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Due to its strategic position at the entry of the airway, the nose plays a crucial role in
airway homeostasis.1 By warming up, humidifying, and filtering incoming air, the nose
is essential in the protection and homeostasis of lower airways. The nose and bronchi
are anatomically connected, are lined with a pseudostratified respiratory epithelium,
and equipped with an array of innate and acquired immune defense mechanisms. It
is not hard to imagine that nasal conditions causing nasal obstruction, stasis of nasal
secretions, or infectious disease of the sinonasal mucosa may become a trigger for
lower airway pathology in susceptible individuals.2 Common cold, acute rhinosinusitis,
and chronic rhinosinusitis (CRS) are associated with nasal congestion or secretions in
the sinonasal cavities impairing the protective function of the nose on the lower
airways. In chronic sinus disease with nasal polyps (NP),3 total blockage of the nasal
passages may occur, hence bypassing the nasal effects on inspired air. It has become
evident that the nasobronchial interaction is not limited to bronchial effects of impaired
nasal breathing. Besides direct anatomic pathways, the nose and bronchi seem to
communicate via indirect mechanisms. In contrast to ill-defined nasobronchial reflex
mechanisms, rhinosinusitis is associated with a well-known systemic inflammation
contributing to the interaction between nose and bronchi. The inflammation seen in
CRS with or without NP shows systemic signs of inflammation such as elevated levels
of interleukin (IL)-5 in the blood and increased bone marrow eosinopoiesis.4 This
article aims at providing a comprehensive overview of the current knowledge of naso-
bronchial communication in acute rhinosinusitis and CRS, including consequences for
treatment.
INFECTIOUS RHINITIS AND LOWER AIRWAY DISEASE
Prevalence

It is obvious that common colds account for approximately 50% of all illnesses and are
even more frequent in young infants.5 Besides inducing nasal obstruction, rhinorrhea,
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and sneezing, upper respiratory tract infections also cause exacerbations of preexist-
ing lower airways diseases such as asthma or chronic obstructive pulmonary disease
(COPD). The majority of asthma exacerbations are precipitated by respiratory virus
infections in all age groups. When sensitive methods such as reverse transcription-
polymerase chain reaction are used, viruses are found in 80% of wheezing episodes
in school-aged children and in almost 50% of asthma exacerbations in adults. Rhino-
virus (RV) is the most frequently detected pathogen.6 The causal relationship between
RV infection and asthma exacerbations has been proven by experimental infection
models. After nebulization of an RV-16 suspension, asthma patients develop rhinitis
symptoms together with worsening of their asthma state.7 Moreover, a decrease in
forced expiratory volume in 1 second (FEV1), increased airway hyperresponsiveness,
and augmented eosinophilic bronchial inflammation are found following experimental
RV infection.7 Even in nonasthmatic patients with atopic rhinitis, RV inoculation
increases airway hyperreactivity and induces a drop in FEV1.8 Besides causing the
majority of wheezing episodes in asthmatic patients, common colds are also associ-
ated with more than 40% of COPD exacerbations, with RV being the most common
viral pathogen.9

