congestive 
heart failure, solid malignancy, 
lymphoma, demyelinating 
diseases

Rituximab 1000 mg initially, 
2 weeks later and 
then maintenance 
every 1–6 months

70 Screen for prior viral 
infections, including 
hepatitis B and C, 
monitor 
immunoglobulin levels 
every 3–6 months

Reaction to infusion, viral 
infections, IgG deficiency

Repository 
corticotrophin 
injection

40–80 units twice 
a week

50–80 Glucose, blood pressure, 
edema, osteoporosis

Toxicity is usually on the day 
of injection, edema and 
increased anxiety are frequent, 
toxicity is dose dependant
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MCR-2 is on the adrenal gland and stimulation 
leads to release of cortisol. However, there are 
several other MCRs, including some that regu-
late the immune system. Stimulation of these 
other MCR is felt to have benefit beyond just 
steroid effect of the drug [67]. Repository corti-
cotrophin injection has been used in cases of 
refractory sarcoidosis who have failed conven-
tional therapy and/or developed significant tox-
icity to various treatments [68].

Most patients with sarcoidosis can be man-
aged medically [34]. As noted in Table 13.5, sur-
gical intervention has been used in the 
management of sino-nasal sarcoidosis [29, 69]. 
While some cases may respond to surgery [69], 
relapses after surgery are common [7, 29, 30]. 
Endoscopic surgery may be effective in control-
ling symptoms [70], but it can be very difficult to 
control healing and prevent scarring. The risk for 
relapse can be reduced by aggressive use of 
immunosuppressive agents. However, immuno-
suppression will only reduce inflammation and 
has no impact on scar tissue. Once scarring 
occurs, surgery may prove effective in removing 
obstruction. Even extensive reconstruction sur-
gery has been successfully performed when 
inflammation has been controlled [71].

Lawson et al. have proposed the classification 
of sino-nasal sarcoidosis as atrophic, hypertro-
phic, destructive, and nasal enlargement [72]. 
They reported good results with surgery only for 
the subgroup of patients with architectural 
changes. While these recommendations seem 
reasonable, they were based on a retrospective 
review of a limited number of cases and need to 
be confirmed prospectively.

For the therapy of sino-nasal sarcoidosis, one 
has to also consider infection. Abnormal sinus 
architecture from sarcoidosis represents the same 
challenge for the clinician as any other condition 
which affects the sinuses. Antibiotic regimens 
often progress in a stepwise fashion as depicted 
on the bottom half of Fig.  13.9 [73]. Cultures 
may provide evidence to support targeted ther-
apy, especially for aspergillosis and atypical 
mycobacteria. Figure 13.10 demonstrates the CT 
scan of a patient with chronic ocular, pulmonary, 

and sinus sarcoidosis treated at our institution. 
While on infliximab and methotrexate therapy, 
she had developed a chronic sinus infection. 
Cultures of her left maxillary sinus grew M. 
avium. Her sinus symptoms responded well to 
withdrawal of infliximab and anti-mycobacterial 
therapy. However, she had to be placed back on 
prednisone 20 mg to control her ocular disease.

In addition to targeted antibiotic therapy, nasal 
rinses with broad-spectrum antibiotics can be uti-
lized. Gentamicin is commonly used, since topi-
cal application usually does not lead to toxicity. 
However, systemic absorption can still occur [74] 
and toxicity should be assessed for those on 
chronic therapy. Prolonged use of systemic anti-
biotics has shown benefit in some patients [75]. 
However, these antibiotic regimens have not been 
studied in sino-nasal sarcoidosis.

Fig. 13.10 Axial CT scan of head of a 70-year-old white 
female with chronic ocular, pulmonary, and sinus sarcoid-
osis for more than 12 years. Patient had developed head-
ache and fever while on maintenance therapy of 
methotrexate 10 mg a week and infliximab 5 mg/kg once 
a month. Her CT scan demonstrated fluid collection in left 
maxillary sinus. Biopsy of sinus showed highly cellular 
inflammation with numerous acid-fast bacilli seen on spe-
cial staining. Culture grew M. avium complex (MAC). 
Her infliximab was discontinued and she was placed on 
anti-mycobacterial therapy. While her sinus symptoms 
resolved, her optic neuritis flared and prednisone was 
reinstituted. After 1  year of anti-mycobacterial therapy, 
she is stable and without evidence of mycobacterial infec-
tion. However, she remains on 20  mg prednisone daily 
with 10 mg-a-week methotrexate
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 Conclusion

While sino-nasal sarcoidosis is an unusual form 
of sarcoidosis, it often leads to chronic disease. 
For some patients, local therapy may be suffi-
cient. Systemic therapy follows a stepwise 
approach, with prednisone or similar oral corti-
costeroid the initial drug of choice. However, 
because of the need for long-term therapy, 
steroid- sparing alternatives should be consid-
ered early in the management of advanced sino-
nasal disease. Antimetabolites are effective 
steroid- sparing agents. Newer modalities, 
including anti- TNF antibodies, have proved 
effective in treating refractory cases. Surgery is 
effective in addressing architectural changes 
due to scarring. It is most effective in patients in 
whom inflammation is controlled by immuno-
suppression therapy.
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 Case Presentation 1

A 35-year-old female patient presents for the 
evaluation of chronic rhinosinusitis with nasal 
polyps (CRSwNP) ongoing for about 10  years. 
Prior to this, she had no history of sinonasal 
symptoms. Since the onset of symptoms at the 
age of 25, she describes progressive and recalci-
trant nasal congestion and loss of smell following 
a particularly severe viral upper respiratory infec-
tion (URI). Two years after the onset of rhinitis 
symptoms, she developed episodic chest tight-
ness and wheeze triggered by URIs, and was 
diagnosed with asthma.

She eventually underwent endoscopic sinus 
surgery for refractory nasal congestion to remove/
debulk her polyposis, but subsequently experi-
enced rapid regrowth postoperatively. When ques-
tioned about triggers, she states that ingestion of 
ibuprofen on two separate occasions has induced 
nasal congestion, profuse rhinorrhea, and asthma 
exacerbation. Alcoholic beverages also reproduce 
these symptoms albeit to a lesser degree.

Her physical examination revealed grade III 
bilateral nasal polyps and an occasional expira-

tory wheeze on lung examination, with no other 
abnormal findings.

Lab work demonstrates peripheral eosino-
philia at 700 cells/μL. Total IgE was elevated at 
376 kU/L, although specific IgE testing to envi-
ronmental allergens was negative.

Based on her clinical history, a diagnosis of 
aspirin-exacerbated respiratory disease (AERD) 
was made. She is presently on a baseline regimen 
of budesonide nasal irrigations, fluticasone/sal-
meterol controller inhaler, and montelukast daily. 
She declines aspirin (ASA) desensitization due to 
a history of severe peptic ulcer disease and reluc-
tance to commit to long-term aspirin therapy.

Her clinical course continues to be punctuated 
by recurrent infectious episodes of acute sinusitis 
requiring antibiotics and systemic corticosteroids 
three to four times a year. High-dose corticoste-
roids transiently ameliorate chronic nasal con-
gestion and restore sense of smell. She reports 
similarly poor control of asthma, with frequent 
daytime symptoms and nocturnal awakenings.

She presents today to discuss alternative ther-
apeutic strategies for disease control.

 Discussion

AERD is characterized by asthma, chronic sinus-
itis with nasal polyps (CRSwNP), and respiratory 
reactions upon ingestion of cyclooxygenase 
(COX)-1 inhibitors. It generally develops de 
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novo in adulthood. Since the first description 
nearly a 100 years ago, the inciting event for its 
sudden development in healthy individuals is yet 
unknown.

Chronic pansinusitis is associated with nasal 
polyps (NPs) that often regrow rapidly despite 
repeated surgery. This is followed by develop-
ment of late-onset, nonatopic asthma. Patients 
with both NPs and asthma seem to have a worse 
disease course with more severe nasal obstruction 
and loss of smell [1]. AERD in particular is char-
acterized by especially severe olfactory impair-
ment compared with other forms of NPs [2].

 Pathogenesis

Although the mechanisms underlying AERD are 
not fully elucidated, the central defect appears to 
lie in dysregulated arachidonic acid (AA) 
metabolism. Prostaglandin E2 (PGE2) levels at 
baseline are markedly deficient along with its 
receptor EP2. PGE2 is critical in inhibiting the 
activation of mast cells and eosinophils and 
provides negative feedback to the 5-lipoxygenase 
(5-LOX) pathway. Its production is driven by 
COX-2, which is also constitutively diminished 
in AERD [3].

Aspirin is a potent COX-1 and COX-2 inhibi-
tor. Through COX inhibition, AA metabolism is 
shifted from the COX to the 5-LOX pathway. 
This results in suppression of residual homeo-
static PGE2, and removes negative checkpoints 
on cysteinyl leukotriene (CysLT) production 
from mast cells and eosinophils.

This increased cysLT production is mediated 
by leukotriene C4 synthase (LTC4S), and 
upregulated by both IL-4 and IFN-gamma [4]. 
Platelets have also been implicated in cysLT 
overproduction by adhering to eosinophils and 
neutrophils in AERD, and transcellular 
conversion of leukotriene A4 (LTA4) into CysLTs 
by platelet LTC4S [5]. The P2Y12 receptor 
facilitates the development of these platelet- 
leukocyte aggregates. Platelets also release 
thromboxane A2 (TXA2) that facilitates 
 leukocyte recruitment.

CysLTs including leukotriene C4 (LTC4), 
LTD4, and LTE4 underlie much of the 
symptomatic component of AERD 
pathophysiology. The effect of cysLTs is 
augmented by cysLT receptor overexpression, 
making cells hyperresponsive to their action. 
LTE4 is the stable metabolite of this pathway. 
Urinary leukotriene E4 (LTE4) levels correlate 
with the severity of aspirin response, and may be 
a valid biomarker [6].

AERD is characterized by a high level of tis-
sue and blood eosinophils, suggesting a type 2, 
Th2 immune response disorder. Epithelium- 
derived cytokines, including thymic stromal 
lymphopoietin (TSLP), IL-25, and IL-33, that 
initiate innate type 2 immune reactions are key 
mediators in AERD [7, 8]. These cytokines 
activate type 2 innate lymphoid cells (ILC2s) to 
express substantial quantities of type 2 cytokines, 
especially IL-5 and IL-13, propagating Th2 
inflammation and eosinophilia. Their effect is 
further amplified by prostaglandin D2 (PGD2) 
and cysLTs.

Mast cell-derived PGD2 is another key 
effector molecule in AERD. Persistent ongoing 
production has been demonstrated in this pop-
ulation [9, 10]. Interaction of PGD2 with the 
chemoattractant receptor homologue expressed 
by Th2 cells (CRTH2) induces chemotaxis of 
eosinophils and Th2 cells. The severity of clin-
ical reactions to aspirin challenge in patients 
with AERD also relates to the level of PGD2 
production [9], and increased urinary levels of 
PGD2 metabolites are also characteristic of 
AERD.

 Diagnosis

The diagnosis of AERD is contingent upon a pos-
itive challenge to ASA, lysine-ASA, or intranasal 
ketorolac [11]. Among patients with NPs and 
asthma referred for oral ASA challenge, 42% had 
a positive reaction. A clinical history of reactions 
to ASA or NSAIDs often yields important infor-
mation and may obviate the need for a challenge. 
In the setting of a single prior ASA/NSAID respi-
ratory reaction, the likelihood of a positive chal-
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lenge was 80% and increased to 100% if that 
reaction was more severe requiring hospitaliza-
tion [12].

 Management

Asthma and sinusitis in AERD should be man-
aged according to established guidelines. In 
addition, all patients should be prescribed leu-
kotriene blocking medications, including leu-
kotriene receptor antagonists (LTRAs such as 
montelukast) and/or 5-LOX inhibitors 
(zileuton).

ASA desensitization followed by chronic 
therapy with 325–650 mg once or twice daily 
has the potential to improve upper and lower 
airway disease [13, 14]. However, tolerance 
may be limited by gastrointestinal (GI) bleed-
ing or dyspepsia. Following ASA desensitiza-
tion, urine LTE4 levels gradually decline to 
basal levels with continued treatment. There 
appears to be a “PGD2 high” subset of AERD 
patients who are resistant to ASA desensitiza-
tion. This is in contrast to subjects who tolerate 
desensitization who show markedly reduced 
levels of urinary PGD2 metabolites on high-
dose aspirin therapy [9].

With increased understanding of disease 
mechanism, a host of investigational therapies 
are being applied towards AERD (Fig.  14.1). 
Several randomized, double-blind, placebo- 
controlled studies increasingly support the 
targeting of Th2 inflammatory pathways to 
improve outcome measures in CRSwNP patients, 
including AERD.

The humanized anti-IL-5 monoclonal anti-
bodies, mepolizumab and reslizumab, have both 
shown a significant reduction of NP size in 
50–60% of patients, specifically in the subpopu-
lation with elevated IL-5 levels in nasal secre-
tions [15, 16]. Similarly, anti-TSLP antibodies 
used in allergic asthma may also control type 2 
inflammation in NPs, and anti- TSLP may be a 
future therapeutic agent for AERD.  Given the 
role of PGD2 and its receptor CRTH2  in the 

AERD pathophysiology, CRTH2 antagonists 
could be another potential treatment option. The 
IL-4/IL-13 pathway and other type 2 inflamma-
tory pathways have also shown potential as tar-
gets for CRSwNP, but all require further 
investigation.

The role of allergen immunotherapy (AIT)  
is unclear, since a causal relationship between 
atopy and AERD appears unlikely. Among 
AERD patients on AIT, 62% did not find it 
effective in one survey [17]. Nevertheless, in 
subjects with significant and likely relevant 
allergic sensitization, use of AIT at the main-
tenance doses proven to be effective may be 
beneficial in improving mucosal edema attrib-
uted to allergic rhinitis leading to improved 
airflow in an airway already compromised by 
nasal polyps. Patients without obvious aeroal-
lergen sensitization still may benefit from 
omalizumab, a monoclonal IgE-binding anti-
body. This anti-IgE strategy has shown thera-
peutic potential in nonatopic patients with 
NPs and asthma [18]. The administration of 
omalizumab to AERD patients also sharply 
decreased the urinary levels of PGD2 metabo-
lites and LTE4 [19].

Platelet-targeted therapies are also being 
investigated as potential treatment for patients 
with AERD, including a P2Y12-receptor antago-
nist and a thromboxane-receptor (TP) antagonist. 
The administration of a TP receptor antagonist in 
a murine model was shown to completely block 
ASA reactions [20].

Despite several promising agents on the 
horizon, a limited number of therapeutic 
options are currently available to address 
AERD. In the present case scenario, the patient 
should be encouraged to undergo ASA desen-
sitization under the umbrella of GI prophy-
laxis. The development of GI symptoms during 
long-term ASA therapy appears to be pre-
vented by H2 blockers or proton pump inhibi-
tors [21]. Further investigations to decipher 
disease mechanism and trials of targeted ther-
apies are imperative to expand other treatment 
avenues.
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• AERD is defined by mucosal infiltration by 
eosinophils that suggests a Th2 cytokine 
milieu.

• CysLT overproduction and hyperresponsive-
ness are hallmarks of AERD.

• New biologic therapies used in eosinophilic 
asthma may reduce polyp size and improve 
sinonasal outcomes, by targeting common 
pathways of Th2 inflammation.

 Case Presentation 2

A 15-year-old female patient presents for the 
evaluation of episodic shortness of breath and 
wheeze ongoing for the past 3 years. In addition, 
she had symptoms for the past 10  years of 
perennial clear rhinorrhea, postnasal drip, nasal 
pruritus, and sneezing with occasional ocular 
pruritus. Symptoms are perennial without 
obvious seasonal exacerbation, although she 
thinks they might be worse in the fall.

Her daily regimen consists of montelukast 
10 mg daily and inhaled beclomethasone 80 mcg 
two puffs twice daily. She requires albuterol for 
rescue several times a week for daytime 
symptoms triggered by exercise, and once a week 
for nocturnal awakenings. There is no prior 
history of hospitalization or systemic 

corticosteroid use for asthma flares. She has been 
prescribed fluticasone nasal spray that she uses 
once a week as needed, along with oral 
antihistamines for exacerbated nasal congestion.

The patient has no other medical problems. 
She endorses a history of asthma and allergies in 
both parents and her siblings.

Her physical examination demonstrates pale 
and boggy inferior turbinates, and erythema of 
the posterior pharyngeal wall, but is otherwise 
normal.

Previous skin testing revealed a positive 
response (wheal diameter >15 mm) to both house 
dust mite (HDM) species, Dermatophagoides 
pteronyssinus (DP) and Dermatophagoides 
farinae (DF). Her total IgE level was 147 KU/L, 
and her fraction of exhaled nitric oxide (FeNO) 
was 65 parts per billion (normal  <20  ppb). 
Pulmonary function tests showed a FEV1-to- 
forced vital capacity ratio (FEV1/FVC) of 86%, 
FEV1 of 3.70 L (90% predicted), FVC of 3.57 L 
(91% predicted), and a 12% (440  cm3) 
improvement in FEV1 after the inhalation of four 
puffs of inhaled albuterol.

Efforts at allergen avoidance have been under-
taken, with dust mite covers on her mattress and 
pillow, vacuuming the carpets twice a week, and 
weekly washing of linens in hot water. However, 
these interventions have had little effect on her 
symptoms. She presents to discuss allergy shots, 
but is concerned about the time investment and 

Fig. 14.1 Investigational targeted therapies for AERD based on disease mechanism
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potential for anaphylactic reactions. She asks 
about other possible interventions to control her 
symptoms.

 Discussion

The above clinical vignette highlights a common 
scenario encountered by allergists. HDM is the 
most common cause worldwide of allergen- 
induced respiratory disease and is implicated in 
both allergic rhinitis (AR) and asthma. In one 
cross-sectional study of 628 AR patients, 56% of 
patients were sensitized to HDM [22]. The 
prevalence of HDM sensitization varies between 
21 and 85% in asthma populations [23–25].

