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Background: Asthma associated with sinusitis is supposed to be sustained by
bronchoconstrictive reflexes originating in extrathoracic airway (EA) receptors.
Objective: The study was designed to evaluate the relationship between EA responsiveness

and bronchial responsiveness in sinusitis.

Methods: We performed histamine inhalation challenge in 106 patients with chronic sinusitis,
during disease exacerbation and after treatment with antimicrobials and nasal flunisolide (100
ug daily) for 2 weeks. Forced expiratory volume in 1 second (FEV,;) and maximal mid-
inspiratory flow (MIFs,) were the respective indexes of bronchial and EA narrowing; the
histamine concentrations causing a 20% fall in FEV, (PC,,) and 25% drop in MIFs,
(PC,sMIF 5,) were used as thresholds of bronchial and EA responsiveness. Thresholds of 8
mgiml or less were assumed to indicate bronchial hyperresponsiveness (B-HR) or EA

hyperresponsiveness (EA-HR).

Results: During sinusitis exacerbation 76 patients had EA-HR, which in 46 was associated with
B-HR. The values of PC,, were closely related with those of PC,sMIFs, (p < 0.001). EA-HR
and B-HR were strongly associated with pharyngitis. After treatment, mean PC,sMIFs, and PC,,
were significantly increased (p < 0.001). The improvement of PC,sMIF 5, was closely related to
that of PC,, (p < 0.001) and to the decrease in neutrophils in nasal lavage (p < 0.05). EA-HR
reversed in 58 patients and improved in 10; B-HR reversed in 29 and improved in 12.
Conclusions: Our findings suggest that in sinusitis, B-HR may be sustained by constrictive
reflexes originating in pharyngeal receptors, made hypersensitive by seeding of the
inflammatory process. (I ALLERGY CLIN IMMUNOL 1995;95:52-9.)
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Although the association between sinusitis and
asthma is well recognized,’ whether the two dis-
eases are linked by a cause-and-effect relationship
or are the result of a pathogenetic event affecting
the whole respiratory tract is still controversial.
The hypothesis that asthma is triggered by sinusitis
is supported by the results of clinical investigations
showing that sterilization and drainage of parana-
sal sinuses results in improvement of asthma.®!!
According to this hypothesis, inflammatory medi-
ators produced in paranasal sinuses elicit broncho-
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Abbreviations used
B-HR: Bronchial hyperresponsiveness
EA: Extrathoracic airway

EA-HR: Extrathoracic airway hyperrespon-
siveness
FEV,: Forced expiratory volume in 1 sec-
ond
FVC: Forced vital capacity
MEF,,: Mid-expiratory flow
MIF,,: Mid-inspiratory flow
PC,,: Provocative concentration causing
a 20% fall in FEV,
PC,sMIFs,: Provocative concentration causing

a 25% fall in MIFs,
TLC: Total lung capacity

constriction either by stimulating neural receptors
in the nose, sinuses, or pharynx or by dripping into
the lower airway. To explore this hypothesis Irvin'?
performed an elegant series of experiments with an
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TABLE . Data obtained at the first

examination during exacerbation of sinusitis

Variable No. %

Number of patients 106
Women 55 52
Smokers 22 21
Increased total or specific IgE 36 34
Allergic rhinitis 14 13
Postnasal drip 89 84
Cough 84 79
Pharyngitis 49 46
Wheeze 42 40
Sinusitis type:

Maxillary 55 52

Frontal 22 21

Ethmoidal 12 11

Pansinusitis 17 16
Hyperplasia of turbinates 50 48
Polypoid changes 15 14
Nasal lavage

Neutrophil score mean 3.04 (1.47)

(SEM)

Nasal eosinophilia 36 34
Histamine responsiveness

EA-HR 76 72

EA-HR + B-HR 46 43

animal model of sinusitis.> Their findings indicate
that nonspecific bronchial hyperresponsiveness (B-
HR) is sustained by activation of a pharyngobron-
chial reflex, rather than by a nasobronchial reflex
or by seeding of the inflammatory process into the
lower airway.