Pathophysiology

The mechanisms of virus-induced exacerbations of asthma and COPD remain incom-
pletely understood. A first question is whether RVs reach and replicate in the lower
airways, causing lower airways symptoms by direct infection, or if indirect mecha-
nisms are responsible for exacerbations of lower airways diseases. Recent evidence
supports the first hypothesis. The presence of RV in bronchial biopsy specimens after
experimental upper respiratory RV infection in human volunteers was confirmed by in
situ hybridization and immunohistochemistry.10,11 By using the latter methods, the
investigators avoid contamination from the upper airways, which could not be
excluded in studies where RV was detected in bronchoalveolar lavage or sputum.
However, the importance of bronchial penetration and replication of RV during natural
infection is still uncertain. Ninety percent of RVs infect airway epithelial cells via
binding to the receptor ICAM-1, followed by intracellular penetration and replication.
RVs upregulate the expression of ICAM-1 via nuclear factor (NF)-kB–dependent
mechanisms, thereby enhancing their own infectivity and promoting inflammatory
cell infiltration. In bronchial epithelial cell cultures, RV infection induces a variety of
proinflammatory cytokines and chemokines such as IL-6, IL-8, IL-16, and RANTES,
which may lead to the chemotaxis and activation of neutrophils, lymphocytes, mono-
cytes, and eosinophils, thereby enhancing lower airway inflammation.10 Besides
a direct effect of RV on bronchial epithelial cells, indirect mechanisms could play
a role in increasing lower airway inflammation during a common cold. Following exper-
imental RV-16 infection in allergic individuals, granulocyte colony-stimulating macro-
phage (G-CSF) levels increase not only in nasal secretions but also in the circulation.
G-CSF levels in serum correlate with the blood neutrophilia, suggesting that G-CSF
acts on the bone marrow to increase the neutrophilia in blood.12 Besides the proin-
flammatory effect of RV on airway epithelium, host factors also play an important
role in the development of acute exacerbations. Several risk factors for experiencing
more severe viral exacerbations of lower airway disease have been described,
including age (being an infant or an elderly), smoking, and having low neutralizing anti-
body titers to RV.12 Moreover, atopic asthmatic individuals are more prone to virus-
induced wheezing, possibly via less interferon (IFN)-g production in response to RV,
which reflects a defective Th1 immune response. However, Avila and colleagues13

showed a delayed onset of cold symptoms and a shortening of their duration when
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inoculation with RV was preceded by allergen challenge in subjects with allergic
rhinitis. In this experimental setting, allergic inflammation may be protective for RV
infection, probably depending on the timing and intensity of antigen exposure.

Treatment

Although acute viral exacerbations account for a large part of the burden associated
with asthma and COPD, currently available treatments are unsatisfactory. Upper
airway symptoms are not life-threatening but self-limiting. Therefore, treatment of
upper airway symptoms is symptomatic, including nasal decongestants, rinsing of
the nasal cavity, and oral analgesics if necessary.3 To treat viral-induced asthma
and COPD exacerbations, one can target either the virus itself or the host immune
response. No RV vaccination exists because of the wide variety of serotypes of human
RV. A range of antiviral agents has been tested in preclinical or clinical trials without
consistent effects on asthma. Another therapeutic strategy is to prevent the inflamma-
tory reaction caused by RV infection. Glucocorticosteroids are the cornerstone of
current asthma and COPD maintenance therapy. However, they disappoint in the
treatment of acute exacerbations. In persistent asthma, daily administration of inhaled
corticosteroids has only a limited effect in reducing the number of wheezing episodes,
both in adults and children. In exacerbations of COPD, corticosteroids have no major
therapeutic efficacy as they reduce the absolute treatment failure rate by only 10%,
increase the FEV1 by only 100 mL, and shorten the hospital stay by 1 to 2 days. Inhib-
iting the NF-kB signaling may also represent an interesting therapeutic option,
because NF-kB is involved in both the virus-induced upregulation of ICAM-1 as well
as in the transcriptional activation of a large number of the proinflammatory mediators
involved in RV infection.14 NF-kB inhibitors are, however, in an experimental stage of
development, and it remains to be determined whether the anti-inflammatory proper-
ties of these agents will not be counterbalanced by the simultaneous inhibition of
protective, antiviral mediators such as IFN.

RHINOSINUSITISWITHOUT NASAL POLYPS ANDASTHMA
Prevalence

Bronchial asthma is considered a comorbidity of CRS.3 In some centers, around 50%
of patients with CRS have clinical asthma.1 Of note, most patients with CRS who do
not report to have asthma show bronchial hyperreactivity when given a metacholine
challenge test.15 In this way, Ponikau and colleagues15 concluded that 91% of
patients with CRS had either asthma or increased bronchial hyperreactivity. Others
report that 60% of patients with CRS have lower airway involvement, assessed by
history, pulmonary function, and histamine provocation tests.3 Alternatively, sinonasal
symptoms are frequently reported in asthmatic patients, ranging up to 80% in some
studies. Radiologic imaging of the sinuses has demonstrated mucosal thickening of
the sinus mucosa in up to 84% of patients with severe asthma. However, these epide-
miologic and radiologic data should be interpreted with caution as they may reflect
a large reference bias.3

Pathophysiology

CRS is currently thought to have a multifactorial etiology in which host factors like
anatomic, local defense, and immunologic factors act in synergy with microbial and
environmental factors.3 Histopathologic features of CRS and asthma largely overlap.3

Heterogeneous eosinophilic inflammation and features of airway remodeling such as
epithelial shedding and basement membrane thickening are found in the mucosa of
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CRS and asthma. Cytokine patterns in sinus tissue of CRS highly resemble those of
bronchial tissue in asthma, explaining the presence of eosinophils in both conditions.
Therefore, eosinophil degranulation proteins may cause damage to the surrounding
structures and induce symptoms at their location in the airway. Finally, lavages from
CRS patients show that eosinophils were the dominant cell type in both nasal and
bronchoalveolar lavage in the subgroup of patients with CRS with asthma.16 Besides
the similarities in pathophysiology, sinusitis has been etiologically linked to bronchial
asthma, and vice versa. As is the case in allergic airway inflammation, sinusitis and
asthma can affect each other via the systemic route, involving IL-5 and the bone
marrow. In both CRS and allergic asthma, similar proinflammatory markers are found
in the blood. Nasal application of Staphylococcus aureus enterotoxin B has recently
been shown to aggravate the allergen-induced bronchial eosinophilia in a mouse
model.17 Here, mucosal contact with enterotoxin B induced the systemic release of
IL-4, IL-5, and IL-13, leading to aggravation of experimental asthma. However, the
interaction between rhinosinusitis and asthma in not always clinically present, nor is
there a consistent correlation between computed tomography scan abnormalities,
sputum eosinophilia, and pulmonary function.3

Effects of Treatment of Chronic Rhinosinusitis on Bronchial Disease

Endoscopic sinus surgery (ESS) for CRS is most often successful for sinonasal symp-
toms, but may also improve bronchial symptoms and reduce medication use for bron-
chial asthma.1 After a mean follow-up period of 6.5 years, 90% of asthmatic patients
reported that their asthma was better than it had been before the ESS, with a reduction
of the number of asthma attacks and medication use for asthma.18 Also in children
with sinusitis and asthma, sinus surgery improves the clinical course of asthma, re-
flected by a reduced number of asthma hospitalizations and schooldays missed.19

Lung function in asthma patients with CRS was reported to benefit from ESS by
some investigators, but this was denied by others.1 Of note, not all studies show bene-
ficial effects of ESS on asthma. The reason for the inconsistency in study results
between studies relates to the heterogeneity and small number of patients included
in these studies, and difference in outcome parameters studied. Of note, the presence
of lower airway disease may have a negative impact on the outcome after ESS.
Outcomes after ESS were significantly worse in the asthma compared with the non-
asthma group.1 Poor outcomes after ESS have also been reported in patients with
aspirin-intolerant asthma.19,20 On the other hand, other investigators report that
asthma does not represent a predictor of poor symptomatic outcome after primary
or revision ESS. In a series of 120 patients undergoing ESS, Kennedy21 reports that
asthma did not affect the outcome after ESS when comparing patients with equally
severe sinus disease, except for the worst patients, in whom asthma did adversely
affect the outcome.