AR and asthma share a common inflammatory 
background, which is generally referred to as 
united airway disease. The relevance of this 
“unified airway” concept for rhinitis in asthma 
has long been established [26]. This strong 
correlation between comorbid allergic asthma 
and AR often reflects underlying HDM 
sensitization. Several pediatric cohort studies 
suggest that sensitization to HDM in children 
less than 5 years of age is a significant risk factor 
for asthma later in childhood [23, 27]. The 
Manchester Asthma and Allergy Study followed 
children from birth to delineate atopic phenotypes. 
At age 8  years, sensitization to HDM, both 
independently and as part of multi-allergen 
sensitization, increased the risk of respiratory 
disease in 87% of the cohort [28]. Sensitization 
to HDM is also a risk factor for asthma 
development in 20- to 44-year-old patients with 
AR [29].

HDM allergens are especially virulent since in 
addition to triggering Th2 cells that drive the IgE- 
dependent allergic response, they can also 
activate the innate immune response. They 
contain proteases and LPS, which are recognized 
by protease-activated receptors [PARs] and Toll- 
like receptors [TLRs], respectively, and contribute 
to allergic inflammation [30].

Der p 1 and Der p 2 are the most frequently 
recognized clinically relevant HDM allergens. 
The relationship between IgE antibody titers to 
HDM allergens and asthma shows that disease is 

uncommon in subjects with concentrations below 
about 3.5  IU/mL [31]. Recently, in a cohort of 
235 children labeled with dual-HDM 
sensitization—recognition of specific IgE against 
both Der p 1 and Der p 2 allergens—a higher risk 
was noted for recurrent and more severe asthma 
exacerbations [32].

In this case, uncontrolled AR could be exacer-
bating the patient’s underlying asthma symp-
toms. The presence of AR is known to be 
associated with poor asthma control. A cross- 
sectional study involving 203 children with 
asthma found that asthma control questionnaire 
(ACQ) scores were significantly worse in children 
with AR than in those without (p  =  0.012). 
Interestingly, after adjustment for nasal 
corticosteroid therapy, AR was no longer 
associated with incomplete asthma control (OR 
0.72, p = 0.150), suggesting that addressing AR 
with nasal corticosteroids may improve asthma 
control [33].

However, it is still a matter of debate whether 
the treatment of AR helps to improve asthma 
control. Some studies evaluating the effect of 
intranasal corticosteroids (INS) on asthma 
outcomes have shown significant improvements 
in FEV1 [34, 35], asthma symptom scores [35, 
36], and FeNO [37]. In a retrospective evaluation 
of a cohort with AR and asthma [38], the risk of 
asthma-related hospitalizations and emergency 
department visits in the group treated for AR was 
1.3% compared to 6.6% in the untreated group. 
Conversely, a recent trial of intranasal 
mometasone treatment of the upper airways to 
improve control of inadequately controlled 
asthma did not achieve the primary outcome of 
improvement in Asthma Control Test (ACT) 
scores in adults or children [39].

The patient in this vignette is mono-sensitized 
to HDM and would benefit from therapies aimed 
at ameliorating HDM allergy. This would be a 
worthwhile investment regardless of whether 
HDM sensitization exists independently or in the 
setting of other allergen sensitizations.

According to a recent Cochrane meta-analysis 
on HDM avoidance, the use of environmental 
control measures has been found to be of little 
benefit in reducing rhinitis symptoms with no 
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effect on asthma symptoms [40]. This lack of 
effect may be due to the inability of these 
interventions to reduce mite antigen levels low 
enough to reduce allergen-driven inflammation.

Pharmacotherapy with topical corticosteroids 
is effective in the control of AR and asthma 
symptoms, but it does not modify the natural 
history of the disease. The efficacy of omalizumab 
has been proven for the treatment of moderate-to- 
severe, therapy-resistant, uncontrolled allergic 
asthma, in children down to 6  years of age, 
particularly also in children with dust mite 
allergy. However, allergen immunotherapy 
(AIT), involving the administration of gradually 
increasing concentrations of allergen extract, is 
the only treatment modality that has the potential 
to modify disease course.

Subcutaneous immunotherapy (SCIT) and 
sublingual immunotherapy (SLIT) are both 
effective in reducing symptoms of HDM-induced 
AR and asthma. While a substantial body of 
evidence supports the efficacy of SCIT [41–44], 
there remain several deficiencies in the literature. 
A review of HDM IT articles published through 
2013 for AR and asthma found no consensus on 
basic treatment parameters [45]. The authors 
highlighted that many of the commercially 
available HDM extracts have not been investigated 
in large, multicenter trials, and only scant 
pediatric studies exist.

The advent of HDM SLIT has added a new 
dimension to the management of the HDM 
allergic patient. However, trials to evaluate HDM 
AIT with SLIT have yielded varying results.

Treatment with HDM SLIT in a cohort of 
North American adolescent and adult subjects 
resulted in a 17% improvement in total combined 
rhinitis score (TCRS) relative to placebo [46]. 
This is in contrast to a 49% improvement in 
symptoms observed with the same preparation in 
a HDM environmental exposure chamber trial 
[47]. Furthermore, improvement in mild-to- 
moderate asthma patients with HDM SLIT has 
been demonstrated [48, 49] as well as a significant 
decrease in the risk of moderate or severe asthma 
exacerbations [50].

Overall, based on the currently published lit-
erature on HDM AIT, there is good evidence 

demonstrating the clinical effectiveness and 
safety of HDM SCIT and SLIT in treating HDM 
allergic subjects with AR and mild-to-moderate 
asthma.

Previous studies also suggest that early insti-
tution of AIT for AR may have potentially pre-
vented the development of asthma in this 
patient. Forty-four patients with AR mono- 
sensitized to HDM were randomized to AIT 
versus placebo [51]. The AIT group had 
decreased airway hyperreactivity, and none 
developed asthma, compared with 9% patients 
in the placebo group. More recently, a large ret-
rospective cohort study evaluated AIT for aller-
gic rhinitis in preventing asthma [52]. The risk 
of asthma was significantly attenuated in 
patients receiving AIT (relative risk, 0.60; 95% 
CI, 0.42–0.84); there was also a significant pre-
ventive effect of asthma using SCIT (relative 
risk, 0.54; 95% CI, 0.38–0.84) compared with 
nontreated control subjects.

In addition, in a recent research review, 
Demoly et al. highlighted evidence that AIT can 
assist in stepping down asthma treatment and 
improve control [53]. Of note, moderate 
asthmatics rather than mild cases appear to 
benefit more from this intervention.

A pilot study recently evaluated HDM AIT for 
primary prevention of allergic disease. In a 
prospective study, 111 high-risk infants were 
randomized to a high-dose HDM extract or 
placebo for 12  months. The study showed a 
significant reduction in sensitization to any 
common allergen in the active (9%) compared 
with placebo (25%) treatment groups [54].

In this case, suboptimal control of AR may 
be contributing to persistent asthma, and com-
pliance with daily INS should be emphasized. 
Asthma treatment should be stepped up to an 
ICS/LABA combination. Omalizumab is yet 
another option for symptom control, but given 
the low severity of her disease and the high cost 
of this treatment is not really appropriate at this 
juncture to initiate. Finally, HDM AIT should be 
strongly considered as a disease-modifying 
intervention due to clinical effectiveness in AR 
and mild-moderate asthma once her asthma is 
under good control.
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• A high proportion of allergic asthma patients 
are sensitized to HDMs, which are the most 
common allergens worldwide.

• Rhinitis is not just associated with asthma, but 
is also a risk factor for its development.

• Management of rhinitis and asthma must be 
jointly carried out, leading to better control of 
both diseases.

• Allergen immunotherapy for AR may prevent 
progression to asthma by several potential 
pathways, and may improve control in 
established cases of asthma.
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Pediatric Rhinitis

Fuad M. Baroody

 Case Presentation 1

A 6-year-old male presents to the office with 
 complaints of a consistent stuffy nose with inter-
mittent clear rhinorrhea. He also complains of epi-
sodes of sneezing and itching that occur frequently. 
He does have intermittent snoring, especially on 
days when he is significantly congested. His 
symptoms are present all year long with exacerba-
tions during spring and fall, especially when he is 
playing outside. His symptoms seem to affect his 
quality of life as he is often tired on days when his 
symptoms are prevalent. He has been treated with 
diphenhydramine, which seems to help the symp-
toms to a certain extent but, on the other hand, 
makes him sleepy and worsens his school perfor-
mance. Review of systems shows asthma treated 
with an inhaled corticosteroid for control and, as 
needed, bronchodilators for rescue. He is other-
wise healthy and lives at home with mother, father 
(who are both allergic), and a younger sister. They 
have no pets in the house.

On physical exam, the notable physical find-
ings are nasal congestion with hypertrophied infe-
rior turbinates that have a pale mucosa and are 
covered by thin clear secretions. His mouth and 
throat exam are normal with small, nonobstructive 

tonsils. His chest is clear without wheezing on 
auscultation. Because of the history, his nose was 
decongested and anesthetized topically and a nasal 
endoscopy was performed. His septum was 
straight and his inferior turbinates responded well 
to decongestant with improvement of his airway. 
His adenoids were present but not obstructive. 
There was no purulent drainage in his osteomeatal 
areas. Immunocap testing was performed that 
showed him to be sensitive to trees, grasses, rag-
weed, and dust mites.

The working diagnosis of this child is that of 
perennial allergic rhinitis (PAR) with a seasonal 
component (SAR), which is the most common 
chronic disease in children, and has significant 
signs and symptoms that affect their quality of 
life as well as their ability to concentrate and 
learn effectively in school. It is a manifestation of 
a hypersensitivity response in the nasal mucosa 
to environmental allergens that elicit an IgE- 
mediated antibody response. It usually manifests 
with a spectrum of symptoms including sneez-
ing; runny nose; stuffy nose; itching of the nose, 
throat, and ears; as well as eye tearing, redness, 
and itching. Because eye manifestations are often 
present, the disease is more commonly referred 
to as allergic rhinoconjunctivitis. Allergic rhinitis 
is estimated to affect anywhere between 25 and 
40% of the pediatric population in the Western 
world [1]. Allergic rhinitis increases with age 
from early childhood to the beginning of 
adolescence.
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Although AR is a benign disease, as men-
tioned above, it has negative effects on quality of 
life of children and their parents, and negatively 
affects school performance and sleep. The rhino-
conjunctivitis quality-of-life questionnaires for 
children and adolescents developed by Juniper 
and colleagues are the most commonly used tools 
to measure quality of life in children and demon-
strate the negative impact of the disease [2, 3]. A 
survey of 35,757 US households, the “Pediatric 
Allergies in America” survey, focused on chil-
dren with nasal allergy between 4 and 17 years of 
age and showed a significantly lower percentage 
of allergic children being rated as having excel-
lent health by their parents (43%) as compared to 
children without allergies (59%) [1]. Similarly, a 
lower proportion of children with allergies were 
described as “happy,” “calm and peaceful,” hav-
ing “lots of energy” and being “full of life” as 
compared to children without allergies. Moreover, 
the proportion of children with diminished per-
formance while at school as assessed by the par-
ents was significantly higher in children with 
nasal allergies (40%) as compared to their nonal-
lergic peers (11%).

In the Allergic Rhinitis and Its Influence on 
Asthma (ARIA, an international working group) 
guidelines, allergic rhinitis is classified based on 
duration: as intermittent (symptoms occurring 
less than 4 days a week or less than 4 weeks a 
year) or as persistent (symptoms occurring more 
than 4 days per week and for more than 4 weeks 
in a year) [4]. Additionally, AR is classified based 
on the impact on quality of life: as mild (the 
patient has normal sleep, daily activities, sport, 
leisure, work and school, and no troublesome 
symptoms) or as moderate to severe (the patient 
has abnormal sleep, impairment of daily activi-
ties, sport, leisure, problems caused at work or 
school, and troublesome symptoms). Other clas-
sifications include seasonal (symptoms only dur-
ing specific allergen seasons), perennial 
(symptoms all year long), or episodic (symptoms 
only upon exposure to a certain allergen, such as 
exposure to a pet occasionally) [5]. Our patient 
would qualify as persistent or perennial with sea-
sonal exacerbations depending on which classifi-
cation terminology is used. His disease would be 

moderate to severe as it negatively affects his 
quality of life.

The pathophysiologic mechanisms in AR can 
be synthesized in the following scenario: sensiti-
zation of the nasal mucosa to a certain allergen 
begins with its breakdown to specific peptides by 
antigen-presenting cells and presentation of the 
specific peptide to co-stimulatory molecules on T 
and B lymphocytes. The release of Th2 cytokines 
by these cells and differentiation of B cells to 
plasma cells promote production of allergen 
peptide- specific IgE antibodies, which then local-
ize to high-affinity IgE receptors (FcER1) on 
mast cells and basophils. Subsequent exposure to 
the relevant allergen leads to recognition and 
cross-linking of specific IgE receptors on mast 
cells and basophils that results in exocytosis of 
preformed and newly formed bioactive mediators 
that result in physiologic responses manifested as 
AR symptoms. The proinflammatory substances 
generated after antigen exposure are largely 
eosinophil-derived enzymes and cellular toxins 
as well as cytokines that promote the allergic 
response (IL-4, IL-13) and eosinophilic inflam-
mation (IL-5). These and other cytokines and 
chemokines are generated in part by lympho-
cytes, which are abundant in resting and allergen- 
stimulated nasal mucosa. Mast cells also have an 
important role in the storage, production, and 
secretion of cytokines. Cytokines upregulate 
adhesion molecules on the vascular endothelium, 
and possibly on marginating leukocytes, leading 
to the migration of these inflammatory cells into 
the site of tissue inflammation. Various cytokines 
also promote the chemotaxis and survival of 
these recruited inflammatory cells, leading to a 
secondary immune response by virtue of their 
capability to promote IgE synthesis by B cells. 
Also important is the nervous system, which 
amplifies the allergic reaction by central and 
peripheral reflexes (orthodromic and antidromic) 
that result in changes at sites distant from those 
of antigen deposition, such as the eye, sinuses, 
and lower airway. These inflammatory changes 
lower the threshold of mucosal responsiveness to 
various specific and nonspecific stimuli, making 
allergic patients more responsive to stimuli to 
which they are exposed every day [6].
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 Diagnosis

The basis of the diagnosis of allergic rhinoconjunc-
tivitis in children is the medical history. The most 
common symptoms of AR are recurrent episodes 
of sneezing, pruritus, rhinorrhea, nasal congestion, 
and watery eyes. Less common symptoms include 
itchy throat, itchy ears, and postnasal drip. The cli-
nician should establish the pattern and timing of 
allergic symptoms as well as assess severity and 
interference with daily activities. Timing of symp-
toms during different seasons, or after exposure to 
certain pets, gives the physician an idea of the 
potential sensitizations of each particular patient. 
Perennial sensitization is a little more difficult to 
detect from history taking, but chronicity of symp-
toms may indicate perennial/persistent AR. History 
should also be elicited about home and school envi-
ronmental exposures, as well as the effectiveness of 
any prior allergy therapy. Allergic children have a 
high likelihood of a history of asthma, eczema, 
chronic sinusitis, and otitis media with effusion [7]. 
Other causes of chronic nasal symptoms are ade-
noid hypertrophy (especially in the younger child) 
and chronic rhinosinusitis (more in the older child). 
In unilateral disease, uncommon causes like unilat-
eral choanal atresia, unnoticed foreign bodies, and 
tumors must be taken into account.

A complete ear, nose, and throat examination 
is required for children suspected of AR. Classic 
findings of AR in children include watery rhinor-
rhea; allergic shiners” (darkening of the lower 
eyelids as a result of suborbital edema); “allergic 
salute” (the upward rubbing of the nose with the 
palm of the hand to relieve nasal itching); “aller-
gic crease” (a transverse white line across the 
nasal bridge caused by the allergic salute); and 
red, watery eyes, a sign of conjunctivitis. Anterior 
rhinoscopy using the largest speculum of the oto-
scope or a nasal speculum is very useful in evalu-
ating the inferior and the middle turbinates. A 
pale nasal mucosal color is often very suggestive, 
though not pathognomonic, of AR, and children 
with allergies typically have clear, thin nasal 
drainage. Nasal endoscopy can also be performed 
in the cooperative and willing child/adolescent. 
This exam allows the appreciation of all the 
changes seen with anterior rhinoscopy and adds a 

thorough evaluation of the middle meatus for 
signs of sinusitis or nasal polyposis, an apprecia-
tion of possible posterior septal abnormalities, 
and a good look at both posterior choanae and 
adenoids. Mouth breathing is a common symp-
tom, especially in children who also have con-
comitant adenoid hypertrophy.

Sensitization can be evaluated by measuring 
specific IgE in the serum or by skin prick tests. 
Both tests are equally reliable but measurement 
of serum-specific IgE is sometimes better toler-
ated in young children (involves only one blood 
draw) and is not affected by medication intake, or 
skin conditions. However, in  vitro testing can 
take 1–2 weeks to obtain results whereas for skin 
testing, in addition to being more sensitive than 
serologic testing, results are readily apparent 
within 15 min. It is important to realize that not 
all patients who have positive skin tests or ele-
vated serum-specific IgE levels are considered to 
have AR. To establish the diagnosis of AR it is 
necessary to exhibit both sensitization and a rel-
evant clinical history of symptoms after exposure 
to the specific allergen.