On the basis of physiologic studies showing that
inspiratory flows are sensitive indicators of ex-
trathoracic airway (EA) narrowing, either fixed or
variable in nature,'*!* we commonly record the
flow-volume loop, in addition to the forced expi-
ratory volume in 1 second (FEV,), during bron-
chial challenge to explore EA responsiveness. Us-
ing this method, we previously found that patients
with asthmatic symptoms'® showed three different
patterns of response to histamine inhalation chal-
lenge: one third had a decrease in FEV, consistent
with predominant B-HR, one third had only a
marked dose-dependent decrease in inspiratory
flows, consistent with predominant EA hyperre-
sponsiveness (EA-HR), and one third had both
B-HR and EA-HR. Fibroscopic examination, per-
formed in a few of these patients before and after
the challenge, actually showed that the drop in
inspiratory flows after histamine corresponded to
reddening, edema, and hypersecretion of pharyn-
golaryngeal mucosa and to paradoxical adduction
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FIG. 1. Relationship between bronchial and EA respon-
siveness during exacerbation of sinusitis.

of the vocal cords during forced inspiration.’
Interestingly, this abnormal response pattern was
strongly associated with upper respiratory tract
diseases, such as postnasal drip, pharyngitis, and
sinusitis. These findings indicated that EA-HR
may be sustained by a local inflammatory process.

The aim of this study was to investigate whether
hypersensitivity of EA receptors might represent
the link between sinusitis and bronchial hyperre-
sponsiveness. To investigate this matter we evalu-
ated the relationship between extra- and intratho-
racic airway responsiveness to inhaled histamine in
patients with chronic sinusitis. The patients were
examined during exacerbation of the disease and
after treatment with topical flunisolide and antibi-
otics for 2 weeks.

METHODS

One hundred six subjects who had exacerbation of
chronic sinusitis were selected from the outpatients of an
ear, nose, and throat clinic. Exacerbation of chronic
sinusitis was defined on the basis of: (1) purulent dis-
charge from the nose, (2) postnasal drip, (3) tenderness
over any of the paranasal sinuses, (4) radiclogic evidence
of opacification or mucoperiosteal thickening or air fluid
level in one or more paranasal sinuses, (5) prevalence of
neutrophils in nasal swab greater than 10% of enumer-
ated cells, and (6) documented recurrence of acute
purulent infection in the last 12 months. The selection
criteria were: (1) normal lung function test results, with
no evidence of EA obstruction in the inspiratory flow/
volume curve*3; (2) no documented history of asthma,
cystic fibrosis, chronic bronchitis, bronchiectasis, immu-
nodeficiency state, or diabetes; (3) no reported viral
airway infection and no contact with subjects affected by
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TABLE Il. Factors affecting EA and
bronchial responsiveness

SEM p
B of B t Value
PC,sMIF5,
Constant 0.982
Female sex —-0.196 0.068 2.882 0.01
Cough —-0.208 0.085 2.447 0.02
Pharyngitis —0.140 0.067 2.089  0.05
Multiple r = 0.509 <0.001
PC,,FEV;
Constant 1.390
Wheeze —0.384 0.106 3.597 <0.001
Pharyngitis —0.279 0.093 2988 0.004
Female sex —-0.260 0.097 2.676  0.009

-0.252 0.106 2367 0.02
<0.001

Nasal eosinophils
Multiple r = 0.653

B, Coefficient B; ¢, ¢ test.

“common cold” or the “flu syndrome” in the 6 weeks
preceding the study; (4) no use of antimicrobials in the
past 4 weeks, (5) no need for bronchodilators, cortico-
steroids, disodium chromoglycate, or antihistaminics in
the last 3 months.

The protocol of the study was approved by a local
ethical committee, and informed consent was obtained
from all the patients. Patients were examined during
exacerbation of sinusitis and after treatment with anti-
microbials and topical flunisolide for 2 weeks.