Until recently, no well-conducted clinical trials have been performed showing bene-
ficial effects of medical therapy for CRS on bronchial asthma. Ragab and colleagues22

published the first prospective study of surgical compared with medical therapy for 43
patients with CRS with or without NP and asthma. Medical therapy consisted of a
12-week course of erythromycin, alkaline nasal douches, and intranasal corticosteroid
preparation, followed by intranasal corticosteroid preparation tailored to the patients’
clinical course. The surgical treatment group underwent ESS followed by a 2-week
course of erythromycin, alkaline nasal douches, and intranasal corticosteroid prepara-
tion, 3 months of alkaline nasal douches and intranasal corticosteroid, followed by
intranasal corticosteroid preparation tailored to the patients’ clinical course. Both
medical as well as surgical treatment regimens for CRS were associated with
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subjective and objective improvements in asthma state. Of note, improvement in
upper airway symptoms correlated with improvement in asthma symptoms and
control.
RHINOSINUSITISWITH NASAL POLYPS ANDASTHMA
Prevalence

Seven percent of asthma patients have NP.1 In nonatopic asthma and late-onset
asthma, polyps are diagnosed more frequently (10%–15%). Aspirin-induced asthma
is a distinct clinical syndrome characterized by the triad aspirin sensitivity, asthma,
and nasal polyposis, and has an estimated prevalence of 1% in the general population
and 10% among asthmatics.1

Pathophysiology

At present, the etiology of NP remains obscure.3 As nasal polyps represent a chronic
inflammatory disease affecting the mucosa of ethmoidal sinus cavities in susceptible
individuals, one may speculate on airborne microorganisms being able to induce or
aggravate the inflammation seen in NP. New light was recently shed on the pathology
of NP by a report showing increased colonization of NP by S. aureus and presence of
specific IgE directed against S. aureus enterotoxins in NP tissue.23 Of note, rates of
colonization and IgE presence in NP tissue were increased in subjects with NP and
comorbid asthma or aspirin sensitivity. By their superantigenic activity, enterotoxins
may activate inflammatory cells in an antigen-unspecific way. Hellings and
colleagues17 recently demonstrated that nasal application of S. aureus enterotoxin
B is capable of aggravating experimental allergic rhinitis and asthma, with an increase
in bronchial and systemic Th2 cytokine levels. Besides bacterial enterotoxins, Ponikau
and colleagues24 report on the potentially important role of fungi, especially Alternaria,
in the generation of NP. By their capacity to induce eosinophil degranulation, Alterna-
ria may contribute to the inflammatory spectrum of CRS with or without NP. To date it
is unknown whether microbial stimuli may represent the etiology of NP formation or
whether colonization with microorganisms is favored in the presence of NP.

Treatment

At present, no trials have been performed studying the effects of medical therapy for
NP patients on asthma. Therefore, well-designed trials on antibiotic use, vaccination
therapy, or antileukotriene treatment in patients with NP and asthma are warranted.
After ESS for NP in patients with concomitant asthma, a significant improvement in
lung function and a reduction of systemic steroid use was noted, whereas this was
not the case in aspirin-intolerant asthma patients.25
RHINOSINUSITIS AND CHRONIC OBSTRUCTIVE PULMONARY DISEASE

Up to 88% of patients with COPD presenting at an academic unit of respiratory
disease may experience nasal symptoms, most commonly rhinorrhea.2 Nasal symp-
toms in COPD patients correspond well with an overall impairment of the quality of
life. So far, there is only one study in patients with COPD showing rhinosinusitis symp-
toms and inflammatory mediators in the nasal cavity.2 Of note, patients with stable
COPD show increased levels of eotaxin and G-CSF in nasal lavage fluid compared
with controls.2 It remains to be elucidated to what extent treatment of the nose is
beneficial in COPD.
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CLINICAL IMPLICATIONS AND UNMET NEEDS