 Comorbidities

Allergic rhinitis is part of an allergic syndrome 
that also consists of conjunctivitis, asthma, atopic 
dermatitis, and food allergy. The sequential 
development of allergic disease manifestations 
during early childhood is often referred to as the 
atopic march [8]. Children most often develop 
atopic dermatitis and food allergy first and asthma 
and rhinitis later. A number of respiratory and 
airway conditions can affect children with AR. In 
the Pediatric Allergies in America survey, the 
children with nasal allergies were 2.8-fold more 
likely to have headaches, 7-fold more likely to 
have face pain/pressure, 11-fold more likely to 
report sinus problems, and 2.5- to 3-fold more 
likely to snore every day or on most days [1]. 
Furthermore, children with AR were threefold 
more likely to have an asthma diagnosis and four 
times more likely to have had asthma in the last 
12  months compared to their nonallergic 
counterparts.
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Other studies have supported these findings. In 
fact, asthma is far more common in patients with 
AR than in those without, with as many as 50% of 
AR patients having asthma [9]. Sinusitis and rhini-
tis also often coexist and are usually referred to as 
rhinosinusitis. Allergic rhinitis is a risk factor for 
acute rhinosinusitis across all age groups. The 
inflammatory response associated with allergic 
rhinitis contributes to edema and impairment of 
sinus drainage and may be a contributing factor in 
as many as 30% of young adult patients with acute 
rhinosinusitis [10]. Allergic rhinitis also com-
monly coexists with recurrent or chronic rhinosi-
nusitis with 25–84% of patients with rhinosinusitis 
having concomitant allergic rhinitis [11].

Acute otitis media and otitis media with effusion 
(OME) are among the most common problems of 
childhood. A number of clinical studies have evalu-
ated the association between allergic rhinitis and 
OME, with one series demonstrating a 21% preva-
lence of OME in unselected schoolchildren with 
allergic rhinitis [12] and another finding a 50% 
prevalence of allergic rhinitis in children with OME 
[13]. In one study of 209 children with a history of 
chronic or recurrent otitis media who had been 
referred to a multidisciplinary “glue ear/allergy” 
clinic, AR was confirmed in 89%, asthma in 36%, 
and eczema in 24% [14]. Skin tests were positive to 
one or more of eight common inhalant allergens in 
57% of children, and, among those undergoing 
serum testing, peripheral eosinophilia was docu-
mented in 40% and an elevated serum IgE in 28%. 
Although there is a clear possibility of referral bias 
in this specialty population, the high frequency of 
allergy is notable. Furthermore, analysis of middle-
ear effusions and mucosal biopsies from atopic sub-
jects with allergic rhinitis has demonstrated a 
pattern of inflammatory mediators not seen in non-
atopic children, with significantly higher levels of 
eosinophil activity markers, mast cell products, and 
cytokines [15].

A link has also been postulated between ade-
noid hypertrophy and allergy stemming from 
inflammation of the nasal mucosa, which is in 
direct proximity to the adenoids [16]. A study 
found that the incidence of adenoid hypertrophy 
was almost twofold higher in children with aller-
gic disease (AR, bronchial asthma, or atopic der-

matitis) when compared with nonallergic controls 
(40% vs. 22%) [17]. Among those children with 
allergic disease, the incidence of adenoid hyper-
trophy was higher in children with AR, alone or 
coexisting with bronchial asthma (71%), com-
pared with those children who had bronchial 
asthma alone (25%). The authors speculate that 
ongoing nasal inflammation from allergy could 
contribute to adenoid hypertrophy. Patients with 
allergic disorders of the upper airway often have 
significant sleep disturbances. While the mecha-
nisms are not fully understood, congestion in the 
nose is presumed to be a key factor. Several epi-
demiologic studies have shown that AR is a risk 
factor for obstructive sleep apnea syndrome 
(OSAS) in children [18]. In a group of children 
presenting to the sleep laboratory for the evalua-
tion of symptoms of OSAS by polysomnogram, 
36% had positive serum-specific IgE testing. 
Furthermore, a significantly higher proportion of 
allergic children had an abnormal polysomno-
gram (57%) compared to nonallergic children 
(40%) [19]. It is therefore clear from these 
descriptive studies that allergic inflammation of 
the nose seems to be associated with similar 
inflammatory processes in other parts of the 
upper and lower airways. The effects that link 
these disease processes have been speculated to 
be related to multiple mechanisms including 
direct contiguity of the involved organs, systemic 
allergic inflammation, and neural reflexes.

 Management

Management includes education of the patient 
and parent(s), avoidance of allergens and second-
ary tobacco smoke, and pharmacotherapy. A 
stepwise approach is recommended, which 
depends on the severity of the disorder, the 
patient’s preferences and adherence to treatment, 
and the presence of comorbidities such as asthma. 
Although immunotherapy is an effective therapy 
for AR in properly selected subjects it is typically 
reserved for those who have symptoms several 
months out of the year, have incomplete relief 
with maximal pharmacotherapy, or wish to be 
less dependent on pharmacotherapy throughout 
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the year. Regardless of whether allergen immu-
notherapy is implemented, avoidance and phar-
macotherapy are the recommended initial 
therapies for AR.

 Avoidance
Few studies are available on the effect of allergen 
avoidance in children with allergic rhinoconjuncti-
vitis. A Cochrane review on house dust mite avoid-
ance measures for PAR in adults and children 
found that acaricides and extensive bedroom- 
based environmental control programs might 
reduce AR symptoms for some people, but the evi-
dence is not strong [20]. Only two small studies 
examined the effects of avoidance of pet allergens 
in children with allergic rhinoconjunctivitis. One 
found no effect, and the other showed some effect 
for interventions directed towards controlling dust 
mites and pets. It seems prudent to avoid owning a 
pet if the household includes a child with docu-
mented pet allergies. However, as pets are an inte-
gral part of many families, keeping them out of the 
bedrooms and main activity rooms and placing 
HEPA filtration units in these rooms and imperme-
able but breathable encasements over the pillow, 
mattress, and box spring in conjunction with fre-
quent vacuuming if there are carpets have been 
found to reduce indoor animal allergen levels. It is 
also reasonable and inexpensive to avoid uphol-
stered furniture, curtains, and soft toys that tend to 
be reservoirs for indoor animal and dust mite aller-
gens, in the bedroom of an allergic child.

 Antihistamines
Antihistamines block the action of released hista-
mine and are known to effectively control sneez-
ing, itching, rhinorrhea, and eye symptoms. These 
agents are not as effective in helping nasal conges-
tion. First-generation antihistamines (diphenhydr-
amine, hydroxyzine, chlorpheniramine, 
brompheniramine, and clemastine) are lipophilic 
and cross the blood–brain barrier, thus leading to 
the notable side effect of sedation. They also have 
anticholinergic side effects which can lead to dry-
ing of secretions. Indeed in a study evaluating 
learning scores in school children, allergic chil-
dren receiving placebo were found to have lower 
scores than normal nonallergic children, suggest-

ing a deleterious effect of allergic rhinitis on learn-
ing ability [21]. When the allergic children 
received diphenhydramine, loratadine, or placebo 
for 2  weeks, their learning scores became even 
worse than the group on placebo and were signifi-
cantly lower than nonallergic controls when 
receiving diphenhydramine, the sedating antihista-
mine. In contrast, loratadine, a non-sedating agent, 
resulted in an improvement of learning scores 
which were not different from those of the control 
nonallergic group. To avoid such side effects, sec-
ond-generation antihistamines were developed. 
They have reduced or absent anticholinergic side 
effects and do not lead to significant sedation, as 
they do not cross the blood–brain barrier [22, 23]. 
These agents are available in liquid form, and 
many are approved for use in children as young as 
6 months of age. They have relatively rapid absorp-
tion and onset of action (within hours) and the lon-
ger half-life of the second-generation drugs allows 
once-daily administration. Multiple clinical stud-
ies in children have documented efficacy and 
safety of second-generation non-sedating 
H1-antihistamines in AR.

Intranasal H1 antihistamines are also available 
for use in children. An example of these agents is 
azelastine, a phthalazinone derivative, approved 
for the treatment of AR. Its efficacy is compara-
ble to other antihistamines, and it might be more 
effective than oral antihistamines for nasal con-
gestion. It is usually given twice daily, and in the 
original seasonal AR studies was noted to cause 
somnolence which was not consistently found in 
subsequent studies. Taste alteration may occur 
immediately after use with an incidence as high 
as 20%. Olopatadine hydrochloride (0.6%) has 
been shown to be safe and effective for the treat-
ment of SAR and is usually administered twice 
daily. A recent study has shown it to be effective 
for the control of both nasal and ocular symptoms 
in a group of children over age 6 years [24]. The 
incidence of bitter taste in this study ranged from 
3 to 4%. The incidence of somnolence is mini-
mally higher than placebo vehicle.

 Decongestants
Topical as well as systemic decongestants act to 
cause vascular constriction and reduce the nasal 
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blood supply by alpha-adrenergic stimulation. 
Prolonged use of topical decongestant agents can 
lead to rebound nasal congestion, also known as 
rhinitis medicamentosa. Therefore, their use should 
be limited to situations where severe allergic nasal 
congestion precludes the administration of other 
intranasal medications. In these cases, a short 3- to 
5-day course of intranasal decongestants is used in 
conjunction with other intranasal agents (cortico-
steroids, antihistamines) to facilitate access to the 
nasal mucosa. Oral decongestants are less effective 
than their intranasal counterparts. Pseudoephedrine 
hydrochloride and phenylephrine are the most 
commonly used. Pseudoephedrine-containing 
decongestant products are now sold behind the 
counter in US pharmacies because of the use of this 
medication in the illicit manufacture of metham-
phetamine. They are used most frequently in com-
bination preparations with antihistamines 
(pseudoephedrine), or over the counter in cough 
and cold products in combination with analgesics 
and antitussives. Phenylephrine is another over-
the- counter decongestant, also used in combination 
products. A recent meta-analysis showed lack of 
efficacy of phenylephrine on both objective and 
subjective measures of nasal congestion compared 
to placebo [25]. In addition their most common 
side effects are insomnia and irritability which can 
be seen in as many as 25% of patients.

 Anticholinergics
These agents are useful in the control of rhinor-
rhea associated with allergic rhinitis and have no 
therapeutic efficacy on any of the other symp-
toms of the disease. Ipratropium bromide is avail-
able for intranasal administration and lacks the 
systemic effects of atropine. It is used in patients 
with AR who continue to have significant symp-
toms of rhinorrhea despite maximal therapy with 
other agents.

 Cromolyn Sodium
Cromolyn sodium is a mast cell stabilizer and is 
available over the counter as a 4% solution for 
intranasal use in AR.  It has been shown to be 
helpful for sneezing, itching, and rhinorrhea but 
not as effective for nasal obstruction. It does not 
cross the blood–brain barrier and is unlikely to 

cause sedation. It has a short half-life and there-
fore needs to be dosed more frequently. It is noted 
to be very safe in children and pregnant women, 
but the need for frequent dosing reduces compli-
ance and makes this agent less attractive as a 
therapeutic choice.

 Leukotriene Modifiers
Because leukotrienes are generated in AR, the 
effects of inhibitors of the 5-lipoxygenase path-
way and leukotriene receptor antagonists have 
been investigated. By far, the most commonly 
used agent in this category is montelukast which 
is approved in the United States for the treatment 
of seasonal and perennial AR in children as 
young as 6  months of age. Montelukast has 
repeatedly been shown to be more effective than 
placebo and equally effective as antihistamines 
for all ocular and nasal symptoms of allergic rhi-
nitis including congestion, rhinorrhea, and sneez-
ing. Some, but not all, studies examining the 
combination of montelukast with an antihista-
mine (loratadine, desloratadine, cetirizine) have 
shown synergistic benefit [26, 27]. Recent guide-
lines do not recommend the use of leukotriene 
modifiers as routine therapy for allergic rhinitis 
AR but they might have a role in the patient who 
has both AR and asthma [28].

 Intranasal Corticosteroids
Intranasal corticosteroids are considered the most 
effective treatment for AR, based, in large part, 
on their potent anti-inflammatory effects. In natu-
ral exposure as well as nasal allergen challenge 
studies, treatment with intranasal corticosteroids 
inhibit symptoms, mediator release, Th2 cyto-
kine expression, inflammatory cellular influx 
(notably eosinophils) into nasal secretions and 
nasal mucosa, as well as hyperresponsiveness to 
allergen and nonspecific stimuli. These agents 
have been shown to be superior to both antihista-
mines and leukotriene receptor antagonists in the 
control of the symptoms of AR [29, 30]. Most 
guidelines suggest the use of these agents as first 
line in moderate-to-severe AR and even in some 
milder cases. Efficacy begins at 7–8  h after 
administration and starting these agents a few 
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days before the start of the season has been 
recommended.

The principal side effect of intranasal cortico-
steroids is local nasal irritation and epistaxis, 
which occur in 5–10% of patients. Septal perfo-
rations, although rare, have also been reported. 
Whereas oral candidiasis is a commonly reported 
side effect of inhaled corticosteroids used for 
asthma, nasal candidiasis secondary to intranasal 
corticosteroids has not been commonly reported. 
Biopsy specimens from the nasal mucosa of 
patients with perennial allergic rhinitis who had 
been treated with such agents for 1 year showed 
no evidence of atrophy or epithelial injury. In the 
pediatric age group, studies looking at objective 
reproducible measures of growth (stadiometry or 
knemometry) and hypothalamic pituitary axis 
suppression after administration of intranasal 
corticosteroids for periods up to 1 year failed to 
show any adverse effects of the newer agents 
compared to placebo [31, 32]. Studies following 
intraocular pressure in patients on long-term 
intranasal corticosteroids have failed to show a 
significant increase in intraocular pressure or the 
incidence of glaucoma compared to placebo [33]. 
Based on these reassuring results, mometasone 
furoate and fluticasone furoate are approved by 
the FDA for use starting at 2  years of age and 
fluticasone propionate starting at 4 years of age.

Most of the intranasal corticosteroids available 
for clinical use are distributed via aqueous prepa-
rations and some patients find the aftertaste or 
runoff in the form of postnasal drip to be bother-
some, thus reducing compliance and adherence to 
therapy [34]. To this end, two intranasal cortico-
steroids are now available in nonaqueous prepara-
tions. Beclomethasone dipropionate HFA 
(hydrofluoroalkane) and ciclesonide nasal aerosol 
are both delivered via HFA propellant and both 
are approved for use in children ≥12 years of age.

 Systemic Corticosteroids
The role of systemic corticosteroids for treatment 
of AR is limited. Corticosteroid pulses may be 
useful to help wean patients from topical decon-
gestant use in cases of rhinitis medicamentosa. 
They can also be useful in cases of severe nasal 
congestion, given as a 3- to 5-day course, to 

enhance the penetration of concomitantly admin-
istered intranasal corticosteroids.

 Combination Therapy
Despite the efficacy of intranasal corticosteroids, 
several studies in perennial and seasonal allergic 
rhinitis in adults report lack of complete relief of 
symptoms in significant proportions of the sub-
jects studied. In one trial of subjects with PAR 
taking an intranasal corticosteroid, only 63% 
achieved symptom suppression defined as ≥75% 
decrease in total nasal symptoms from baseline 
[35]. When subjects in seasonal allergic rhinitis 
trials were asked to report their overall response 
to therapy at the end of the trials, 33–58% 
reported only mild improvement, no change, or 
worsening in the relief of AR symptoms [36, 37]. 
In an attempt to address this need, combination 
treatments have been used in clinical practice. 
Most recently such a combination consisting of 
fluticasone propionate and azelastine hydrochlo-
ride administered intranasally has been approved 
for clinical use in the United States for patients 
≥12 years of age with seasonal allergic rhinitis. 
To account for the duration of action of the anti-
histamine component, the medication is adminis-
tered twice daily as opposed to the once-daily 
administration used for most intranasal cortico-
steroids. A meta-analysis was performed in three 
trials comparing the combination therapy to each 
of its individual components and placebo, in a 
total of 3398 patients 12  years and older [38]. 
The results showed consistent superior efficacy 
of the combination to placebo and each of the 
individual components. There is insufficient evi-
dence to support adding an oral antihistamine to 
an intranasal corticosteroid if that therapy alone 
is not effective. Thus, recent guidelines recom-
mend the addition of an intranasal antihistamine, 
not an oral preparation, if the need arises [28].

 Case 1 Answers and Commentary

The most obvious diagnosis in the presented 
case is that of allergic rhinitis. The child has 
typical symptoms consistent with sensitization 
to perennial and seasonal allergens, and physi-
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cal exam supports the diagnosis as there was 
no purulent drainage to suggest rhinosinusitis. 
The typical findings of a child with a nasal for-
eign body are unilateral foul smelling nasal 
discharge and a physical exam that shows the 
object.

In this particular instance, AR seems to be at 
least moderate as it affects the child’s quality of 
life. Although a non-sedating antihistamine would 
be a reasonable option, most current evidence 
would support using an intranasal corticosteroid 
for maximal benefit. Leukotriene modifiers are 
not recommended by recent guidelines as first-
line treatment of AR, and cromolyn requires 
administration several times a day reducing com-
pliance [28]. Although oxymetazoline would be 
helpful with nasal congestion, its prolonged use 
as mandated by the child’s consistent symptoms 
would not be justified secondary to concern with 
rhinitis medicamentosa.

As mentioned in the management section 
above, when symptom control is not optimal 
using an intranasal corticosteroid, the best next 
step is addition of an intranasal antihistamine, not 
an oral one. Clearly, if one uses maximal medical 
therapy and still fails to see significant improve-
ment, then other causes of rhinitis and the poten-
tial for rhinosinusitis should be eliminated. Once 
they are, consideration should be given to spe-
cific allergic immunotherapy.

 Case Presentation 2

A 5-year-old female presents to the office with 
complaints of bilateral nasal congestion, postna-
sal drainage, and nighttime cough of 3-month 
duration. The symptoms started with an upper 
respiratory tract infection but never subsided and 
have become ongoing. She has seen her pediatri-
cian, who attempted treatment with an intranasal 
corticosteroid with no improvement. Albuterol 
was administered with only partial relief of the 
cough. On review of systems, she seems to have 
symptoms of AR during the spring season but 
does not usually cough during the season. She has 
exercise-induced bronchoconstriction relieved by 
pre-exercise albuterol inhalation. There is no his-

tory of frequent pneumonias or ear infections. On 
physical exam, she is a healthy young girl in no 
distress. The ears looked normal and the nasal 
exam by anterior rhinoscopy showed congested 
turbinates with red, inflamed mucosa and bilateral 
purulent nasal drainage emanating from the area 
lateral to the middle turbinate. She had evidence 
of postnasal drainage also and small tonsils on 
mouth and throat exam.