First examination

During exacerbation of the disease, the subjects un-
derwent the following procedures.

Recording of symptoms. Symptom recording was
based on the American Thoracic Society question-
naire,'” which included detailed questions on upper
airway symptoms. Pharyngitis was defined in patients
with sore or burning sensation in the throat, in whom the
ear, nose, and throat consultant had found reddening,
edema, and exudation of the pharyngeal mucosa.

Sinus x-ray films. Upright, posteroanterior, and lateral
views were taken.

Serum IgE measurement. Total serum IgE levels were
titrated by the Phadebas PRIST (Pharmacia Diagnostics
AB, Uppsala, Sweden), and serum-specific IgE levels for
the most common aeroallergens were determined by the
Phadebas RAST (Pharmacia). Subjects with levels of
specific IgE over 3 Ul/ml or total IgE counts over 180
kU/L, the upper normal value in our laboratory, were
designated as atopic.

Nasal swabs. A nasal secretion sample was taken from
both nasal cavities by wiping the surface of the inferior
turbinate with a cotton-tipped applicator. The sample
was smeared over a standard glass slide, fixed, stained,
and immediately examined to confirm the predominance
of neutrophils over other cell types.
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TABLE lll. Effect of treatment on
prechallenge lung function, bronchial and
EA responsiveness, and neutrophil score in
nasal lavage

Before
treatment  After treatment
Variable (mean = SEM)} (mean = SEM)
FEV, (L) 3.25 £ 0.09 3.26 = 0.09
MEF,, (L/sec) 4.36 = 0.14 4.54 = 0.15
MIF;, (L/sec) 5.14 = 0.15 5.60 £ 0.16
PC,y (mg/ml)* 7.94 +1.12 15.8 = 1.10%
B-HR (n) 46 (52%) 17 (19%)t
PC,sMIF;, (mg/ml)* 324 £ 112 16.2 = 1.10%
EA-HR (n) 76 (86%) 18 (20%)7
Neutrophil score (n) 3.08 =017  0.68 = 0.847F

*Geometric mean.
ip < 0.001.

Nasal lavage. Five milliliters of saline solution was
inserted in each nostril, with the patient’s head bent
backwards, during closure of the soft palate. After 10
seconds, the patient flexed his neck and expelled the
liquid into a plastic tube. The volume of returned fluid
was then measured, and the total number of cells was
counted in a Birker chamber (Assistent, Sondheim/
Rhén, Germany). Samples containing more than 10*
cells were processed according to the method suggested
by Bascom et al.'® Briefly, the liquid was centrifuged and
then incubated with 8% N-acetylcysteine for 45 minutes
to dissolve mucus. Cytospin slides were then prepared
and stained for differential counts of epithelial cells,
neutrophils, and eosinophils. Percentage of neutrophils
was expressed as a score from 1 (10% of total cell count) to
6 (60% or greater). Nasal eosinophilia was diagnosed when
more than 5% of enumerated cells were eosinophils.

Measurement of lung volumes and flow-volume loop. A
computerized water-sealed spirometer (BAIRES Bio-
medin, Padova, Italy) was used to measure lung volumes
and flow-volume loop. The flow-volume loop was re-
corded by instructing the subjects to perform a maximal
expiratory effort from total lung capacity (TLC) to
residual volume and, immediately after, a maximal in-
spiratory effort from residual volume to TLC. The test
was repeated until 5 reproducible curves were obtained,
that is, with forced vital capacity (FVC) that did not
differ by more than 5% from its greatest value. To avoid
the effects of deep inspiration, the tests were performed
at intervals of at least 2 minutes. FVC, FEV,, maximal
mid-expiratory flow (MEFs,), and mid-inspiratory flow
(MIF5,) were calculated from the best curve. Reference
values were obtained from the study by Quanjer.'®

Histamine inhalation challenge with assessment of bron-
chial and EA responsiveness. