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The relationship between the uppermost airways (which 
consist of the two nasal passages and the paranasal sinuses) 
and the lower airways (the bronchi and bronchioles) is of 
great interest both from clinical and physiologic stand- 
points. To understand illnesses which, on the surface, 
appear to affect only one element of an integral organ 
system, one should be able to understand and to visualize 
the function of the entire system. This will allow us to 
examine whether such illnesses impact various other 
elements of this system and, conversely, whether they are 
influenced by the function (or dysfunction) of these 
elements. The therapeutic implications of this approach 
are obvious. 

Several respiratory illnesses affect the nose and the lower 
airways concomitantly. These include very common dis- 
orders, such as the short-lasting common cold, as well as 
chronic conditions, such as cystic fibrosis. One of the goals 
of this report is to present evidence supporting the concept 
that allergic airways disease follows the same paradigm. The 
second goal is to discuss possible mechanisms through 
which dysfunction of the uppermost airways may affect the 
lower airways. Some of these mechanisms are not unique for 
allergic airways disease. 

A model for chronic allergic airway disease 

In the course of the past few years, we have proposed the 
model which is graphically depicted in Fig. 1 to describe 
chronic allergic airways disease as a single entity that 
includes rhinosinusitis and asthma. According to this 
model, allergic airways disease has a wide spectrum of 
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severity, the gradations of which form a continuum. At the 
mildest end lies mild upper airways disease, whereas the 
severe end is occupied by severe rhinosinusitis associated 
with asthma. Somewhere in the middle, one can envision 
cases of moderate to severe rhinitis or rhinosinusitis which 
are accompanied by lower airways hyperresponsiveness in 
the absence of any asthma symptomatology. A central 
concept behind this model is that, because of anatomic 
reasons, the upper airways constitute the first target for 
allergens and for physical and chemical environmental 
stimuli; therefore, they tend to be the first to be affected by 
allergic airways disease and, if the intensity of this disease is 
low, the upper airways may be the only part of the 
respiratory tract that is affected. A second concept is that, 
when the entire respiratory tract is involved in the allergic 
airways disease syndrome, rhinosinusitis and asthma follow 
a parallel course. 

Several postulates derive from the above aspects of the 
model. These are presented in Table 1. In order to test the 
validity of the model, these postulates need to be proven 
true. Unfortunately, systematic research in this field has not 
been performed and, therefore, the evidence supporting 
these postulates is scarce. The existing evidence, however, 
which will be presented below, indicates that the model has 
merit. 

Another central concept of this model is that the upper 
airways influence the function of the lower airways and that 
this is particularly evident and relevant in allergic airways 
disease. This concept is supported by studies examining the 
effects of manipulations of the upper airways on the 
function of the lower airways in health and disease and on 
therapeutic trials in which treatment of the upper airways 
disease results in both symptomatic and functional 
improvement of the lower airways disease. The therapeutic 
trials are reviewed in detail elsewhere in this issue. 

The coexistence and parallel relationship of 
allergic rhinitis and asthma 

Postulate 1: rhinitis should be ubiquitous in allergic asthma 

At first glance, the existing literature does not seem to 
support this hypothesis. In several reports the prevalence of 
rhinitis in asthma ranges between 28 and 8 5 %  (1-7). 
Unfortunately, the epidemiologic work in this field is 
poor. To begin with, there is no agreement as to the 
definition of rhinitis which, given the lack of standardized 
and acceptable objective indices, relies on reported sympto- 
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Figure I .  A schematic model to explain the relationship between 
rhinitis and asthma. If these two entities were regarded as the 
manifestations of a chronic allergic airway inflammatory disease in two 
different parts of the respiratory system, and if one envisions this 
cartoon as representative of a cross-sectional analysis of patients falling 
into various severity strata of the single chronic allergic airway disease, 
individuals with the mildest form of the syndrome would be placed at 
the left part of the graph and would only present with mild to moderate 
upper airway disease. On the other hand, individuals with the most 
severe manifestation of chronic allergic airway inflammatory disease 
would belong to the rightmost part of the graph. In addition to this 
“parallel” relationship between rhinitis and asthma, this model 
proposes an interaction stemming from the upper and affecting the 
lower airways. 

matology alone. Secondly, most published data derive from 
small populations of patients whose diagnosis of asthma is 
not necessarily well documented and the questions posed to 
them (such as, “do you have allergic rhinitis?”, “do you have 
hay fever!” or “do you experience problems with your 
nose!”) are not sensitive enough, especially in patients who 
have sought medxal attention for their asthma and are, 
therefore, preoccupied with their lower airways symptoms. 

Recently, we documented that the prevalence of rhinitis 
in patients with asthma of allergic etiology is in the 90% 

range (8).  In three different groups of well-characterized 
asthmatics with at least one positive epicutaneous immedi- 
ate hypersensitivity skin test totaling approximately 650  

and including adults, adolescents and children, the diagnosis 
of rhinitis was assigned if they reported a seasonal or year- 
round presence of at least two upper airways symptoms, in 
the absence of a cold or, flu. The list of probed symptoms 
included sneezing, nasal congestion, rhinorrhea and poster- 
ior nasal drainage. Interestingly, in a much smaller number 
of asthmatic individuals with a totally negative skin test 
panel (nonallergic), the prevalence of rhinitis was lower, 
around 75%. In other recent studies, including one of 
patients with occupational asthma (9), the prevalence of 
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Table 1. Postulates deriving from the model of association between rhinitis and asthma presented in Fig. 1. Epidemiologic and 
exoerimental evidence suooortina these oostulates ic decrrihed in the text 

rhinitis in asthmatics has been reported to be close to the 
one we have observed 17). 

The question is raised as to what may be different in the 
remaining ic-is% of patients with asthma who deny any 
symptoms from the upper respiratory tract. Interesting 
information concerning such patients derives from the work 
of Gaga and colleagues, who have recently performed nasal 
mucosal biopsies in such patients as well as in patients 
with asthma and rhinitis and in healthy controls. These 
investigators found that elements of inflammation exist in 
the nasal mucosa of nonrhinitic asthmatics, some of which 
(such as the number of activated, EGz + eosinophils) do not 
differentiate them from patients with asthma and rhinitis 
(10). Thus, even patients with asthma who do not complain 
of rhinitis symptoms may have histologic evidence of upper 
airways inflammation. 

Postulate 2: allergic rhinitis should be a predisposing factor for 
asthma 

Various studies have supported this concept. In our survey, 
approximately 80% of patients with asthma and rhinitis 
developed upper airway disease either before or at the same 
time as their asthma (8). In a study by Settipane and 
colleagues, approximately 700 college freshmen who were 
surveyed for the presence of asthma and allergic rhinitis 
were re-evaluated in a second survey 2 3  years later. Of those 
who did not have asthma in the first evaluation, but did have 
allergic rhinitis, 10.5 % had developed asthma by the second 
evaluation. In contrast, among those who were originally 
free of rhinitis, only 3.6% had developed asthma. In other 
words, the odds ratio for developing asthma, if rhinitis is a 
pre-existing conltion, is approximately 3 (1 1). Several other 
longitudinal, prospective studies have produced similar 
results (12, 13). 

Postulate 3: individuals with asthma and rhinitis should have 
worse upper airway disease compared to individuals with 
rhinitis alone 

Our group has recently generated data from various studies 
providing support to this postulate. First, by analyzing our 

volunteer database that contains approximately 3 3 0  fully 
characterized individuals with asthma and rhinitis as well as 
I 10 individuals with rhinitis alone, we have found that the 
percentage complaining of nasal symptoms upon exposure 
to various allergens and irritants is consistently higher 
among those with both upper and lower airways disease (14). 

Secondly, in the experimental setting, comparison of a group 
of asthmatics with rhinitis to a group with rhinitis alone, in 
terms of nasal responsiveness to cold, dry air, has yielded 
clear evidence that the former group mounts a stronger 
reaction to this nonantigenic stimulus, both with respect to 
nasal symptomatology as well as with respect to biochem- 
ical markers of mast cell and glandular activation in nasal 
lavage fluids (1 5).  Support for the same concept derives from 
a group of patients with refractory rhinosinusitis who are 
being studied at the Johns Hopkins Asthma and Allergy 
Center in order to characterize the nature of their upper 
airways disease. Interestingly, without any identifiable 
recruitment element that could bias the sample, 50% of 

these patients report a history of asthma. This is higher than 
the prevalence of asthma in the general population [around 
6 % )  or in nonselected populations of patients with allergic 
rhinitis (i3-38%) (2, 3, 5, 16). Cytologic analysis of baseline 
nasal lavage fluids in subjects with refractory rhinosinusitis 
demonstrated that asthmatics have approximately four 
times the number of cells in their nasal fluids compared 
to patients with rhinosinusitis alone. This ratio is consistent 
if particular inflammatory cells, such as neutrophils and 
eosinophils, are considered (17). In addition those patients 
with a history of asthma, compared to those who deny lower 
airways symptoms, have worse olfactory ability, as mea- 
sured by the University of Pennsylvania Smell Identification 
Test (UPSIT) ( is) ,  and have higher reported prevalence of 
nasal polyposis and a higher number of previous sinus 
surgeries. 