The most likely diagnosis in the child presented 
in the scenario above is chronic rhinosinusitis 
(CRS). CRS is defined as the presence of the 
symptoms of discolored nasal discharge and/or 
nasal blockage/obstruction/congestion, combined 
with cough at daytime and nighttime or facial pain 
for at least 12 weeks [39]. The four most common 
clinical symptoms are cough, rhinorrhea, nasal 
congestion, and postnasal drip, with a slightly 
higher predominance of chronic cough [40, 41]. 
Although some of the symptoms above could also 
apply to AR, cough in the absence of asthma and 
gastroesophageal reflux and discolored nasal 
drainage are not prominent in allergic disease and 
sneezing and itching are not common in 
CRS. Because of the close association of the two 
entities, questions on allergic symptoms (i.e., 
sneezing, watery rhinorrhea, nasal itching, and 
itchy watery eyes) should therefore be included 
when taking a history. In a study of children with 
chronic and recurrent rhinosinusitis failing medi-
cal treatment and requiring surgical intervention, 
Cunningham and colleagues showed significant 
impairment of generic quality-of-life measures 
compared to children with other common chronic 
diseases such as asthma, attention-deficit hyperac-
tivity disorder, juvenile rheumatoid arthritis, and 
epilepsy [42].

Although CRS is a commonly encountered 
problem, the exact prevalence in children is dif-
ficult to determine. Many studies that address 
prevalence have been performed in children 
who also have nonspecific upper respiratory 
complaints. In one such study, CT scans were 
obtained in 196 children 3–14 years of age pre-
senting with chronic rhinorrhea, nasal conges-
tion, and cough [43]. Maxillary involvement 
was noted in 63%, ethmoid involvement in 58%, 
and sphenoidal sinus involvement in 29% of the 
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children of the youngest age groups, and the 
incidence of  abnormalities decreased in the 13- 
to 14-year-old age group. In a prospective study, 
all new patients (ages 2–18 years) presenting to 
two allergy practices with upper respiratory 
tract symptoms for at least 3 months were inves-
tigated with a CT scan [44]. In 91 eligible 
patients, 63% had CRS with clinical signs and 
positive CT findings, and 36% had no sinus dis-
ease. Age was the single most important risk 
factor associated with chronic sinusitis, with 
73% of 2–6-year-olds, and 74% of 6–10-year-
olds having sinus CT abnormalities as opposed 
to the low incidence of only 38% detected in 
children over 10 years of age. There is evidence 
to suggest that children with a family history of 
atopy or asthma who attend daycare in the first 
year of life have 2.2 times higher odds of having 
doctor-diagnosed sinusitis than children who do 
not attend daycare [45].

 Pathogenesis of CRS in Children

 Anatomical Factors
Similar to adults, the ostiomeatal complex 
(OMC) is believed to be the critical anatomic 
structure in rhinosinusitis and is entirely present, 
though not at full size, in newborns. Studies in 
children and adults suggest that despite the com-
mon occurrence of anatomical variations such as 
pneumatized middle turbinate, Haller cell, and 
agger nasi cell, these do not seem to correlate 
with the degree and existence of CRS and most 
likely do not play a role in the pathophysiology 
of CRS [46].

 Bacteriology
The pathogens in CRS are difficult to identify 
due to low bacterial concentration rates and 
inconsistent data, and because most cultures are 
obtained at the time of surgery after patients have 
had antibiotic therapy. The most common bacte-
rial species recovered during surgery are alpha- 
hemolytic streptococci, S. pneumoniae, H. 
influenza, M. catarrhalis, and Staphylococcus 
aureus [47]. Anaerobic organisms are grown 
from <10% of specimens [48].

 Biofilms
Biofilms are complex aggregations of bacteria 
distinguished by a protective and adhesive matrix. 
It is hypothesized that biofilms may provide a 
reservoir for bacteria and may be responsible for 
the resistance to antibiotics seen in patients with 
CRS.  Sanclement and colleagues demonstrated 
the presence of biofilms in 80% of sinus surgical 
specimens obtained from a mixed adult/pediatric 
population [49]. More research is needed to 
clearly characterize the contribution of biofilms 
to the pathophysiology of CRS in children.

 The Role of Adenoids
The adenoids are in close proximity to the parana-
sal sinuses. When comparing middle meatal swabs 
and adenoid core cultures in children with hyper-
trophied adenoids and chronic or recurrent sinus-
itis, very similar bacteria can be found in both 
locations suggesting that the bacterial reservoir in 
the adenoids mirrors the bacteriology isolated 
close to the paranasal sinuses in children [50]. 
Zuliani et  al. found that a large percentage (88–
99%) of the mucosal surface area of adenoidec-
tomy specimens from children with CRS was 
covered with a dense biofilm, compared to a much 
more modest percentage (0–6.5%) of specimen 
surface area in the adenoids of patients with 
obstructive sleep apnea [51]. These studies help 
explain the reported efficacy of adenoidectomy in 
resolving the symptoms in a proportion of children 
with CRS (see below). Other studies suggest a role 
for the adenoids in patients with CRS, both from a 
bacteriologic and immunologic perspective. Most 
of these studies however do not really shed light on 
the relative contribution of adenoiditis proper vs. 
CRS in chronic nasal symptomatology in children. 
Furthermore, the success of adenoidectomy in 
patients with CRS could be related to improve-
ment of adenoiditis proper (which has identical 
symptoms to that of CRS) or a beneficial effect by 
eliminating the nasopharyngeal bacterial reservoir 
on sinus disease proper.

 Cellular Studies
Studies of the cellular response in younger chil-
dren with CRS showed that pediatric maxillary 
sinus mucosa had more neutrophils and 
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 significantly more lymphocytes than adult mucosa, 
but fewer eosinophils and major basic protein- 
positive cells, with less epithelial disruption and 
less basement membrane thickening [52].

 Comorbidities

Interdisciplinary specialty consultations are useful 
in evaluating the pediatric patient with medically 
refractory CRS and may include allergy-immunol-
ogy, infectious disease, gastroenterology, pulmo-
nary, or genetics to aid in further workup.

 Allergic Rhinitis
Although there are several small studies suggest-
ing a positive relationship between CRS and AR 
based on associations between positive CT scans 
and allergy testing [53, 54], two recent studies 
looking at large numbers of children with chronic 
respiratory complaints or an ICD9 diagnosis of 
CRS suggest no difference in prevalence of AR in 
patients with CRS compared to the general popu-
lation [55, 56]. Thus, the causal relationship 
between allergies and CRS in children remains 
controversial. When symptoms of AR are promi-
nent, allergy testing should be considered in the 
older child.

 Asthma
Asthma is another disease that is commonly 
associated with CRS in the pediatric age group. 
However, most available studies exploring this 
relationship have limitations which include the 
lack of good controls, lack of objective documen-
tation of asthma, or randomization to different 
treatment modalities; therefore, the relationship 
between CRS and asthma in children remains 
largely descriptive.

 Gastroesophageal Reflux Disease 
(GERD)
Gastroesophageal reflux disease has also been asso-
ciated with rhinosinusitis in several studies [57, 58]. 
A retrospective study that lacked a placebo control 
showed that treatment for GERD in patients with 
CRS allowed many patients to improve and avoid 
surgery [59]. However, routine anti-reflux treatment 

of children with CRS is not warranted, as additional 
controlled studies are required to confirm and vali-
date this association [60].

 Immunodeficiency
Several small studies have demonstrated various 
abnormalities in humoral immune function 
including low IgG subclasses, low IgA, and 
poor response to pneumococcal antigens in 
varying proportions of the patients [61–63]. It 
therefore seems prudent to evaluate immune 
function in the child with chronic/recurrent rhi-
nosinusitis with immunoglobulin isotype quan-
titation and titers to tetanus, diphtheria, and 
pneumococcus. If responses are abnormal, a 
repeat set of titers post-pneumococcal vaccina-
tion is appropriate.

 Primary Ciliary Dyskinesia
The most common cause of ciliary dysfunction is 
primary ciliary dyskinesia (PCD) , an autosomal 
recessive disorder involving dysfunction of cilia, 
which affects 1 of 15,000 individuals [64]. 
Approximately 50% of children with PCD also 
have Kartagener’s syndrome (situs inversus, 
bronchiectasis, and CRS). The diagnosis should 
be suspected in a child with atypical asthma, 
bronchiectasis, chronic wet cough and mucus 
production, chronic rhinosinusitis, and severe 
otitis media [39]. Specific diagnosis may require 
evaluation at a specialized center that can per-
form examination of cilia in mucosal biopsies by 
light and electron microscopy.

 Cystic Fibrosis
Cystic fibrosis (CF) is an autosomal recessive 
disease caused by mutations in the CFTR gene. 
The incidence of CF is approximately 1 in 3500 
newborns. Disruption in cAMP-mediated chlo-
ride secretion in epithelial cells and exocrine 
glands leads to increased viscosity of secretions 
resulting in bronchiectasis, pancreatic insuffi-
ciency, CRS, and nasal polyposis. CF is one of 
the few causes of nasal polyposis in children, 
with polyps occurring in 7–50%, and the preva-
lence of chronic sinusitis is very high. In CF, the 
histology of nasal polyposis is largely neutro-
philic, in contrast to nasal polyposis associated 
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with CRS, which has more prominent eosino-
philic infiltrates.

 Clinical Evaluation

A complete physical exam should follow a care-
ful medical and family history. The nasal exam in 
children should begin with anterior rhinoscopy 
and examination of the middle meatus and the 
inferior turbinates, noting the mucosal character 
and the presence of purulent drainage. This is 
often feasible in younger children using the oto-
scope fitted with the largest speculum. Topical 
decongestion may improve the view but may not 
always be tolerated in younger children.

Nasal endoscopy which will allow superior 
visualization of the middle meatus, adenoid bed, 
and nasopharynx is strongly recommended in 
children who are able to tolerate the examination. 
An oral cavity exam may reveal purulent drain-
age, cobblestoning of the posterior pharyngeal 
wall, or tonsillar hypertrophy. The finding of 
nasal polyps in children is unusual and, if seen on 
exam, should raise suspicion for cystic fibrosis or 
allergic fungal sinusitis. Obviously, antrochoanal 
polyps occur in children but those are usually 
unilateral and the rest of the sinuses are clear, 
which would help differentiate that entity from 
bilateral nasal polyposis with or without CF.

Following the history and physical examina-
tion, appropriate diagnostic tests should be con-
sidered including allergy testing, immunologic 
evaluation, and ciliary assessment if indicated.

 Imaging
While the diagnosis of CRS in the pediatric popu-
lation is generally made on clinical grounds, if 
imaging is necessary, computed tomography (CT) 
is the modality of choice. Findings on plain radio-
graphs have been shown not to correlate well with 
those from CT scans in the context of chronic/
recurrent sinus disease. In uncomplicated CRS, 
scanning is reserved to evaluate for residual disease 
and anatomic abnormalities after maximal medical 
therapy proves ineffective. Abnormalities in the CT 
scan are assessed in the context of their severity and 
correlation with the clinical picture and guide the 

plan for further management, which might include 
surgical intervention. In children with the clinical 
diagnosis of rhinosinusitis, the most commonly 
involved sinus is the maxillary sinus (99%) fol-
lowed by the ethmoid sinus (91%). Using the 
Lund-Mackay system (a commonly used CT stag-
ing system that quantitates sinus disease based on 
opacification of the sinuses and occlusion of the 
osteomeatal units and generates a score range from 
zero for normal paranasal sinuses to 24 for pansi-
nus opacification and occlusion of the ostiomeatal 
units) a cutoff score for diseased vs. non-diseased 
patients of five offers a sensitivity and specificity of 
86% and 85%, respectively, in making an appropri-
ate diagnosis [65]. Lund scores of two or less have 
an excellent negative predictive value, whereas 
scores of five or more have an excellent positive 
predictive value. CT scans provide an anatomic 
road map for surgical treatment and are also useful 
for identifying areas of bony erosion or attenuation. 
Magnetic resonance (MR) imaging of the sinuses, 
orbits, and brain should be performed whenever 
complications of rhinosinusitis are suspected or 
invasive disease leads to changes in proximity of 
the brain and the orbit. As mentioned above, the 
diagnosis of CRS is made primarily on clinical 
grounds and CT scans are only obtained after fail-
ure of maximal medical therapy or in special cir-
cumstances. Repeated CT scanning in children is 
avoided to minimize the risk of radiation.

Physical exam and history alone do not help in 
differentiating between adenoiditis and CRS, 
especially in the younger child. As detailed 
above, a high Lund-Mackay score on the CT scan 
(>5) might be more suggestive of CRS than ade-
noiditis but further studies are clearly required to 
help distinguish these two entities.

 Medical Treatment of Chronic 
Rhinosinusitis in Children

 Nasal Corticosteroids
There are no randomized controlled trials evalu-
ating the effect of intranasal corticosteroids in 
children with CRS. However the combination of 
proven efficacy of intranasal corticosteroids in 
CRS with and without nasal polyps in adults and 
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proven efficacy and safety of intranasal cortico-
steroids in AR in children makes intranasal corti-
costeroid the first line of treatment in CRS with 
or without nasal polyps [39].

 Antibiotics
Despite the absence of randomized controlled 
studies evaluating the role of antibiotics and 
treatment duration in patients with pediatric 
CRS, the use of antibiotics for this disease is 
widespread. The published guidelines also vary 
in their recommendations as the EPOS (European 
Position Paper on Rhinosinusitis and Nasal 
Polyps) document does not recommend antibiot-
ics, whereas the American Academy of 
Otolaryngology-Head and Neck Surgery consen-
sus statement endorses a 21-day course of antibi-
otics [39, 60]. The choice of antibiotics hinges on 
coverage of the typical flora in upper respiratory 
tract infections and includes amoxicillin- 
clavulanate, third-generation cephalosporins, and 
clindamycin in cases of significant drug allergies 
to the prior two choices. It is difficult to ascertain 
whether what is actually being treated is CRS or 
acute exacerbations on top of preexisting chronic 
disease. Intravenous antibiotic therapy for CRS 
resistant to maximal medical treatment has been 
studied as an alternative to endoscopic sinus sur-
gery. In retrospective studies intravenous antibi-
otics have been claimed to be successful in the 
treatment of CRS usually in combination with 
other treatments such as irrigation/aspiration of 
the sinus and adenoidectomy. Study design issues 
and considerable side effects of this treatment do 
not justify the use of intravenous antibiotics alone 
for the treatment of CRS in children.

 Nasal Saline Irrigation
A Cochrane review analyzed randomized con-
trolled trials in which saline was evaluated in com-
parison with either no treatment, a placebo, as an 
adjunct to other treatments, or against other treat-
ments [66]. A total of eight trials satisfied inclusion 
criteria of which three were conducted in children. 
Overall there was evidence that saline is beneficial 
in the treatment of the symptoms of CRS when 
used as the sole modality of treatment. A well-con-
ducted randomized controlled trial in children with 

quality-of-life measures and CT scan severity eval-
uated before and after nasal saline irrigation with 
and without gentamicin showed benefit of this 
therapy irrespective of the presence of the antibi-
otic as part of the irrigation [67]. Therefore, saline 
irrigation (without antibiotics) is now part of the 
routine care for children with CRS.

 Surgery for Chronic Rhinosinusitis 
in Children

Surgical intervention for rhinosinusitis is usually 
considered for patients with CRS (confirmed by 
CT imaging) who have failed maximal medical 
therapy. This is hard to define but usually includes 
a course of antibiotics, nasal saline irrigation, and 
intranasal and/or systemic corticosteroids. 
Adenoidectomy with or without antral irrigation 
and balloon sinus dilation and functional endo-
scopic sinus surgery (FESS) are the most com-
monly used modalities.

 Adenoidectomy
The rationale behind removal of the adenoids in 
patients with CRS stems from the hypothesis that 
the adenoids are a nasopharyngeal bacterial res-
ervoir and the possibility that many of the symp-
toms might be related to adenoiditis proper. The 
benefit of adenoidectomy alone in the treatment 
of children with CRS was recently evaluated by a 
meta-analysis [68]. All studies in the meta- 
analysis showed that sinusitis symptoms or out-
comes improved in 50% or more of patients after 
adenoidectomy. The summary estimate of the 
proportion of patients who significantly improved 
after adenoidectomy was 69.3%. In a more recent 
report, Ramadan and colleagues evaluated the 
hypothesis that CT score can better differentiate 
between CRS proper and adenoiditis [69]. They 
therefore retrospectively reviewed their experi-
ence with success of adenoidectomy in CRS 
based on severity of disease on the CT scan. They 
show that the patients with the lower Lund- 
Mackay score on CT scan (<5) which would be 
more likely to suggest adenoiditis as the etiology 
of the symptoms had a better success rate after 
adenoidectomy (65%) compared to the children 
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whose CT scores were >5 indicating true sinus 
disease where the success rate was only 43%.

 Maxillary Antral Irrigation
Maxillary antral irrigation is frequently performed 
in conjunction with adenoidectomy. It has been 
suggested that antral irrigation adds to the effi-
cacy of adenoidectomy [70]. Balloon sinuplasty 
was approved by the FDA for use in children in 
the United States in 2006, and a preliminary study 
in children has shown the procedure to be safe and 
feasible when addressing the maxillary sinus. 
Whether or not balloon maxillary sinuplasty 
imparts additional benefit to irrigation alone, or in 
combination with adenoidectomy, cannot be 
established with available data to date.

 Functional Endoscopic Sinus Surgery
A meta-analysis of FESS results in the pediatric 
population has shown that this surgical modality 
is effective in reducing symptoms with an 88% 
success rate and a low complication rate [71]. 
Initial concerns about possible adverse effects of 
FESS on facial growth have been allayed by a 
long-term follow-up study by Bothwell and col-
leagues that showed no impact of FESS on quali-
tative and quantitative parameters of pediatric 
facial growth, evaluated up to 10 years postoper-
atively [72]. Many advocate a limited approach 
to FESS in children consisting of removal of any 
obvious obstruction (such as polyps and concha 
bullosa), as well as anterior bulla ethmoidectomy 
and maxillary antrostomy.