Several medical specialties are involved in the medical care of patients with chronic
airway disease. In asthmatic and COPD patients, physicians need to inquire routinely
about the existence of upper airway symptoms. To this purpose, the use of a simple
questionnaire for the presence of sinonasal symptoms may be helpful to the clinician.
In the case of positive history for upper airway symptoms, anterior rhinoscopy, nasal
endoscopy, or computed tomography scan of the sinonasal cavity can help in making
a correct estimation of upper airway involvement in asthma and COPD. Alternatively,
bronchial symptoms need to be asked for in patients presenting with rhinitis and rhi-
nosinusitis. When lung function tests are performed in this patient population, most of
them will show bronchial hyperresponsiveness, making the clinician aware of the
global airway impact of the upper airway disease. However, several clues to fully
understand the nasobronchial interaction are still missing, complicating the clinical
approach toward individuals with upper or lower airway disease. For example, one
cannot predict in individual patients with rhinitis if and when rhinitis will progress to
the development of bronchial symptoms. It may therefore be important to evaluate
bronchial function in all patients with persistent rhinitis symptoms. In patients with
NP and concomitant asthma or COPD, it is not known whether sinus surgery or any
other medical treatment of rhinosinusitis will have beneficial effects on lower airway
pathology. Therefore, prospective clinical trials on outcomes of upper airway therapy
should not only concentrate on parameters of upper airway disease but also take into
account the effects of treatment on lower airways. Alternatively, the impact of asthma
or COPD on rhinosinusitis remains obscure. As upper airway inflammation may be
induced by bronchial inflammation,26 rhinologists need to closely collaborate with
pneumologists to design a therapeutic strategy aimed at obtaining the optimal condi-
tion for both parts of the airway.

A minority of CRS and asthma patients are refractory to standard medical therapy
and sinus surgery procedures. In these patients, the disease development still remains
incompletely understood. Therefore, one of the future tasks that remains is to delin-
eate factors that contribute to severe CRS and asthma-like exposure to environmental
or occupational agents, underlying gastroesophageal reflux, or infection or coloniza-
tion with microorganisms. Fungal extracts and bacterial enterotoxins have been linked
recently to the etiology of NP. Research in microbial triggers and their interplay with
airway biology should be extended to viruses and atypical bacteria such as Myco-
plasma and Chlamydia. In addition, the cellular source and the mechanisms of
systemic release of proinflammatory mediators, such as IL-5 and eotaxin, by allergen
inhalation are still unknown. Whether the systemic release of these mediators repre-
sents diffusion of locally produced molecules, or rather systemic release by circulating
cells, remains to be explored. After full comprehension of the mechanisms of systemic
mediator release, novel treatment strategies can be designed, aimed at reducing the
systemic immune response with its impact on global airway disease.

For clinical practice, there is a need for noninvasive markers of inflammation in
upper and lower airways. Among noninvasive biologic markers of inflammation, nasal
and bronchial nitric oxide (NO) measurement may represent a novel tool for diagnostic
purposes as well as for the prediction of the success of therapy. Despite the validity of
NO measurements in exhaled air in asthma patients,27 its role in upper airway inflam-
mation needs to be studied further. Induced sputum, another noninvasive tool for
research, may provide relevant information on the involvement of bronchial inflamma-
tion in patients with upper airway disease. Further studies are needed for delineating
its validity in rhinologic practice.
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SUMMARY

Upper and lower airway inflammation share common pathophysiologic pathways,
frequently coexist, and communicate via the systemic circulation. The threshold for
developing symptoms in upper and lower airways relates to intrinsic and extrinsic
factors. Genetic predisposition, organ susceptibility, and breathing patterns are likely
to be involved in the development of bronchial symptoms in patients with rhinosinusi-
tis. Extrinsic factors such as the dose of exposed allergens in atopic patients, the
microbial environment, and occupational factors may all contribute to the complex
picture of global airway disease. Many unanswered questions relate to the generation
of symptoms in patients with airway inflammation. However, the awareness of bron-
chial symptoms in patients with upper airway inflammation, and vice versa, may at
this stage represent a major step forward in the diagnostic and therapeutic approach.
The full appreciation of involvement of upper and lower airway disease in one patient
can only be executed in a multidisciplinary clinical setting, involving doctors being able
to examine and interpret clinical abnormalities of upper and lower airways. Anterior
rhinoscopy and nasal endoscopy should be combined with lung function tests in
patients with any chronic airway disorder. The validation of noninvasive parameters
of airway inflammation such as NO measurement, and the optimization of combined
treatment strategies for patients with upper or lower airway disease, will be major
tasks for the upcoming decade.
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