Postulate 4 among asthmatics with allergic rhinitis, those with 
worse upper airways disease should have worse asthma, 
compared to those with milder upper airways disease 

Once again, this postulate is supported by several studies, 
mostly of epidemiologic and/or pharmaco-economic nature 
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(19-21). These are cross-sectional surveys and, although 
they provide strong evidence for the concept, they do not 
offer information regarding the validity of the model on 
individual patients. In other words, it is not known whether 
the natural fluctuations of upper and lower airways disease 
occur in parallel. Such information can only be obtained in a 
prospective cohort trial which is yet to be performed. 

In a study by Huse and colleagues, well-defined outcomes 
which are indicative of asthma severity were compared 
between two groups of asthmatics: those with severe allergic 
rhinitis and those with mild or no upper airways disease (20). 

In this study, which included approximately 1300 patients, 
the presence of severe rhinitis was associated with higher 
asthma morbidity. Similar data were generated by the same 
group in a pediatric population (19). 

In 1995, we performed a retrospective survey to calculate 
asthma-related costs in a large database of a northeastern US 
health insurance company. Using standard &agnostic codes, 
we identified approximately 35 ooo patients with asthma, of 
whom approximately 45% also carried the diagnosis of 
allergic rhinitis. This relatively low prevalence of rhinitis, as 
opposed to its almost ubiquitous presence in atopic 
asthmatics which, as mentioned above, can be demon- 
strated when specific rhinitis questionnaires are used (8), 

probably reflects the low sensitivity towards this condition 
by physicians who are presented with a lower airways 
problem and the failure of patients to seek attention for their 
upper airways symptoms because of their preoccupation 
with their asthma. Consequently, we believe that for 
rhinitis to be added by physicians to the list of diagnostic 
codes in patients with the primary complaint of asthma, the 
problem of the upper airways must be severe. In our study, 
the annual health care costs including outpatient visits, 
hospitalizations, as well as asthma and rhinitis medications 
were almost double for patients with asthma and rhinitis, in 
comparison to those with an asthma diagnostic code alone 
(21). This difference was not due only to increased 
medication costs but also to increased outpatient visits, 
and was evident in all subpopulations, including pediatric 
patients. The most significant finding, however, was that 
the difference in total medication-associated costs was due 
not only to the prescriptions for anti-rhinitis drugs but also 
to increased prescriptions for anti-asthma agents in the 
patients with asthma and rhinitis, in comparison to the 
patients with the diagnosis of asthma alone (Table 2). 
Although the increased prescription rates and usage 
of medications for asthma may not be the best indlces 
of asthma severity, they are certainly very suggestive of 

increased problems from the lower respiratory tract requir- 
ing more vigorous pharmacologic intervention. 

The vertical relationship of allergic rhinitis 
and asthma 

The clinical and experimental information presented above 
indicates that allergic rhinitis and asthma are, indeed, 
manifestations of a single nosologic entity, that of chronic 
allergic airways disease in the mildest forms of which only 
the upper airways are affected. In some of these studies, 
however, the findings also raise the possibility that the 
affliction of the upper airways per se has pathophysiologic 
impact on that of the lower airways. This possibility is 
indicated in Fig. 1 by the downward arrow from upper to 
lower airways disease. If this aspect of the chronic allergic 
airways disease model is correct, two additional postulates 
should prove true: first, experimental provocations targeting 
the upper airways should also adversely affect the lower 
airways; secondly, local treatment of rhinitis should benefit 
the clinical course of asthma. 

Nasal provocation: effects on the lower airways 

Nasal allergen challenge has both acute (within minutes) 
and subacute (within hours) local effects which were well 
described over a decade ago (22-25). In these studies, 
however, the lower airways were never considered. In 
197 1 Hoehne and Reed applied ragweed pollen grains into 
the noses of eight asthmatics and failed to demonstrate any 
acute effects on FEVl (26). In 1986 Schumacher and 
colleagues, using additional, more sensitive pulmonary 
function tests, also yielded relatively negative results (27). 
A few years later Plotkowski et al., Corren and colleagues, as 
well as our group, confirmed these negative findings (28-30). 
However, both Corren and ourselves concentrated on 
potential late effects on the lower airways following nasal 
allergen challenge. In these studies, evidence was generated 
that nasal allergen provocation can produce late reductions 
in lower airway caliber and can increase airways respon-, 
siveness in asthmatics with allergic rhinitis. 

In the study published by Corren et al. in 1992, 
participants were selected on the basis that they reported 
worsening of asthma symptoms following seasonal exacer- 
bations of their rhinitis (29). After a baseline bronchial 
methacholine provocation at 0800 h, liquid extract from 
allergenic material (or its vehicle alone) was administered to 
the nasal cavities through a metered pump spray around 
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Table 2.  Percentages of patients usin various anti-asthma medications. 
The data derive from the database o? a large health insurance 
comoanv of the Northwest United States 

1100 h. Bronchial methacholine provocation was repeated 1 
and 5 h later. Following the nasal provocation with the 
vehicle, these investigators observed an improvement in 
airways responsiveness to methacholine, i.e. higher doses of 
the spasmogen were required to induce the targeted 20% 

reduction in lung function. This improvement was evident 
at both the 1200 h and the 1600 h timepoints and was 
essentially eliminated on the day of nasal allergen challenge. 
The inhibition of the diurnal improvement in airways 
responsiveness constituted indirect evidence that airways 
responsiveness actually increased following nasal allergen 
provocation. Corren and colleagues did not observe reduc- 
tions in lung function during the timepoints when respon- 
siveness appeared to have been affected by allergen 
challenge. Importantly, these investigators performed a 
control experiment using radiolabelled nasal aerosol and 
found that none of the solution delivered to the nose in the 
course of the allergen (or vehicle) provocation could be 
detected in the lower airways. This experiment ensured that 
the nasal allergen provocation was, indeed, a local event and 
indicated that the observed effects on the lower airways 
were related to the events in the nasal passages. 

In a group of 1 5  individuals with chronic allergic airways 
disease who were not selected for any particular character- 
istic other than positive skin tests to ragweed or grasses, we 
replicated Corren’s protocol with some modifications (30) .  
In this study, in order to put the effects of nasal allergen 
challenge on the lower airways into perspective, in addition 
to the nasal challenges we included two more provocations, 
with vehicle or allergen, this time in the lower airways. In 
the nasal challenge protocols, bronchial methacholine 
provocations were performed at baseline and at 5, 1 2  and 
22 h after the nasal challenge. In the bronchial allergen [or 
vehicle) challenge protocols, methacholine provocation was 
performed at baseline and at 2 2  h after the allergen (or 
vehicle) challenge. Although 25-30% of the subjects 
participating in this study showed meaningful increases in 
airways responsiveness following nasal allergen provocation 

(Fig. z ) ,  the group data did not yield statistically significant 
changes at any timepoint. However, in this group of 
unselected asthmatics, neither did the inhalation of allergen 
to the lower airways result in significant changes in lung 
function or in increased airways responsiveness to metha- 
choline. Some additional findings are noteworthy: first, in 
those subjects whose airways responsiveness to methacho- 
line increased following the nasal allergen provocation, 
reductions in lung function were observed and these were 
strongly correlated with the changes in airways responsive- 
ness; secondly, our data suggested that the asthmatics 
whose airways responsiveness and lung function were 
affected by the nasal allergen provocation were those who 
experienced similar changes when allergen provocation was 
performed on their lower airways. 

Based on the last observation, a second study was designed 
to examine whether the patients with asthma, who 
experience significant changes in methacholine responsive- 
ness and in airways function following exposure to allergen 
challenge, do so regardless of whether the allergen is inhaled 
directly into the lower airways or administered into the 
nose. In that study, 10 asthmatics were selected on the basis 
of experiencing an at least 0 . 3 3  log decrease in methacholine 
PD20, 24 h after bronchial allergen inhalation challenge, on 
two consecutive occasions. Approximately 45 asthmatics 
had to be screened to obtain this well-defined group. 
Thereafter, a nasal provocation with allergen was performed 
and airways responsiveness was monitored 6 and 2 2  h later. 
In this group, 6 h after the nasal allergen provocation, a 
statistically significant increase in lower airways respon- 
siveness to methacholine was observed (unpublished data]. 
However, lung function was not reduced from baseline at 
the same timepoint. Airways responsiveness returned to 
baseline within 24 h. 

In another trial performed by our group, asthmatics were 
selected on the basis of having demonstrated an inflamma- 
tory infiltrate in nasal lavage fluids between 4 and 24 h after 
nasal allergen challenge. In these individuals, the effects of 
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-3% \ *% inhaled allergen leads to similar changes in the lower 
airways. The mechanism( s) behind this nose-lung interac- 
tion or behind the concordance of the physiologic effects of 
allergen provocation, whether it is delivered to the upper or 
the lower airways, is(are) unknown at this point. 
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Figure I. Example of the effect of nasal allergen provocation on lower 
airways responsiveness to methacholine. The data depicted derive from 
a single subject who underwent the experimental protocol twice within 
a period of 1 month, to ensure reproducibility. In both instances, 
significant increases in lower airways responsiveness were observed 
24 h after nasal allergen challenge. In our hands, 25-30% of mild 
asthmatics develop increased lower airways responsiveness after nasal 
allergen challenge. Ag: antigen. 

nasal allergen challenge on lung function and airways 
responsiveness to methacholine were evaluated and a 
pharmacologic intervention was attempted: in a double- 
blind, cross-over fashion, subjects were treated with an 
antihistamine, cetirizine, 20 mg per day for 7 days, or with 
placebo. As in our first trial, during the placebo arm of this 
study we did not observe increased methacholine respon- 
siveness at 6 or 24 h after the nasal allergen challenge; 
however, once again 30% of these subjects developed 
increased responsiveness. In addition, FEV, and FVC were 
significantly decreased from baseline 6 h after the nasal 
allergen challenge, an effect that was reduced by pretreat- 
ment with cetirizine (31). 

Taken together with Corren’s observations, the studies 
presented above suggest that somewhere between 20 and 
30% of patients with chronic allergic airway disease 
experience an interaction between the upper and the 
lower airways. This interaction consists of reduction in 
airways caliber and/or increase in airways responsiveness 
after nasal allergen provocation. Interestingly, these are 
effects that can also be observed during the same time 
interval, when allergen is directly inhaled into the lower 
airways. Moreover, evidence exists that these effects of nasal 
allergen challenge are more prominent in patients in whom 

Treatment of rhinitis: effects on  asthma 

Several studies have been performed by investigators around 
the globe examining the effects of rhinitis treatment on 
asthma. In some of these studies, systemic treatments with 
antihistamines or even with combination of antihistamines 
and decongestants were used (32-42). Because it is unknown 
whether these agents, in addtion to their beneficial effects 
in rhinitis, can directly affect the lower airways, these 
studies cannot be used to assess the interaction between the 
upper and lower airways. Also, it is noteworthy that among 
many trials of antihistamines for the treatment of asthma, 
only a few have produced significant improvement in the 
symptoms and even fewer in lung function ( 3 2 ,  40, 42, 43). 

The best experimental approach in this context is 
provided by a number of trials which have employed topical 
nasal corticosteroids as the treatment for rhinitis and have 
examined the effects of such treatment on clinical and 
physiologic asthma outcomes (44-49). In these trials, which 
are presented in more detail elsewhere in this issue, the 
findings have been consistent and indicative of a beneficial 
effect of nasal topical steroids in asthma. It is important to 
note that not only were asthma symptoms and medication 
usage reduced with nasal steroids, but lung function, 
airways responsiveness to methacholine and exercise- 
induced airway narrowing were also found to improve. 
Although these beneficial effects of nasal glucocorticoster- 
oids in asthma could be partly attributable to possible, albeit 
very small, systemic bioavailability of these agents, it is 
reasonable to conclude that these findings offer further 
support to the overall concept that an interaction between 
rhinitis and asthma exists with the former contributing to 
the seventy of the latter. 

Possible mechanisms through which nasal 
disease may affect lower airways disease 

Loss of nasal function 

Galen was the first to offer insights on the function of the 
nose and to posit the notion that it plays a protective role for 
the lower airways through its ability to clean, warm and 
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humidify inhaled air (so) .  Indeed, the enormous capabilities 
of the nasal passages to perform these tasks are today well 
documented and recognized ( 5  1 ) .  In addition the nasal 
mucosa, through its abundant submucosal glands, provides 
innate immune functions through the release of anti- 
bacterials such as lysozyme and lactoferrin ( s z ) ,  specific 
immune functions by facilitating the complexing of IgA 
with the secretory component (53, 54) and chemical 
defenses, by releasing anti-oxidants such as uric acid in 
the epithelial lining fluid ( 5 5 ) .  Recently, it has been 
recognized that another product of the upper airways, 
mainly derived from the paranasal sinus mucosa, nitric 
oxide, may have very significant physiologic and protective 
functions for the lower human airways (56, 57). 

Allergic disease may lead to partial or complete loss of the 
function of the nose as it pertains to its beneficial effects on 
the lower airways. One way by which nasal function is 
"lost" is when nasal airways are bypassed if complete 
obstruction due to mucosal congestion makes oral breathing 
obligatory. In such a case, the lower airways of an asthmatic 
patient will have to compensate for the poorer condition in 
which inhaled air will be when it reaches the trachea and the 
intrathoracic elements. A typical example of how the lower 
airways of patients with asthma may be affected by the 
bypassing of the nose derives from studies examining the 
effect of exercise on the lower airways when breathing takes 
place through the nose vs the mouth (58, 59).  In these 
studies, exercise- or hyperventilation of air at subfreezing 
temperature-induced reduction in lung function was mark- 
edly attenuated when breathing took place through the nose, 
as opposed to the mouth. 

In the setting of active allergic rhinitis breathing may, at 
least partially, take place through the nasal passages. Even 
so, the existing mucosal disease may lead to decreased 
ability for air-con&tioning. Recently, Rouadi and collea- 
gues examined the ability of the nasal passages to warm 
and humidify air and suggested that it was reduced in 
patients with active allergic rhinitis (60).  Another possibi- 
lity is that blockade of the paranasal sinus openings into 
the nasal cavities, as well as epithelial dysfunction 
resulting from chronic inflammatory sinus disease, may 
reduce the availability of nitric oxide in the upper and 
lower airways. Reduced levels of nitric oxide in nasal air 
samples have been reported in patients with chronic sinus 
disease (61)  and in patients with obstructive nasal poly- 
posis (62) .  However, in allergic nasal disease nasal nitric 
oxide levels may be higher or not different from control 
levels (62,  6 3 ) .  

Neurally mediated interaction between the nose and the lung: 

the nasobronchial reflex 

The existence of a central reflex that originates from the 
sensory nerve endings, travels to the central nervous system 
(CNS) through the trigeminal nerve and follows an efferent 
pathway through the vagus nerve to produce airway smooth 
muscle contraction has been under debate for years. In 
animal models, there is little doubt that such a reflex exists 
(64, 65).  However, the human data are controversial. In 1969, 
Kaufman and Wright exposed the nasal passages of healthy 
individuals to silica particles and observed invariable 
increases in tracheobronchial airway resistance. These 
responses were prevented by prior injection of atropine 
(66) .  One year later the same investigators reported that this 
phenomenon could be ablated in individuals in whom 
trigeminal resection had been performed to treat intractable 
tic douloureux (67). With trigeminal resection the sensor- 
ineural apparatus of the nose is lost. In 1983, Yan and 
colleagues presented their data using aerosolized nasal 
histamine provocations in patients with asthma, in approxi- 
mately 50% of whom they found progressive reductions in 
lung function with increasing doses of the stimulus (68).  No 
vehicle provocation was performed, nor was a control 
population of healthy subjects employed in this study, to 
assess whether this phenomenon is more evident in asthma. 
In another uncontrolled report, Nolte and Berger sprayed 
cold air (a freon-propelled metered dose aerosol) inside the 
nasal passages and produced changes in lower airway 
resistance in almost all subjects with asthma that they 
tested (69).  None of their healthy controls showed any 
changes in resistance. 

A few years later, Schumacher and colleagues used small 
filter paper discs applied onto the inferior turbinates, loaded 
with 10 ~1 of saline, histamine solution or allergen extract, 
and tested both healthy subjects and stable allergic 
asthmatics (27) .  Although most lung function parameters 
were not affected by any of the above provocations in any of 
the two subject groups, it was notable that maximal 
expiratory flows at 50% and 75% of vital capacity were 
reduced in the asthmatic group with all three nasal 
provocations. The authors dismissed this finding as non- 
specific. However, the possibility that this "nonspecificity" 
is indicative of the irritant nature of the response and of the 
participation of the nasal sensorineural apparatus was not 
raised. Nevertheless Schumacher's study, together with two 
subsequent publications from different groups (70, 71), "put 
a lid" on the debate regarding the existence of a nasobron- 
chial reflex in humans until the recently published work by 
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Fontanari et al. (72, 73). These investigators performed nasal 
provocations with high flow bursts of cold, dry air on 
patients with asthma, as well as on healthy controls. Using 
the interruption resistance technique, they reported 
increased resistance in both groups during the cold air 
exposure, but not when warm air was used as the control 
provocation. Although the reported increments in airways 
resistance were relatively small, a number of control 
experiments were performed to validate the findmgs. 
Fontanari and colleagues failed to produce changes in 
airway resistance when the cold air was delivered into the 
mouth. In addition, application of lidocaine in the nasal 
passages reduced the effect of nasal cold air provocation on 
the lower airways; on the other hand, inhalation of atropine 
directly into the lower airways had a similar effect. We have 
also recently obtained experimental evidence that the 
nasobronchial reflex may be operable in humans. Using a 
potent and specific neural stimulus, capsaicin, which was 
aerosolized in the nose in such a way that no lower airways 
penetration would occur, we observed that approximately 
30% of the subjects with active rhinitis and asthma 
demonstrated acute reductions in FEVl and FVC, within 
3 0  s after the challenge. This effect was short-lasting: within 
a minute from the nasal provocation, the spirometric 
outcomes had returned to baseline. Control provocations 
with the capsaicin vehicle did not produce airway obstruc- 
tion (unpublished observations]. 

Indirect support for the concept of a nasobronchial reflex 
can be drawn by the work of Bucca and colleagues, who have 
extensively evaluated a similar phenomenon relating the 
pharynx to the lower extrathoracic airways (74-78). In her 
investigations Bucca has reported that, in patients with 
sinusitis and asthma, or even in patients with sinusitis 
alone, inhalation of histamine produces extrathoracic air- 
ways obstruction evidenced by declines in the maximal 
inspiratory flow at 50% of vital capacity. In those 
individuals in whom both extra- and intrathoracic obstruc- 
tion is produced by histamine inhalation, the two effects are 
well correlated. Interestingly, pharyngeal biopsies from 
patients with chronic sinusitis and extrathoracic airways 
“hyperresponsiveness” show evidence of increased nerve 
fiber density (77) offering a potential explanation for the 
phenomenon of extrathoracic airways obstruction being 
more prominent in these individuals. It is possible, there- 
fore, that the histamine-induced extrathoracic (but also 
intrathoracic) airway obstruction may originate from oro- 
pharyngeal reflexes. 

Even if we accept the notion that a nasobronchial reflex 
exists, its role in mediating the clinical consequences of the 

interaction of the nose with the lower airways is not easy to 
envision. Based on the existing experimental evidence, this 
neural activity is expected to be operable only upon intense, 
acute stimulation of the nasal mucosa; this should occur on 
an episodic basis and it is doubtful that it could lead to an 
overall worsening of asthma. Even if we were to accept that 
nasal sensory nerve stimulation by the products of allergic 
reactions (e.g. histamine, bradykinin) or by environmental 
irritants takes place constantly, the unavoidable tachyphy- 
laxis of the sensory nerves should dampen any untoward 
reflex effects on the lower airways. On the other hand, it is 
worth pointing out that, in active allergic disease of the 
nasal airways, the sensorineural apparatus appears to be 
upregulated to a state of hyperresponsiveness making it 
quite susceptible to stimulation by endogenous biochemical 
products and by exogenous irritants (79-83). The phenom- 
enon of neural hyperresponsiveness may potentiate the 
nasobronchial reflex to the extent that it becomes clinically 
significant. This concept requires experimental support. 