 Case 2 Answers and Commentary

The child in this clinical scenario, as opposed to 
the one described in case 1, has postnasal drain-
age and coughing for 3  months or longer and, 
most importantly, has purulent drainage on nasal 
examination. These findings are strongly sugges-
tive of chronic rhinosinusitis. As mentioned 
above, nasal foreign body typically presents as 
short-lasting unilateral foul-smelling nasal drain-
age. Foreign-body aspiration is usually preceded 
by a choking event and will not include nasal 

symptoms or findings as part of the cough clini-
cal presentation.

Current best practice for CRS in children 
includes a course of antibiotics, nasal saline 
rinses, and intranasal corticosteroids. There is 
no data to support the use of antihistamines or 
leukotriene modifiers. As the presentation 
does not seem to include any imminent acute 
complications such as a periorbital abscess or 
a brain abscess, immediate CT scanning is not 
recommended and is best reserved to evaluate 
for persistent/residual disease after maximal 
medical therapy. The surgical options men-
tioned are appropriate but would be reserved 
for cases that fail maximal medical therapy 
and showed evidence of disease on CT after 
therapy.

As mentioned above CT scan without contrast 
is the procedure of choice to evaluate the parana-
sal sinuses radiographically. It should be per-
formed if there are persistent symptoms after 
medical therapy to evaluate the need for possible 
surgical intervention. Intravenous antibiotics 
have not been found to be beneficial in these 
cases unless there are concerns about acute com-
plications involving the orbit or brain. CT with 
contrast is useful when evaluating for a possible 
orbital abscess as it helps delineate abscess cavi-
ties which will be characterized by central 
lucency surrounded by rim enhancement. MRI of 
the sinuses is not the standard radiographic 
modality to evaluate the paranasal sinuses but is 
very useful in cases of concern with extension of 
the sinus process to the brain. Finally, imaging is 
a minimal requirement before considering any 
surgical options.
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Allergic Rhinoconjunctivitis

Leonard Bielory and Preeti Wagle

 Case Presentation 1

A 35-year-old male patient was referred to the 
allergist with persistent asthma, atopic dermati-
tis, rhinitis, and chronic conjunctivitis. The 
patient complains of symptoms related to eyes 
that include soreness and excessive tearing, 
which have been getting progressively worse 
over the last 10  years: yellowish mucoid dis-
charge upon wakening for the last 5  years and 
photophobia for the last 9  months. In addition, 
for the past 6 months, he has had increased ocular 
discomfort, has started to squint constantly, and 
has had mild blurring of vision and worsening 
sensitivity to light without pain. He has been 
treated for these symptoms by many ophthalmol-
ogists over the years and has been prescribed 
various eye drops and oral medications. The 
patient’s ophthalmologist noted increased curva-
ture of the left cornea with mild keratitis.

His allergic rhinitis has been treated for the 
past several years with an intranasal corticoste-
roid. He chronically uses oral over-the-counter 
second-generation H1-antihistamines to control 
his sneezing.

The patient’s asthma has been well controlled 
with an inhaled corticosteroid/long-acting beta- 
agonist therapy. He has had multiple courses of 
oral corticosteroids, but was never admitted to 
the hospital.

His atopic dermatitis is being treated with topi-
cally applied tacrolimus cream, and his symptoms 
of itching, redness, and scaling are under control.

His current medications include systemic pred-
nisone (60 mg daily), topically applied (skin) tacro-
limus cream, and triamcinolone. He also uses 
Lotemax™ (loteprednol), Alrex™ (loteprednol), 
and Vigamox™ (moxifloxacin) eye drops in the 
right eye four times daily; Restasis™ (cyclospo-
rine) in the left eye twice daily; and Celluvisc™ 
(carboxymethylcellulose) in both eyes as needed.

His family history is significant for his father 
having had a myocardial infarction and colorectal 
cancer and his mother having ovarian cancer.

The patient works as an administrator of an 
international accounting firm. His job requires 
extensive use of computer work in excess of 10 h 
per day. He was stationed in the Middle East for 
the past 7 years and just relocated to the United 
States. While in the Middle East he experienced 
seasonal exacerbations of chronic red eyes, tear-
ing, droopy upper eyelids at times with a glassy 
appearance, as well as nasal congestion and a 
runny nose that never completely resolved.

The patient is a nonsmoker and occasionally 
drinks alcohol. He has also been a contact lens 
wearer for the last 20 years.
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He is allergic to Dovonex™ (calcipotriol), a 
synthetic derivative of vitamin D cream, and has 
a history of intolerance to systemic cyclosporine 
(hypertension and nephropathy).

On physical examination, there is redness and 
swelling present around both eyes and cheeks, 
with increased creases below his eyes and a pecu-
liar absence of the lateral eyebrows with eyelids 
that are slightly asymmetrical. There is thicken-
ing of both lids with redness, fissuring, and swell-
ing. There are diffuse fine areas of pinhead-shaped 
and -sized lesions of the upper and lower tarsal 
conjunctiva, diffuse multiple blood vessels and 
increased thickness of the clear portions of the 
conjunctiva, and a white stringy semisolid thread 
of white mucus in the inferior fornix. The upper 
right eyelid touches the iris, with the left upper 
eyelid touching the pupil.

 Discussion

The patient has extensive atopic conditions 
affecting the nose, skin, and lungs that are com-
monly treated by the allergists. However, with the 
assistance of the ophthalmologists it is apparent 
that the patient also has ocular involvement of his 
atopic condition, consistent with the diagnosis of 
atopic keratoconjunctivitis (AKC) with 
keratoconus.

Atopic keratoconjunctivitis (AKC) is a 
chronic allergic ocular disease that occurs most 
often in patients with a history of atopic dermati-
tis. The exact prevalence is unknown, but appears 
to be present to some degree in 5% of the atopic 
dermatitis patients. Thus, AKC is a relatively 
common disorder with varying degrees of sever-
ity. Its severity can be highly asymmetric even 
though the involvement in this case is bilateral. 
The periocular skin demonstrated scaling of the 
upper and lower eyelids with induration of the 
lower eyelid from the chronic allergic response 
and the topical application of a preservative- 
based ophthalmic medication resulting in chronic 
blepharoconjunctivitis.

Ocular allergy (OA) or AC (allergic conjuncti-
vitis) is a term that refers to a collection of disor-
ders that affect the eyelid and conjunctiva. The 

IgE-mast cell and non-IgE-mediated hypersensi-
tivity disorders include seasonal and perennial 
allergic conjunctivitis (SAC and PAC), vernal and 
atopic keratoconjunctivitis (VKC and AKC), and 
blepharoconjunctivitis (contact and other vari-
ants) [1]. The use of in  vivo and in  vitro tests 
assists in identifying the specific allergic 
trigger(s). Although clinical characteristics sup-
port the diagnosis of OA, errors in the final diag-
nosis are not uncommon due to changing features 
of the initial or chronic presentations and the 
overlap with pseudo-allergic forms that present 
with clinical manifestations similar to allergy but 
with a nonallergic equivocal pathogenesis. Ocular 
allergy is easily mimicked and often overlaps 
other anterior ocular surface disorders including 
tear film dysfunction, blepharitis, infections, and 
toxic and mechanical forms of conjunctivitis.

Keratoconus is a disease in which the shape of 
the cornea is progressively distorted. The cornea 
becomes thin and steep and protrudes anteriorly. 
The nature of the protrusion may be complete 
(oval or globus keratoconus) or localized to the 
center of the cornea (nipple cone). This results in 
progressive myopia, astigmatism, and increasing 
requirement for myopic spectacle prescriptions 
as the condition progresses. There is also intoler-
ance to wearing contact lens as they sometimes 
fall off or get dislodged.

 Management

The treatment choices for AKC include:

 1. High-dose systemic corticosteroid therapy
 2. Systemic tacrolimus 4 mg/day
 3. Intravenous Zenapax (daclizumab), 75  mg/

infusion (determined by his weight)

In the past, management of acute and more 
chronic forms of ocular allergy has focused on 
symptomatic relief, but with a better 
 understanding of the mechanisms involved thera-
peutic strategies are now more focused [2].

The treatment of severe AKC involving the 
cornea should include involvement of an allergist 
working in conjunction with an ophthalmologist. 
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The identification of the allergenic triggers and 
education about avoidance of triggers are impor-
tant aspects in the management of atopic disor-
ders. The triggering antigen may be identified in 
patients by skin or serum-specific IgE testing 
against a panel of commonly occurring seasonal 
and perennial allergens.

Tacrolimus is an immunosuppressive drug 
(calcineurin inhibitor) used after organ trans-
plants to prevent rejection. Severe AKC may be 
refractory to topical treatment and in these 
patients low-dose systemic tacrolimus may be 
used. However, the patient will need to be moni-
tored for side effects such as infection, hyperten-
sion, and nephrotoxicity. In addition to systemic 
tacrolimus, tacrolimus ointment may be used to 
treat eyelid eczema in AKC patients [3].

Daclizumab is an immunosuppressive, human-
ized IgG monoclonal antibody produced by recom-
binant DNA technology that binds specifically to 
the alpha subunit (~55 alpha, CD25, or Tat subunit) 
of the human high-affinity interleukin- 2 (IL-2) 
receptor that is expressed on the surface of acti-
vated lymphocytes. Daclizumab, approved for 
relapsing multiple sclerosis and administered 
150 mg subcutaneously monthly, has shown to be 
effective for AKC in reducing concomitant immu-
nosuppressive medications, stabilizing visual acu-
ity, and preventing uveitic flares [4].

The patient’s current medications include 
prednisone, the side effects of which include pos-
terior subcapsular cataracts. Because one of the 
associated causes of ocular morbidity in patients 
with AKC is a high incidence of cataracts (mostly 
anterior or posterior subcapsular), the patient 
should be monitored for this complication [5].

 Case Presentation 2

The patient is a 27-year-old female who has been 
referred to the allergist for nasal and ocular com-
plaints of tearing, redness and burning sensation, 
rhinorrhea, and nasal congestion. She complained 
of redness and burning of both eyes for the past 
6 months that has progressed to increased bilat-
eral tearing for the last month. When further 
questioned she also admitted to bilateral foreign- 
body sensation and itching. She says that her 

ocular symptoms seem to increase as the day pro-
gresses. She stated that nasal congestion and 
sneezing developed in a seasonal pattern several 
years ago, for which oral antihistamines had been 
used with decreasing impact. She has maintained 
their use, but was also instructed to use an intra-
nasal corticosteroid over the past year. She was 
told that it would help both her nasal complaints 
(especially nasal congestion) and eye symptoms. 
The patient has had skin prick testing performed 
5 years ago after moving from Colorado to New 
Jersey that was positive for grass and tree pollens, 
dust mite, and cat allergens.

Her past medical history was remarkable for a 
laparoscopic appendectomy 8 years ago. Her cur-
rent medications include cetirizine 10 mg daily 
and diphenhydramine 25  mg as needed which 
usually amounts to 2–3 times a week, at night, 
during the spring and summer. She is also taking 
Yaz, a combined oral contraceptive pill, daily for 
the last 4 years.

Her family history is significant for multiple 
pollen allergies in her mother and sister, whose 
symptoms are greatest between May and June as 
well as diabetes and hypertension in her father.

The patient is a nonsmoker and doesn’t drink 
alcohol. She is married for 2 years and her hus-
band smokes one pack of cigarettes daily indoors 
at home and while in the car. The patient works as 
a flight attendant; she used to fly on a domestic 
airline, but has recently switched to flying from 
New York to London. She notes that her ocular 
symptoms have worsened since working on lon-
ger flights. The patient previously lived in Denver, 
but moved to northern New Jersey 6 years ago. 
The patient was not diagnosed as being allergic 
to grass pollen until she moved to New Jersey. 
She has been wearing contact lenses 4–5 times a 
week for the past 13 years.

The patient has a history of a penicillin allergy 
since the age of 4 during which time she was 
treated with oral amoxicillin for acute otitis 
media and subsequently developed “hives” and 
pruritus within several hours of taking the first 
dose. Subsequently, skin testing to penicillin was 
performed by an allergist, which was positive.

Physical examination revealed redness and a 
stringy discharge in both eyes. There was mild 
inflammation of the lids bilaterally. Schirmer’s 
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test showed 9 mm of moisture after 5 min in both 
eyes. Fluorescein stained the cornea in numerous 
punctate regions. The nasal mucosa was bluish 
grey in color without evidence of swelling. Mild 
discharge was seen which was clear and watery. 
Palpation of the paranasal sinuses produced no 
pain. The oral mucosa was moist and otherwise 
unremarkable.

 Discussion

A diagnosis of dry eye syndrome was made based 
on both the patient’s symptoms of burning, itch-
ing, and foreign-body sensation and the physical 
exam which showed discharge, an abnormal 
Schirmer’s test, and staining of the cornea with 
fluorescein.

Dry eye syndrome (DES) is a syndrome in 
which there is a decreased or absent production 
of tear film. Patients suffer from symptoms such 
as dryness, itching, redness, and a burning sensa-
tion of the eyes.

There is a significant overlap of symptoms 
between dry eye syndrome and seasonal allergic 
conjunctivitis. In patients with significant itchi-
ness, there is a high probability that they also 
have dryness and redness, and the converse is 
also true. As seen in this patient, it is more com-
mon to start with allergic conjunctivitis (AC) and 
subsequently develop DES which can be exacer-
bated by the use of oral antihistamines [6]. Dry 
eye syndrome is also seen as part of the develop-
ment of chronic forms of anterior surface disor-
ders including ocular allergies [7].

The patient is currently taking both cetirizine 
and diphenhydramine, both of which are antihis-
tamines, the first line of treatment in allergic rhi-
noconjunctivitis. However, studies have shown 
that these drugs also create problems with exces-
sive drying, including the eyes. It appears that all 
antihistaminic drugs can cause abnormalities in 
tear film composition with the older formulations 
(e.g., first-generation H1-antagonists) having the 
greater anticholinergic activity [8].

Hormonal changes are also associated with vari-
ous forms of ocular surface disorders. Oral contra-
ceptives especially in those patients wearing contact 

lenses have been shown to be twice as likely to 
develop symptoms of dry eye as those patients who 
were not taking oral contraceptives [9].

Several environmental factors that are known 
to aggravate anterior surface disorders include 
cigarette smoke in her home [10], chronic use of 
extended-wear contact lenses, and occupational 
issues such as working as a flight attendant due to 
excessive dry airplane cabin air [11].

 Management

Treatment choices for this patient include eye 
lubricants, lifitegrast, and cyclosporine. The 
treatment of DES begins with eye lubricants. 
Guar-based lubricants improve tear film stability. 
These formulas contain substances such as pro-
pylene glycol, hydroxypropylguar, borate, and 
sorbitol, as well as mineral oil and a phospholipid 
surfactant, that create an artificial lipid layer over 
the aqueous component of the tear film [12].

Lifitegrast, marketed as Xiidra™, is another 
drug being used for treatment of dry eye. It is an 
antagonist of lymphocyte function-associated 
antigen-1 that binds to intracellular adhesion 
molecule 1 (ICAM-1), which is overexpressed in 
dry eye, thereby potently inhibiting T-cell activa-
tion, adhesion, migration, proliferation, and cyto-
kine release. It has been shown in trials to 
improve dryness and ocular discomfort. However, 
there was no difference in clinical findings such 
as light sensitivity and foreign-body sensation or 
tear breakup time. There was also no statistical 
difference in the Schirmer’s test. Adverse effects 
include eye irritation and blurred vision [7, 13].

Restasis™, or cyclosporine, has been long 
recognized for its use in dry eye syndrome. It is 
an inhibitor of T-cell activation and has been 
shown to decrease activated T-cells. It also pre-
vents the release of various cytokines. 
Cyclosporine emulsion has been shown in stud-
ies to increase goblet cell density and production 
of the immunoregulatory factor TGF-beta 2  in 
the bulbar conjunctiva [14].

Table 16.1 shows the signs and symptoms to 
be used in the differential diagnosis of ocular 
allergy. Conjunctival redness is seen with various 
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AKC VKC SAC PAC GPC CBC VC BC
Dry Sjögren’s

KCS
Eye Syndrome

Conjunctival

redness

Photophobia

Conjunctival

giant papillae

Limbal

inflammation

Chemosis

Mucoid

discharge

Watery

discharge/

Tearing

Lid eczema

Itching

Burning - -

Blepharitis

Conjunctival

papillae

Conjunctival

follicles

Superficial

punctate

keratopathy,

corneal

scars,

pannus

Corneal

shield ulcer

or plaque

Pain

Nasal

Symptoms

Dry oral
mucosa

Foreign
body
sensation

Symptoms present

Symptoms especially present

Symptoms may or may not be present

Symptoms are severe

Table 16.1 Differential diagnosis of ocular allergy

Abbreviations: AKC atopic keratoconjunctivitis, VKC vernal keratoconjunctivitis, SAC seasonal allergic 
conjunctivitis, PAC perennial allergic conjunctivitis, GPC giant papillary conjunctivitis, CBC contact 
blepharoconjunctivitis, VC viral conjunctivitis, BC bacterial conjunctivitis, KCS keratoconjunctivitis sicca
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intensities in all types of anterior surface disor-
ders. Clinical features such as mucoid discharge, 
conjunctival giant papillae, limbal inflammation, 
lid eczema, superficial punctate keratopathy, cor-
neal scars, pannus, corneal shield ulcer or plaque, 
and pain can assist in further differentiating more 
chronic forms of ocular allergy (e.g., AKC and 
VKC) versus milder acute forms such as SAC 
and PAC.  When making a diagnosis between 
AKC and VKC, blepharitis and burning are more 
commonly seen in AKC than VKC.

Dry eye syndrome can be differentiated from 
Sjögren’s syndrome and keratoconjunctivitis 
sicca by the severity of symptoms. Patients with 
non-Sjögren’s aqueous tear deficiency do not 
have symptoms as severe as those with Sjögren’s 
syndrome [15]. Watery discharge is seen in some 
forms of dry eye syndrome due to increased 
reflex tearing, but in Sjögren’s syndrome and 
keratoconjunctivitis sicca associated with fibrosis 
of the lacrimal glands severe dryness ensues. 
Itching is seen in dry eye syndromes, but not seen 
in Sjögren’s or keratoconjunctivitis sicca. Dry 
eye syndrome also needs to be differentiated 
from allergic conjunctivitis as there is significant 
overlap between the two conditions. Although 
conjunctival redness, itching, foreign-body sen-
sation, and discharge are seen in both conditions, 
chemosis is not commonly seen in dry eye syn-
drome, but is seen in allergic conjunctivitis. Nasal 
symptoms are seen in 90% of patients with aller-
gic conjunctivitis and not in DES.
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Rhinitis and Obstructive Sleep 
Apnea

Reece Jones, Geetika Sabharwal, 
and Timothy Craig

 Case Presentation 1

MS is a 20-year-old female who presents to your 
office for evaluation of nasal congestion and 
fatigue. Her chief complaint for today’s 
 appointmentis “I can’t breathe through my nose, 
and I am tired all the time.” Her symptoms began 
shortly after starting work at the local restaurant 
where she has worked for the past 2 years since 
moving from her parents’ home in San Diego, 
CA.  Her main complaints are nasal congestion, 
especially during the night, and daytime 
 somnolence, which have progressed from  moderate 
to severe over the last 6 months. She has tried sev-
eral over-the-counter medications including intra-
nasal corticosteroids, which  initially provided 
relief, but had to be  discontinued due to frequent 
epistaxis. She currently takes a second- generation 
antihistamine with little if any relief of symptoms. 
She cannot identify a trigger or a seasonal pattern 
to her symptoms. She has used topical nasal decon-

gestants and other over-the- counter cold remedies 
when she feels she “can’t take it anymore.”

She notes snoring associated with these 
 symptoms for approximately the past year. She 
uses the bathroom several times each night 
despite limiting her fluids prior to bed, which 
also contributes to her poor sleep. She has not 
found any way to improve her sleep, and is 
 worried because she fell asleep on her 15-min 
work break the other day. She also experiences 
daytime shortness of breath with less exertion 
than in the past, which she attributes to her weight 
gain and not exercising.

She has no relevant past medical history. The 
only medications she is taking other than the oral 
non-sedating antihistamine are an oral 
 contraceptive pill and a multivitamin. She has no 
known drug allergies. Her surgical history is 
remarkable for a tonsillectomy as a child, a 
 cesarean section, and subsequent incisional 
 hernia repair. Her mother had asthma as a child 
and now has emphysema and her father has 
 seasonal allergies. She denies drug use, is a 
 nonsmoker, and only drinks alcohol socially 
(four drinks per month). She recently moved to 
this area 2 years ago but has no recent changes in 
her environment. She is exposed to second-hand 
smoke from co-workers. She is up to date on her 
vaccinations but has not yet received the flu shot. 
Her review of systems is remarkable for a 
30-pound weight gain over the last 2  years, 
watery eyes, sinus pressure, sore throat, exercise 
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intolerance, acid reflux, poor sleep, poor  memory, 
and daytime hypersomnolence.

On physical exam, her vital signs revealed that 
a temperature was 36.8 C (98.2 F), blood  pressure 
130/88 mmHg, pulse 88 BPM, respiratory rate 12 
breaths/min, SpO2 97%, BMI 38, weight 100 kg 
(220 lbs.), and height 162 cm (5′4″). Her physical 
exam was remarkable for significant nasal 
 discharge and swollen inferior nasal turbinates 
bilaterally. Her posterior throat is barely visible 
but there is no  cobblestoning or postnasal 
 drainage. She has a large neck circumference 
without cervical  lymphadenopathy. Her chest 
exam was clear to auscultation and her heart 
exam revealed a pericardial rub. Other than her 
well-healed surgical scars, and being obese, her 
abdominal exam was benign. There were no 
 previous labs or imaging tests for review.

Skin testing for a selection of environmental 
allergens revealed positive results to house dust 

mite. The rest of the panel, except for the positive 
control, was negative.

 Differential Diagnosis 
and Assessment

There are various forms of chronic rhinitis, which 
can generally be divided into three categories: 
acute (less than 4  weeks’ duration), subacute 
(greater than 4  weeks, but less than 12), and 
chronic (greater than 12 weeks). Most commonly 
acute rhinitis is infectious in nature with the 
majority of cases being caused by viral upper 
respiratory infections. Subacute and chronic rhi-
nitides have a variety of causes as summarized in 
Table 17.1.

Of these diagnoses allergic, nonallergic, and 
mixed rhinitis are the most common condi-
tions. Allergic rhinitis affects 10–30% of the 

Table 17.1 Common etiologies of chronic rhinitis

Allergic rhinitis
Seasonal Perennial
Nonallergic rhinitis
Vasomotor Gustatory Nonallergic rhinitis with 

eosinophils
Systemic diseases
Hypothyroidism Wegener’s Sarcoidosis Cystic fibrosis Immotile 

cilia
Midline 
granuloma

Medications known to cause rhinitis
Medication class Examples
Alpha-blockers Clonidine, methyldopa, guanfacine, prazosin
Antihypertension medications ACE inhibitors, beta-blockers, calcium channel blockers, 

hydralazine, hydrochlorothiazide
Erectile dysfunction drugs Sildenafil tadalafil, etc.
Psychiatric medications Some antidepressants, benzodiazepines, psychotropics, antiepileptics, 

gabapentin
Pain medications NSAIDS if aspirin-exacerbated respiratory disease
Estrogens and progesterone Mostly in the form of birth control
Other causes of chronic rhinitis
Mixed (both allergic and nonallergic components)
CPAP-induced rhinitis
Occupational rhinitis
Rhinitis medicamentosa
Pregnancy
Atrophic rhinitis
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world’s population, and up to 40% of children 
[1]. Its prevalence has continued to climb in 
the industrialized world for more than 50 years 
[2]. In some questionnaire-based studies, over 
68% of rhinitis patients attributed their 
 symptoms to allergies, either seasonal allergic 
rhinitis (SAR) or perennial allergic rhinitis 
(PAR). However, there are data to suggest that 
about 50% of patients have “mixed” rhinitis, 
which is a combination of SAR and nonallergic 
rhinitis (NAR) [3].

The Allergic Rhinitis and Its Impact on 
Asthma (ARIA) international guideline’s classi-
fication scheme also assesses severity of allergic 
symptoms (Table  17.2). Severity by ARIA is 
based upon the impact on productivity and qual-
ity of life, mostly influenced by interference with 
sleep. The interference of rhinitis on sleep is 
complex and secondary to multiple processes to 
include congestion. Passive nasal congestion can 
cause sleep-disordered breathing, especially 
arousals, and other allergic symptoms such as 
ocular pruritus can cause difficulty falling asleep. 
Finally rhinitis can increase inflammatory media-
tors that can directly influence the sleep cycle 
(Table 17.3).

For the case presented many of the above- 
listed causes of rhinitis could be applicable, 
but this discussion will focus on allergic and 
nonallergic rhinitis and its effect on sleep. Age 
of onset can be a clinical clue as to the type of 

rhinitis she is experiencing. In general allergic 
patients report symptoms at a younger age in 
childhood or adolescence whereas nonallergic 
rhinitis (NAR) patients typically present after 
age 20 in up to 70% of cases [4]. Nonallergic 
rhinitis also seems to affect females more than 
males and is typically aggravated by a spec-
trum of irritants such as smoke, perfumes, and 
potpourris but also by changes in temperature 
or barometric pressure [5]. In contrast, allergic 
rhinitis patients typically report a positive 
family history, allergic conjunctivitis (as high 
as 60%), and sneezing if the allergen exposure 
is intermittent [6, 7]. With continuous expo-
sure the symptoms of congestion and poor 
sleep become increasingly prominent and are 
frequently the two most common reasons a 
patient presents for care.

Physical examination can also be helpful since 
allergic patients are more likely to have allergic 
shiners due to venous congestion and edematous/
pale boggy nasal mucosa whereas NAR patients 
may have more erythematous beefy turbinates 
but can also have normal-appearing nasal 
mucosa. In either case mucosal congestion is a 
frequent finding in those experiencing SDB, even 
though it is the authors’ experience that  subjective 
nasal congestion and congestion noted on 
 physical exam correlate minimally.

Table 17.2 ARIA Classification of allergic rhinitis.

Symptoms
Intermittent Less than 4 days per week or less than 

4 weeks/year
Persistent Present at least 4 days per week or 

greater than 4 weeks per year
Severity
Mild No impairment of sleep, daily 

activities, leisure, and/or sport
No troublesome symptoms
No impairment of school or work

Moderate- 
severe

One or more of the following:
  • Impairment in sleep
  • Impairment of daily activities, 

leisure, and/or sport
  • Impairment of school or work
  • Troublesome symptoms

Table 17.3 Multiple pro-inflammatory factors in allergic 
rhinitis affect sleep and symptomsa

Mediator Effect on sleep
Histamine Balance between wakefulness and 

sleep, arousal; ↑ nasal obstruction, 
rhinorrhea, and pruritus

CysLT ↑ Slow-wave sleep, ↑ sleep-disordered 
breathing; ↑ nasal obstruction, 
rhinorrhea

IL-1 ↑ latency to REM, and ↓ REM duration
IL-4
IL-10
Bradykinin ↑ Sleep apnea; ↑ nasal obstruction, and 

rhinorrhea
Substance P ↑ Latency to REM, arousal; ↑ nasal 

obstruction
aFrom Ferguson BJ.  Influences of allergic rhinitis on 
sleep. Otolaryngol Head Neck Surg 2004 May;130(5):617–
29. Copyright © 2004, © SAGE Publications
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The skin test findings suggest that mite 
 avoidance intervention is indicated and that allergy 
vaccine may be indicated, if medical  management 
continues to improve her clinical symptoms.

 Treatment

Because of her congestion and SDB initial 
 treatment for this patient is similar regardless as 
to whether she has NAR or AR, but due to her 
skin test findings mite avoidance education 
should also be provided. Multiple data are 
 available confirming that topical intranasal 
 corticosteroids (INCS) have been found to be 
effective for congestion and can improve the 
associated SDB. The improvement of the 
 associated SDB can be attributed to reduction of 
congestion, as well as other symptoms of rhinitis 
and conjunctivitis through a reduction of 
 inflammatory mediators [8]. It should also be 
noted that, although most glucocorticoid nasal 
sprays have some effect after 24–48 h, in order to 
obtain maximal clinical effect, they should be 
used consistently for several weeks. It is the 
author’s opinion that a 4-week trial of high-dose 
INCS, two sprays bid, is an ample trial to 
 determine if the congestion, SDB, and daytime 
somnolence will be responsive to this approach.

If INCS are not completely effective, the 
 addition of an intranasal antihistamine would be 
the suggestion by many. Most of the studies 
investigating combination INCS and intranasal 
antihistamines have been conducted using 
 intranasal azelastine and have demonstrated a 
benefit of the combination over the use of either 
product alone [9]. It should be noted that topical 
antihistamines are partially absorbed and can 
lead to sedation, and in this case could further 
increase her daytime somnolence, and thus 
 attention to this detail is imperative [10].

An alternative if sedation increases with the 
addition of a topical nasal antihistamine may be 
the addition of a leukotriene-modifying agent to 
the INCS, such as montelukast, which has been 
shown to have modest benefits for congestion 
and for SDB. This is despite the recommendation 

by the guidelines [11] that leukotriene-modifying 
agents add minimally to nasal symptom relief 
and are not recommended to continue when start-
ing INCS nor being added to INCS. Despite the 
guideline suggestion, data do exist demonstrating 
some benefit when montelukast is initiated for 
congestion and poor sleep [12].

In order to achieve the maximum clinical effect 
from INCS sprays, patients should be properly 
instructed so as to achieve the maximum benefit 
and be spared adverse events. The INCS should 
be aimed away from the nasal septum, with the 
head bent forward/down slightly. However, as 
evident with our patient, even with good  technique, 
epistaxis can occur in up to 12% of patients. If the 
amount of blood is minimal the nasal spray can be 
resumed after stopping for a couple days. Nasal 
saline rinses may help in these situations to 
remove crusting and mucus that could be 
 interfering with the proper deposition of the nose 
spray. Some nasal sprays contain alcohol or 
 propylene glycol, which can be irritating to the 
nasal mucosa, so a trial of an aqueous-based/pro-
pylene glycol-free nasal spray may be of benefit 
in reducing nasal bleeding. Another potential 
remedy is to use water-based lubricants, which 
are available as gels or nasal sprays to protect the 
mucosa from adverse effects of INCS. As a last 
medical intervention, though controversial and 
expensive, large-volume lavage, defined as 8 oz. 
of warm saline, mixed with 0.25, 0.5, or 1.0 mg of 
budesonide twice daily, may reduce congestion 
and improve SDB. This approach may not be 
associated with nasal bleeding despite INCS 
sprays causing epistaxis. This was the  intervention 
that ultimately benefited our patient. Since  starting 
irrigation with budesonide, she has experienced 
improved sleep, with infrequent awakenings, and 
less daytime somnolence and has started a weight 
loss program. If this intervention fails, other con-
siderations include allergy immunotherapy, as 
well as a sinus CT scan to assess for structural 
problems that require a surgical intervention. If 
the CT scan of the sinuses fails to show surgical 
pathology and she is unresponsive to aggressive 
medical management, referral for a polysomnog-
raphy (PSG) study would be appropriate.
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 Discussion

There are many studies associating sleep impair-
ment, daytime somnolence, and fatigue with 
chronic rhinitis. These sleep-related problems 
include micro-arousals, SDB including snoring, 
and sleep apnea, as defined as an abnormal 
amount of apnea/hypopnea episodes per hour of 
sleep, and are not uncommon in patients with rhi-
nitis. As noted in the case, the sleep disturbance 
in rhinitis patients is multifactorial and  influenced 
by nasal congestion, other symptoms of rhinitis, 
and inflammatory mediators. There are many 
inflammatory mediators, including cytokines, 
that are increased in AR that may play a role in 
sleep disturbance which also worsen associated 
daytime somnolence [13] (see Table 17.3).

Nasal congestion can affect up to 85% of 
 rhinitis patients. Some studies report that 40% of 
rhinitis patients rate their nasal congestion 
 symptoms as severe. One study found that AR 
patients with nasal congestion were twice as likely 
to suffer from moderate-to-severe  sleep-disordered 
breathing (SDB) than AR patients not reporting 
nasal congestion [14]. In our patient’s case, her 
nasal congestion  regardless if it is related to aller-
gic or nonallergic rhinitis is likely predisposing 
her to snoring and SDB. Early studies by Zwillich 
et al. demonstrated that passive obstruction of the 
nasal passage by a clip can induce arousals and 
increase apneas and hypopneas [15].

Nasal obstruction occurs when the cavernous 
tissues of the turbinates enlarge from increased 
blood flow through the capacitance vessels. It is not 
uncommon for nasal congestion to worsen at night 
presumably due to postural changes and circadian 
rhythm. Normal individuals have a protection from 
increased congestion associated with reclining 
position; however, this is lost in patients with 
chronic rhinitis. As discussed, the first step in treat-
ment would be with an INCS, which has been 
shown to improve sleep quality and decrease day-
time somnolence secondary to their anti-inflamma-
tory effect, which decreases nasal congestion [16].

As noted, other symptoms of AR adversely 
affect sleep mainly by increasing latency from 

lying down to falling asleep. Ocular itch, 
postnasal drip, and rhinorrhea all can have 
this negative impact. Multiple therapies 
including INCS, topical antihistamines, 
LTRA, second-generation antihistamines, and 
immunotherapy may alleviate these symp-
toms with improvement in sleep. This is dif-
ferent than the symptom of congestion for 
which INCS have been demonstrated to be 
superior to other treatments.

Lastly, as noted in the table, inflammatory 
mediators are increased in rhinitis. These media-
tors can directly affect sleep by affecting latency to 
REM sleep, quality of REM sleep, and other stages 
of sleep. In turn with sleep disruption IL-6, IL-1, 
and TNF are increased and can further worsen 
daytime somnolence and fatigue. This effect can 
reduce tolerance for exercise and increase weight 
gain, which can further increase SDB.

There is also a significant amount of research 
into the structure of the upper airway, and its 
 relation to obstructive sleep apnea. This might 
include septal deviation and turbinate  hypertrophy 
in all ages. Tonsillar/adenoid enlargement would 
be more commonly implicated in children. There 
are studies showing improved symptoms 
 posttreatment of these conditions, and surgical 
correction of an anatomic obstruction should be 
considered if feasible. Surgical correction can 
result in increased CPAP compliance in certain 
patients. Therefore, both surgical and nonsurgical 
approaches should be considered in our 
 obstructive sleep apnea patients [17, 18].

For the aforementioned reasons, patients with 
chronic rhinitis with associated SDB should be 
followed carefully to ensure that sleep, daytime 
somnolence, and fatigue improve and if  refractory 
to therapy PSG and metabolic causes should be 
investigated. If there is associated weight gain, it 
is important to provide education and 
 encouragement for lifestyle modification/weight 
loss and exercise. Sleep hygiene should be 
assessed early on in the course of therapy and 
include an assessment of noise, darkness, and 
physical stimuli at night. The room should be 
quiet, dark, and free of external stimuli.
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 Clinical Pearls and Pitfalls

• Rhinitis-associated congestion is common and 
can cause sleep-disordered breathing and 
increased risk of apnea/hypopnea.

• Inflammation associated with chronic rhinitis 
decreases sleep quality and can also cause day-
time somnolence and fatigue. Symptoms other 
than rhinitis may influence sleep quality.