Propagation of inflammation from the upper to the lower 

airways via the airways 

The concept that inflammatory product-rich secretions from 
the upper airways of patients with rhinosinusitis, or even 
with rhinitis, are aspirated into the lower airways with 
adverse consequences has been invoked almost as a dogma 
by clinicians and is widely viewed as the mechanism for 
lower airways symptoms, especially after an upper respira- 
tory infection. It is quite possible that early morning 
coughing in individuals with acute or chronic upper airways 
disease is associated with accumulation of secretions in the 
lower pharyngeal area, stimulating irritant receptors (84). It 
is questionable, however, whether these secretions can 
reach the intrathoracic lower airways in adequate quantities 
to alter their physiology and to generate exacerbations, or to 
chronically worsen lower airway function in patients with 
asthma. By placing traced material in the posterior 
oropharynx and monitoring its appearance within the lung 
fields, Huxley and colleagues demonstrated several years 
ago, that, even individuals with intact sensorium may 
experience aspiration (85). However, in 1990, Bardin et al. 
injected traced material in the maxillary sinuses of patients 
with acute sinusitis and asthma but failed to detect any 
radioactivity within the lung fields in the next 24 h (86). The 
most intriguing data related to this concept derive from a 
rabbit model of inflammatory, sterile sinusitis induced by 
injection of the chemoattractive complement fragment CSa 
des arg into the maxillary sinuses (87). In that model, it was 
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demonstrated that the development of sinusitis is associated 
with lower airways hyperresponsiveness. Injection of the 
complement fragments into a knee joint, despite the 
induction of local inflammation, I d  not result in changes 
of airways physiology. On the other hand, the sinusitis- 
induced lower airways hyperresponsiveness was eliminated 
by positioning of the rabbits in such a way that airway 
secretions would not travel, by way of gravity, into the lower 
airways, or by eliminating upper-lower airway communica- 
tion with the use of an inflated endotracheal tube cuff. This 
model offers strongly suggestive evidence that upper airways 
secretions may produce changes in lower airway physiology. 
Unfortunately, such experimentation would be quite diffi- 
cult to reproduce in humans. Thus, with so little and 
conflicting evidence, the concept of upper airway secretions 
being the culprit behind nose-lung interaction in asthma 
remains elusive. 

Propagation of inflammation from the upper to the lower 

airways via the systemic circulation 

There is good evidence that allergic inflammation develop- 
ing in the respiratory mucosa may result in systemic 
inflammatory events. For example, changes in peripheral 

white blood cells, such as eosinophils, have been reported 
after allergen inhalation challenge of the lower airways (88- 

90). We also have unpublished evidence that peripheral 
eosinophils double in number approximately 24 h after 
nasal allergen challenge. Although no experimental infor- 
mation indicating that nasal inflammation leads to a 
systemic inflammatory signal that further manifests with 
changes in lower airways physiology exists, our current 
understanding of the interactions between local and 
systemic elements of the immune system makes this 
possibility worth examining. 

A schematic proposal of potential pathways that may be 
involved in such mechanism is presented in Fig. 3 .  One 
pathway could involve absorption of spasmogens from the 
mucosal site of the nasal allergic reaction into the peripheral 
circulation. These spasmogens would then reach lower 
airway smooth muscle to cause bronchoconstriction. Our 
previously reported finding, that an antihistamine can 
prevent the reduction in lung function which is observed 
6 h after nasal allergen challenge in patients with asthma 
( 3 i ) ,  supports this pathway. However, the fact that the 
reduction in lung function is observed only at a later 
timepoint and not acutely after nasal challenge (when the 
highest levels of spasmogenic mediators are found in nasal 

Nasal inflammation Endothelial activation 

C ytokines Spasmogens 

c 
Activation of circulating 

inflammatory cells 

Bone marrow 
activation 

Increased number of 
circulating inflammatory 

cells 

Figure 3 .  Potential systemic pathways through which inflammation produced by allergic reaction in the upper airways could affect the lower airways 
of individuals with active asthma. 
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lavage fluids) casts some doubts to this hypothesis. In 
another potential pathway, circulating inflammatory leu- 
kocytes would be activated through their interaction with 
adhesion molecules presented by the nasal mucosal 
endothelium or by cytokines released at the allergic reaction 
site and similarly absorbed into the blood. Activated cells 
would then home in tissues with ongoing inflammation 
which, in the case of a patient with active asthma and 
recently induced rhinitis, would include both the upper and 
lower airways mucosa. In parallel, acting as a potentiating 
mechanism, the same (or dlfferent) cytokines could stimu- 
late the bone marrow to increase the number of circulating 
inflammatory cells. Although, as mentioned above, we have 
recently generated evidence of increased peripheral blood 
eosinophilia following nasal allergen provocation, the 
possibility that lower airways mucosal inflammation may 
increase following nasal allergen provocation has not been 
examined. 

Conclusions 

Although many unanswered questions still exist regarding 
the relationship between allergic rhinitis and asthma, the 
very rational concept that the two illnesses represent the 
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