• Topical nasal corticosteroids can be key in the 
treatment of congestion and associated SDB.

 Case Presentation 2

MJ is a 55-year-old male who presents to your 
office for nasal congestion, headaches, and 
fatigue. His past medical history is remarkable 
for hypertension, asthma, gastroesophageal 
reflux disease (GERD), obesity, adult-onset 
 diabetes non-insulin dependent and low 
 testosterone, and chronic musculoskeletal issues. 
His medications include lisinopril, hydro-
chlorothiazide, albuterol inhaler as needed, 
 metformin, testosterone shots, cetirizine, and 
omeprazole. He has a remote history of an 
amoxicillin rash as a child. He previously under-
went an L4/L5 fusion and bilateral total knee 
replacements. His family history is remarkable 
for cardiac disease as his father died from MI at 
age 60 and mother from a stroke at age 62. He 
has a 20-pack per year history of smoking, but 
quit 5 years prior, and he is a social drinker. He 
has had his influenza and pneumonia vaccines. 
Of note his wife complains of his loud snoring 
and often has to sleep in another room. She also 
notes that he often gasps while sleeping, which 
appears like he ceases to breathe for short peri-
ods of time.

On review of systems he complains of fatigue, 
poor sleep, frequent awakening, nocturia,  daytime 
somnolence, a 10-pound weight gain over the past 
year, morning headaches with irritability, postna-
sal drainage with frequent throat clearing, sinus 
pressure, exercise intolerance, wheezing, cough, 
shortness of breath on exertion, acid reflux, fre-
quent urination, and back/knee pain.

On physical examination his blood pressure was 
155/95 mmHg, weight was 120 kg (265 lbs.), and 

height was 178  cm (5′10″). His nasal turbinates 
were enlarged, he had a small posterior pharynx ori-
fice obstructed by a large tongue, and his neck cir-
cumference was significantly increased. Otherwise 
there were no other remarkable findings.

In office spirometry revealed an FVC-95% 
predicted, and FEV1 90% predicted with an 
FEV1/FVC ratio of 0.83.

Skin testing was negative in the presence of a 
positive and negative control.

He was initially tried nasal corticosteroids, but 
failed to improve. CT scan of the sinuses was 
ordered and demonstrated enlarged turbinates 
explaining his nasal congestion, but was other-
wise unremarkable. A referral for PSG was made 
and revealed 35 apneas/hypopneas per hour con-
sistent with severe sleep apnea. CPAP was pre-
scribed, but the patient could not tolerate it 
secondary to his nasal congestion.

 Discussion

In this case, MJ has many significant medical 
problems, including most of the clinical and 
physical features suggestive of obstructive sleep 
apnea (OSA). He snores, and has morning head-
aches and irritability, hypersomnolence through-
out the day, and obesity. More importantly he has 
many clinical problems that can be caused or 
worsened by OSA such as hypertension, and is at 
risk for cardiac disease.

Obstructive sleep apnea (OSA) is a very com-
mon subtype of SDB, affecting up to 30% of 
males and 15% of females in North America. The 
prevalence for OSA has risen throughout the 
world largely due to increasing obesity rates. 
However, even in normal-weight males and 
females the prevalence is 9% and 3%, respec-
tively [19, 20]. The most common diagnostic cri-
teria used for OSA is greater than or equal to 5 
apnea-hypopnea events in 1 h. This is termed the 
apnea/hypopnea index (AHI) and as noted in 
adults an AHI below 5 is normal, 5–15 is mild, 
15–30 is moderate, and greater than 30 is severe. 
Though in-home assessment of AHI is possible, 
polysomnography (PSG) in a sleep laboratory 
remains the gold standard especially for individ-
uals with more complex concomitant medical 
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problems. [21]. Table 17.4 summarizes the diag-
nostic criteria for OSA.

In the case presented, obesity and being a 
male are significant risk factors for 
OSA. However, there is also a threefold increased 
risk of OSA in smokers compared to ex-smokers 
or nonsmokers. Family history of OSA also 
increases the risk of OSA.  African-Americans 
and Asians are also at greater risk for OSA sec-
ondary to craniofacial structure [22]. Other risk 
factors for OSA include nasal congestion, meno-
pause, chronic lung disease, stroke, heart failure, 
renal disease, and pregnancy. Some findings 
make OSA more likely such as in our patient’s 
case an enlarged neck circumference, crowded 
oropharynx, and subjective history of nocturnal 
choking and nocturia.

If OSA is suspected, and an underlying etiol-
ogy that is correctable is not apparent, a formal 
sleep study (PSG) is recommended. In some 
cases, allergy assessment before referral is indi-
cated. If the patient is found to have perennial 
allergies, it is possible that appropriate exposure 
reduction may alleviate symptoms and improve 
SDB. This is unlikely to be effective in our patient 
since his skin tests are negative. If there is evi-
dence of nasal obstruction, septal deviation or 
sinusitis than a sinus CT should be obtained 
before referral for PSG to rule out structural 
issues. Regardless of whether the patient has 
allergic or nonallergic rhinitis, if there is a signifi-
cant history of nasal congestion, then a trial of 
tailored medical therapy to their condition, as in 
case one, could be initiated and response to ther-
apy should be assessed before referral for PSG.

Ideally the diagnosis of OSA and ideal pres-
sures for CPAP would be determined during an 
overnight PSG, usually by a split night with the 
first part being diagnostic and second used to 
titrate therapy. However, if acquisition or insur-
ance approval is difficult or impossible based on 
geographic location or for other reasons, a home 
sleep apnea test for uncomplicated patients may 
be appropriate with an auto-titrating continuous 
positive airway pressure (CPAP) machine. There 
are several randomized trials demonstrating that 
in-home titration may be equivalent to polysom-
nography for most cases [23–25].

Some of the main disadvantages of home 
sleep studies are that the data collected is not as 
comprehensive and the combined expertise of a 
“sleep doctor” and technician is lacking. There 
are many variations of masks including oral, oro-
nasal, and nasal masks as well as different styles 
and sizes. For patients who do not require high 
pressures, nasal pillows may also be an option. 
Ultimately, it is important to find the apparatus 
that is most comfortable for the patient to help 
improve compliance with the CPAP.

Patients with congestive heart failure, COPD, 
central sleep apnea, and other hypoventilation 
syndromes (obesity hypoventilation syndrome, 
opiate use, and neuromuscular disease) are not 
candidates for auto-titrating CPAP and these 
patients should have a formal sleep study under 
the direct care of a sleep specialist.

There are several types of positive airway 
pressure (PAP) approaches but generally they can 
be divided into CPAP (continuous positive air-
way pressure) and BPAP (bi-level positive air-
way pressure). Either of these types can be 
“fixed” or “auto-titrating.” As the name implies 
the auto-titrating machines can adjust to give 
more or less pressure, in order to maintain a pat-
ent airway and prevent upper airway collapse. 
The BPAP approach is generally not indicated as 
an initial therapy as it is more expensive, less 
studied, and more difficult to use. It does offer 
advantages for some patients and it may be better 
tolerated by those who can’t tolerate CPAP.

Due to increased airway resistance seen in 
patients with nasal congestion, higher pressures 
are required if nasal masks are used. This may 
lead to patient discomfort and decreased compli-

Table 17.4 Classifications of obstructive sleep apnea 
severity

Classification
AHI for 
diagnosis

Common clinical 
manifestations

Mild 5–15 Often asymptomatic or 
minimal daytime 
somnolence

Moderate 15–30 Clear daytime somnolence, 
coexisting hypertension is 
common

Severe >30 Daytime somnolence 
interfering with daily 
activities, increased 
cardiovascular disease and 
mortality
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ance. In general, a mask that covers the face (and 
not just the nose) will usually be better tolerated 
[26]. As mentioned previously, treatment of 
underlying nasal congestion with individual or 
combination of therapies such as INCS, nasal irri-
gation with saline, nasal antihistamines, or anti-
cholinergic sprays may enhance compliance and 
effectiveness of PAP [27]. Auto-titrating CPAP 
may also be more effective than standard PAP in 
patients with chronic rhinitis, as it can adjust to 
variation in nasal obstruction. Even in patients 
without preexisting chronic rhinitis there is a con-
dition termed “CPAP-rhinitis,” which is likely 
caused by the dry pressurized air contacting the 
nasal mucosa. This condition can be treated with 
a small amount of intranasal water-based lubri-
cant, nasal saline, and heated  humidification of 
the air used for PAP. Heated humidity alone can 
decrease nasal resistance by approximately 50% 
in some studies [28]. It should also be noted that 
oil-based lubricants can be aspirated into the lung 
and cause exogenous lipoid pneumonia and there-
fore should be avoided [29–31].

Current guidelines suggest that 5–20 cm H20 
is generally a good starting parameter for auto- 
titrating CPAP. In general, pressures greater than 
20  cm H20 may be better treated with 
BPAP.  Another general guideline is that pres-
sures above 12  cm H20 are not well tolerated 
with the use of nasal pillows, and will likely 
require a mask. Optimally PAP should be titrated 
to reduce events to less than 5 per hour with few 
or no spontaneous arousals [32, 33]. The pres-
sure that eliminates all obstruction for more than 
90–95% of the time would be used as the con-
stant pressure if fixed CPAP is desired. This 
information can be obtained by an auto-titrating 
CPAP at home or by a PSG.

Oral devices are available which can be effec-
tive in reducing obstruction without the use of 
PAP. Not all patients are suitable or tolerate oral 
devices, but in those unable to tolerate CPAP 
assessment and fitting for a mouth device may be 
an effective therapeutic intervention. In fact, 
some studies show that they can be equally effec-
tive in mild-moderate OSA due to increased 
patient compliance, fewer side effects, and 

greater patient satisfaction [34, 35]. One disad-
vantage of oral devices is that they are expensive 
and often not covered by insurance.

Long-term treatment of OSA requires a multi-
disciplinary specialty approach to address the many 
comorbidities associated with this disorder. This 
includes optimal management of blood pressure 
and other underlying cardiac problems, weight 
reduction, chronic rhinitis, asthma, and GERD.

 Management/Outcome

Given the multiple comorbidities that this patient 
presented with, a formal polysomnography would 
be recommended. In the meantime, recommenda-
tions should be made for aggressive lifestyle mod-
ification including a medically  monitored weight 
reduction program which could include a surgical 
approach to control obesity.

Since he is at high risk for OSA and has no con-
traindications for home sleep apnea testing, a self-
titrating CPAP may be an option if there is a delay 
in obtaining a formal sleep study. This patient 
should have close follow-up in the office over time 
given his significant cardiac risk factors.

As discussed briefly earlier, congestion often 
interferes with CPAP. In cases such as this medi-
cation interventions as outlined in case one of 
this chapter are indicated, in addition to warm 
humidification during CPAP treatment. A trial of 
INCS at usual doses and if necessary high doses 
can be attempted. Addition of an intranasal anti-
histamine may be helpful as studies have found 
that they have a synergistic effect with 
INCS. Though providing minimal benefit in pop-
ulation studies, some individuals may be very 
responsive to LTRA and for this reason an addi-
tion to INCS may be warranted. If congestion 
still is a concern and surgical pathology and aller-
gies are excluded, large-volume sinus rinse with 
budesonide may be indicated, despite the lack of 
literature supporting this intervention. Once con-
gestion is optimally controlled re-titration of 
pressure may be indicated. The anticipated out-
come is improved tolerance of CPAP, and thus 
improved compliance and optimal benefit.

R. Jones et al.
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 Clinical Pearls and Pitfalls

• Obstructive sleep apnea prevalence is increas-
ing due to obesity, and it is more common in 
males and smokers, and can be exacerbated by 
rhinitis/congestion.

• Home sleep studies using auto-titrating CPAP 
can be effective for some patients.

• Contraindications to in-home CPAP testing 
include congestive heart failure, COPD, 
central sleep apnea, and other hypoventila-
tion syndromes.

• Continuous positive airway pressure is the 
best studied form of PAP and can be used with 
either fixed pressures or auto-titrating devices.

• Overcoming patient concerns prior to initiat-
ing CPAP may improve success.

• In patients with chronic rhinitis with nasal 
congestion requiring positive airway pressure 
treatment, INCS and/or other combinations of 
medications may improve tolerability.

• Heated/humidified air also reduces chronic 
rhinitis symptoms and increases compliance.

• Patients with chronic rhinitis with congestion 
who require PAP may benefit from a full 
facemask.

• For those patients who cannot tolerate CPAP 
an oral device may be effective.

• Most patients with sleep apnea benefit from a 
multidisciplinary management approach.
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Drug-Induced Rhinitis

Benjamin T. Prince and Deepa D. Patadia

 Introduction

Drug-induced rhinitis is a rhinitis subtype that 
occurs as a direct result of inflammatory,  neurogenic, 
or undefined properties of an  implicated drug. Many 
different classes of drugs, including topical 
 decongestants,  antihypertensives, nonsteroidal 
 anti-inflammatory drugs (NSAIDs), psychotropic 
drugs, and drugs for erectile  dysfunction, have been 
implicated in drug- induced rhinitis (Table 18.1) [1]. 
The mechanism by which rhinitis occurs varies by 
the drug responsible for inducing symptoms. The 
following two cases will illustrate the presentation, 
diagnosis, and  management of drug-induced 
 rhinitis. The  discussion sections include an  overview 
of the natural history, pathophysiology, and 
 treatment of the specific etiologies of drug-induced 
rhinitis that should be considered in each case. 
General  principles important in the evaluation and 
 management of drug-induced rhinitis along with 
clinical pearls and pitfalls are reviewed at the end of 
the chapter.

 Case Presentation 1

A 45-year-old man presents to the clinic for 
 evaluation of a 5-year history of rhinitis 
 symptoms, which have worsened in the past 
month. He reports chronic nasal congestion, 
runny nose, and anosmia. He has had frequent 
sinus infections, averaging five to six episodes 
per year. He was prescribed a daily intranasal 
corticosteroid, but forgets to take it 3  days per 
week. Two years ago, he was diagnosed with 
asthma. His asthma is generally well controlled 
on a moderate dose of inhaled corticosteroid. 
However, he was hospitalized 2 weeks ago for an 
asthma exacerbation, requiring systemic 
 corticosteroids. Two months ago, he had an upper 
respiratory tract infection and used 
 over-the-counter oxymetazoline for 3  days. He 
has otherwise been healthy, except for a knee 
injury sustained while playing tennis 1  month 
ago, for which he has been taking ibuprofen as 
needed. He has a remote history of cocaine abuse, 
in his early 20s. He is a former smoker, with a 
seven-pack-year history. He quit smoking 
20 years ago. Physical examination is remarkable 
for pale masses near the middle turbinates that 
have a cluster-of-grapes appearance. He has no 
wheezing on lung examination, but does 
 demonstrate a mildly prolonged expiratory phase 
of respiration. Skin prick testing for  aeroallergens 
was previously negative. Office spirometry today 
demonstrates a mild obstructive defect.
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 Discussion

 Aspirin-Exacerbated Respiratory Disease
Aspirin-exacerbated respiratory disease (AERD) is 
an acquired inflammatory condition characterized 
by chronic, eosinophilic airway inflammation, and 
underlying arachidonic acid metabolism 
 dysregulation [2]. Patients experience 
 pathognomonic exacerbations of asthma and 
 rhinosinusitis within minutes to hours of exposure to 
aspirin or other COX-1-inhibiting nonsteroidal anti- 
inflammatory drugs (NSAIDs), on a  background of 
underlying upper and lower  respiratory inflamma-
tion [3]. AERD, also referred to as aspirin triad or 
Samter’s triad, was first described in 1922 by Widal 
et  al. and commonly presents with the triad of 
chronic sinusitis with nasal polyps, asthma, and 
aspirin intolerance [4]. It occurs more commonly in 
adults than in children, and it does not follow a 
Mendelian pattern of  inheritance. Studies have iden-
tified several  candidate genes involved in the arachi-
donic acid pathway, airway remodeling, and immune 
response that may be associated with AERD. 

Epigenetic  factors, such as DNA methylation, may 
also be involved [5, 6]. Environmental factors, such 
as viral infections, are thought to play a role in 
AERD. Although a subset of AERD patients have 
allergic sensitization to aeroallergens, it is important 
to emphasize that atopy is not believed to be an 
underlying cause of nasal polyps or AERD [7, 8]. 
The prevalence of AERD varies depending on the 
study population and methods. A recent 
 meta-analysis estimated the prevalence of AERD in 
asthmatics to be 7% with an even higher rate of 14% 
in patients with severe asthma. Additionally, 10% of 
patient with nasal polyps and 9% with chronic 
 rhinosinusitis were found to have AERD [9].

The natural history of AERD includes a 
 specific sequence of symptoms, beginning with 
rhinitis onset around age 30. Symptoms include 
rhinorrhea, nasal obstruction, and sneezing, 
often following an upper respiratory tract infec-
tion. Nasal polyposis develops over time and 
anosmia can occur. Asthma symptoms begin 
about 2  years after rhinitis onset. Aspirin or 
NSAID reactions are typically noted about 
6  years after rhinitis onset; however, many 
patients may be unaware of their intolerance to 
these medications at the time of diagnosis [8]. 
Patients with AERD have  respiratory disease 
even in the absence of NSAID exposure. At 
baseline, their asthma and sinus  disease may be 
difficult to control. Their asthma is persistent 
and severe, with an increased  medication 
requirement and a greater risk for near-fatal 
asthma [10]. Interestingly, most patients with 
AERD also experience respiratory symptoms 
with alcohol ingestion. In one study, 83% of 
AERD patients reported alcohol-induced respi-
ratory symptoms, with 75% of patients  having 
upper respiratory symptoms and 51% of patients 
having lower respiratory symptoms after alcohol 
ingestion [11]. Their rhinosinusitis is generally 
chronic and severe, and the nasal  polyps tend to 
recur [10]. Patients with AERD undergo more 
frequent sinus surgeries and have more sinus 
infections compared to patients with chronic rhi-
nosinusitis without polyps. The  average AERD 
patient typically receives three sinus surgeries 
over his or her lifetime and is diagnosed with 5.5 
sinus infections per year [12].

Table 18.1 Medications associated with drug-induced 
rhinitis

Medication category Examples
Nonsteroidal anti- 
inflammatory drugs 
(NSAIDs)

Aspirin
Ibuprofen
Ketorolac

Antihypertensive medications Beta-blockers
ACE inhibitors
Calcium channel 
blockers
Prazosin
Clonidine
Hydralazine
Amiloride
Hydrochlorothiazide 
(HCTZ)

Erectile dysfunction 
medications 
(phosphodiesterase-5 
inhibitors)

Sildenafil
Tadalafil
Vardenafil

Psychotropic medications Risperidone
Chlorpromazine
Amitriptyline

Other Local nasal 
decongestants
Gabapentin
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The pathogenesis of AERD is related to 
 underlying abnormalities in arachidonic acid 
metabolism that result in chronic elevations of 
eosinophils and mast cells in the mucosa and 
peripheral blood [7] (Fig.  18.1). Patients with 
AERD have a baseline deficiency of 
 prostaglandins and an overproduction of  cysteinyl 
leukotrienes. An unknowing or accidental 
 ingestion of aspirin or NSAIDs results in a 
 complete block of prostaglandin production as a 
result of inhibiting the cyclooxygenase-1 (COX-
1) enzyme. An absence of prostaglandin E2 
(PGE2), which is an anti-inflammatory 
 prostaglandin important for inhibiting 
 5-lipoxygenase, leads to overproduction of 
 cysteinyl leukotrienes, upregulation of 
 leukotriene receptors, and increased Th2  cytokine 
production. This ultimately results in an influx of 
eosinophils and mast cells in the upper and lower 
respiratory tissue that is characteristic of the 
 disease [13, 14]. As a result, within 30–180 min 
after exposure to an NSAID or aspirin, patients 
develop respiratory symptoms typical of an 
asthma exacerbation. They may also 
 concomitantly experience anterior or posterior 
rhinorrhea, nasal congestion, ocular symptoms, 
flushing, urticaria, angioedema, or GI symptoms. 
In some cases, increased nasal and ocular 
 symptoms may be the primary clinical symptoms 
without asthma exacerbation. As such, patients 

should strictly avoid aspirin and other COX-1-
inhibiting NSAIDs. However, avoidance of 
NSAIDs or aspirin does not improve the patient’s 
underlying respiratory or sinus disease [15].

A diagnosis of AERD is suggested if there is a 
history of typical symptoms with NSAID or 
 aspirin use. History alone, however, is not  reliable 
in making the diagnosis and can lead to over- or 
under-diagnosis of this condition. In one study, 
15% of patients with AERD did not recognize 
their NSAID intolerance prior to an aspirin 
 provocation challenge [8]. Another study of 
patients with asthma, sinusitis, and nasal polyps, 
who were referred for aspirin challenge, 
 demonstrated that 42% of patients who had no 
 recollection of respiratory reactions to NSAIDs or 
who had not used NSAIDs had a positive  aspirin 
challenge [16]. Furthermore, although most 
patients with AERD have reactions with all COX-1 
inhibitors, Lee-Sarwar and colleagues identified 
seven patients with chronic  rhinosinusitis who 
 tolerated 81 mg of aspirin daily immediately prior 
to failing a formal aspirin challenge [17].

Aspirin-provocation challenge is the gold 
standard for the diagnosis of AERD as there are 
no validated in vitro tests. If the diagnosis is not 
clear based on the patient’s history or if a 
 definitive diagnosis is required, an aspirin 
 challenge can be performed in an outpatient 
 setting by experienced personnel with 
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Fig. 18.1 Abnormalities 
in arachidonic acid 
metabolism underlie the 
pathophysiology of 
AERD. Substances that 
are produced in excess in 
AERD are shown in 
green; substances that are 
deficient are shown in red
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 resuscitative equipment immediately available, 
provided that the patient’s lung function is not 
severely compromised (FEV1 < 70% predicted). 
During the challenge, the patient is given 
 escalating doses of aspirin over 1–2  days 
 depending on the protocol used. The challenge is 
positive if there is a significant drop in FEV1 of 
at least 20% from baseline or if symptoms occur, 
confirming the diagnosis [7]. Recently, a cohort 
of AERD patients was described who underwent 
an aspirin challenge without eliciting symptoms, 
and the diagnosis was only made after a positive 
repeat challenge [18]. Although this phenomenon 
appears to be rare, it is important to consider this 
scenario, particularly in a patient with a 
 convincing clinical history.

The initial management of AERD requires 
strict avoidance of strong COX-1 inhibitors. 
Selective COX-2 inhibitors (e.g., celecoxib) 
are generally tolerated and may be used as 
needed. Chronic rhinosinusitis and asthma are 
treated per standard practice guidelines with 
the addition of leukotriene-modifying agents, 
which include 5-lipoxygenase inhibitors or LT 
receptor  antagonists. In some cases, a short 
course of oral corticosteroids may be neces-
sary. Polypectomy can be helpful in the short 
term, but polyps  typically recur [19]. For 
patients with a strong medical indication for 
aspirin or NSAID therapy or for those whose 
AERD is not well controlled with other treat-
ments, aspirin desensitization may be appro-
priate. Aspirin desensitization followed by 
high-dose aspirin therapy has been shown to 
slow polyp regrowth, thereby improving sense 
of smell and reducing the number of sinus sur-
geries required for management. This proce-
dure can be done in the outpatient setting 
provided that the patient’s lung function is not 
severely compromised (FEV1  <  70% pre-
dicted). If this procedure is clinically war-
ranted but the patient has low lung function, it 
may be more appropriate to perform the desen-
sitization in the inpatient setting. It has also 
been found that patients respond better to ASA 
desensitization if it is preceded by a surgical or 
medical (a sufficient course of high-dose pred-
nisone) polypectomy. Aspirin therapy has been 

shown to improve asthma symptoms and qual-
ity of life in AERD patients [20, 21]. Following 
desensitization, patients are continued on a 
dose of 650  mg of aspirin twice daily, which 
can subsequently be decreased to 325 mg twice 
daily after 1–6 months. However, some patients 
will have a return of their symptoms on the 
lower dose and need to be increased back to 
650  mg twice daily [22]. Aspirin desensitiza-
tion is contraindicated in patients with gastric 
ulcers, uncontrolled asthma, significant renal 
or liver disease, and planned pregnancy [23].

 Rhinitis Medicamentosa
Rhinitis medicamentosa is characterized by nasal 
congestion and rebound rhinitis that occurs after 
prolonged use of topical nasal decongestants. It 
was first described in 1944 by Feinberg and 
Friedlaender with the use of the local nasal 
 decongestant naphazoline [24]. It commonly 
occurs following an acute viral illness for which a 
nasal decongestant was initiated. Nasal congestion 
develops with persistent use and as it worsens 
causes the patient to increase the frequency and 
quantity of the nasal decongestant [25]. The need 
for continued decongestant use can be intense, and 
a psychological dependence has even been 
described [26]. Although the precise duration of 
use that results in rhinitis medicamentosa is not 
clear, it is recommended that nasal decongestants 
should be used for short durations only.

Nasal decongestants are divided into two 
classes: sympathomimetic amines and 
 imidazolines. The sympathomimetic amines 
cause release of norepinephrine in sympathetic 
nerves, resulting in vasoconstriction via binding 
of norepinephrine to the postsynaptic alpha-
receptors. The sympathomimetic amines include 
pseudoephedrine, ephedrine, phenylephrine, 
phenylpropanolamine, and amphetamines. The 
imidazolines act as alpha-receptor agonists, 
resulting in vasoconstriction and nasal 
 decongestion. They also decrease endogenous 
norepinephrine production. The imidazolines 
include oxymetazoline, xylometazoline, 
 clonidine, and naphazoline [25, 27]. Persistent 
use of either class of decongestant can lead to 
 rhinitis medicamentosa.
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The pathophysiology of rhinitis 
 medicamentosa is not well understood. One 
 proposed mechanism is that intense 
 vasoconstriction from the  stimulation of alpha-
receptors leads to ischemia and  development of 
interstitial edema. Another possible explana-
tion is that continued  stimulation of alpha-
receptors causes their downregulation along 
with a decrease in endogenous  noradrenaline 
production  secondary to presynaptic, negative 
feedback. This leads to the dilation of submu-
cosal venous plexuses resulting in congestion. 
Alpha-receptors may also become refractory to 
nasal  decongestants leading to  tachyphylaxis 
or tolerance [28, 29]. Tissue samples from the 
inferior turbinates of patients with rhinitis 
medicamentosa show  damage to the nasal 
 epithelium, cilia, and  vascular endothelium 
[30]. On physical  examination, the nasal 
mucosa commonly appears beefy red, with 
punctate bleeding and scant mucous. This find-
ing is variable, however, and with  continued 
decongestant use the mucosa can appear atro-
phic [29].

The treatment of rhinitis medicamentosa 
begins with discontinuation of the topical 
 decongestant. The rebound congestion resolves 
over time without further treatment; however, 
intranasal corticosteroids have been shown to 
improve nasal congestion more rapidly [31]. 
Intranasal antihistamines may also be helpful in 
weaning patients off of nasal decongestants. In 
some cases, a short course of oral corticosteroids 
may be necessary [29].

Recently, several studies have reported that 
topical nasal decongestants can be used for 
extended periods of time without developing rhi-
nitis medicamentosa if they are used in conjunc-
tion with a nasal corticosteroid which is believed 
to upregulate or prevent downregulation of the 
alpha-adrenergic receptors. Thus for patients 
with severe refractory nasal congestion, which is 
more typical of nonallergic and mixed rhinitis 
conditions, this approach may be an option to 
improve their short- and long-term clinical out-
comes [32–34].

 Diagnosis and Conclusion

This patient most likely has AERD, based on his 
clinical presentation. He has a long history of 
chronic rhinitis, which preceded his diagnosis of 
adult-onset asthma by several years. His respira-
tory disease was under good control until he started 
taking ibuprofen, an over-the-counter NSAID, for 
knee pain. This likely contributed to his recent 
asthma exacerbation and current  abnormal spirom-
etry. His chronic rhinosinusitis continues to be 
problematic, and is likely also driven by continued 
NSAID use. His exam shows evidence of nasal 
polyps, which likely explains his anosmia.

This patient’s presentation is classic for 
AERD, and he likely does not need a provocation 
challenge to confirm the diagnosis. He should be 
advised to strictly avoid aspirin and all COX-1 
inhibitors. Instead, he can be started on a selec-
tive COX-2 inhibitor for his knee pain. His rhini-
tis should be treated aggressively with a daily 
intranasal corticosteroid. Due to the presence of 
multiple nasal polyps and significant rhinitis 
symptoms, he may benefit from evaluation by an 
otolaryngologist. However, he should be coun-
seled that polypectomy generally results in only 
temporary symptom relief, with a high likelihood 
of polyp recurrence and that most studies demon-
strate that medical and surgical interventions 
have similar outcomes. He may benefit from 
starting a daily leukotriene-modifying agent for 
treatment of his AERD.  His asthma symptoms 
should be closely monitored off NSAIDs. 
Therapy may be stepped up or stepped down as 
per usual asthma management guidelines.

At this time, the patient does not have a com-
pelling medical reason to be on aspirin or 
NSAIDs. If his AERD symptoms fail to improve 
with the therapies above, he may benefit from 
referral to an allergist-immunologist for aspirin 
desensitization and high-dose aspirin therapy.

The patient in this case is unlikely to have rhi-
nitis medicamentosa as a cause for his current 
rhinitis symptoms. While he did use oxymetazo-
line for an upper respiratory infection, the event 
was 2 months ago and the medication was dis-
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continued after 3 days. The short duration of use 
makes it unlikely that he developed rhinitis 
 medicamentosa. Although cocaine abuse has also 
been implicated as a cause of rhinitis 
 medicamentosa by inhibiting reuptake of 
 norepinephrine, the patient has not used this drug 
in over 20 years. Additionally, the appearance of 
his nasal turbinates was not consistent with 
 rhinitis medicamentosa. While the absence of 
physical findings does not exclude the possibility 
in the correct clinical scenario, in this case, it 
suggests an alternate diagnosis.

 Case Presentation 2

A 62-year-old man with a history of hypertension 
presents for evaluation of new-onset nasal 
 congestion for the past 2  months. His current 
medications include antihypertensives, but he 
does not remember the names of the drugs and 
has forgotten to bring his medication list to his 
appointment. He reports that his blood pressure 
has been well controlled on the same regimen for 
several years. A few months ago, he was started 
on vardenafil for treatment of erectile  dysfunction. 
He has no other complaints. He denies any prior 
history of rhinitis. He tried using  over-the-counter 
antihistamines for his rhinitis but had no 
 improvement so discontinued them 2 weeks prior 
to his visit. His physical examination, including 
the nasal mucosa, is unremarkable. He requests 
allergy testing at his appointment. Skin prick 
testing for aeroallergens is negative.

 Discussion

 Antihypertensives
Antihypertensive medications have been associ-
ated with nasal congestion and rhinitis through 
their blockade of nicotinic, alpha-adrenergic, or 
beta-adrenergic receptors, resulting in increased 
parasympathetic activity [35]. Among commonly 
used antihypertensive agents, beta-blockers are 
known to cause rhinitis as a side effect. The inci-
dence of beta-blocker-induced rhinitis was 
reported to range between 1 and 7% in patients 

taking nebivolol [36]. Rhinitis has also been a 
reported adverse effect of labetalol [37]. In 
 addition, ACE inhibitors are known to induce 
 rhinitis in some individuals [29]. Intranasal 
 corticosteroids have been shown to be an  effective 
treatment for reducing nasal congestion 
 associated with these medications [35].

 Phosphodiesterase-5 Inhibitors
Rhinitis is a common side effect of 
 phosphodiesterase- 5 (PDE-5) inhibitors that are 
typically used for the treatment of erectile 
 dysfunction. Rhinitis occurs with a frequency of 
9.2% with vardenafil (vs. 2.9% with placebo) in 
studies of drug safety and tolerability [38]. 
Rhinitis incidence increased with increasing 
doses of vardenafil. At low doses, rhinitis 
improved over time with continued use, but at 
higher doses it tended to persist [39].

The nasal turbinates contain erectile tissue 
and are thought to be affected by PDE-5 
 inhibitors through an increase in nitric oxide 
within the nasal mucosa that results in venous 
engorgement and rhinitis [40]. Sexual activity, 
in the absence of PDE-5 inhibitor use, can also 
induce rhinitis symptoms by an unknown 
mechanism in some patients [41]. If used 
 infrequently, short-term nasal decongestants 
can be useful in treating PDE-5 inhibitor-
induced rhinitis. In patients with more frequent 
symptoms, intranasal corticosteroids should be 
utilized as monotherapy or in conjunction with 
nasal decongestants to prevent the development 
of rhinitis medicamentosa [35].

 Diagnosis and Conclusion

This patient’s rhinitis is most likely due to his 
PDE-5 inhibitor. While some antihyperten-
sives have been implicated in rhinitis cases, 
the onset of this patient’s symptoms suggests 
that his PDE-5 inhibitor is responsible for his 
symptoms. The patient has been on antihyper-
tensive  medications without any change in 
therapy for years, without symptoms. The 
onset of his  symptoms correlates with starting 
vardenafil.
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At low doses, the rhinitis associated with var-
denafil may improve over time, with continued 
use. At higher doses, the rhinitis is expected to 
persist. Based on the patient’s preferences and 
perception of how bothersome the rhinitis is, he 
may either continue or discontinue the 
 medication. Joint decision-making with the 
patient is appropriate in this case. Depending on 
symptom frequency, symptomatic management 
with a nasal decongestant or a daily intranasal 
corticosteroid could be offered if the patient 
chooses to continue the vardenafil.

 General Principles in the Evaluation 
and Management of Drug-Induced 
Rhinitis

Evaluation of a patient with rhinitis requires 
obtaining a detailed history, including symptoms, 
onset, patterns, triggers, and associated features. 
A complete medication history is particularly 
important, as many commonly used medications 
are known to cause rhinitis. The physical exami-
nation should focus on the upper respiratory 
tract, with additional attention to signs of other 
atopic diseases [28]. Allergy skin prick testing 
for aeroallergens is useful for characterizing the 
patient’s allergic status as treatment and out-
comes of allergic versus nonallergic rhinitis vary 
significantly. In addition to considering other 
causes of rhinitis, conditions that can mimic rhi-
nitis should also be considered including nasal 
polyps, benign or malignant nasal masses, illicit 
drug use, anatomic abnormalities, and laryngo-
pharyngeal reflux.

The mainstay of management for drug- 
induced rhinitis is discontinuation of the offend-
ing drug. If this is not feasible, treatment of 
rhinitis symptoms is appropriate. In these cases, a 
daily intranasal corticosteroid can be started. 
Intranasal antihistamines can be added if ade-
quate symptom relief is not achieved with intra-
nasal corticosteroids alone. The management of 
rhinitis medicamentosa and AERD requires spe-
cial considerations, as discussed above.

 Clinical Pearls and Pitfalls

• Drug-induced rhinitis has been associated 
with multiple classes of commonly 
 encountered drugs.

• When evaluating a patient for rhinitis, it is impor-
tant to consider medications as a potential cause.

• Other etiologies of rhinitis, including allergic 
rhinitis, should be considered as a cause or 
comorbidity in patients presenting with 
rhinitis.

• Obtaining a detailed history, including symp-
toms, onset, and triggers, is an important com-
ponent to rhinitis evaluation.

• The mainstay of treatment for drug-induced 
rhinitis is avoidance of the offending drug 
where possible. In cases where the drug is 
 necessary and cannot be avoided, symptomatic 
management of the rhinitis is appropriate.

• Rhinitis medicamentosa and 
 aspirin-exacerbated respiratory disease are 
special cases of drug-induced rhinitis, which 
require specific management.
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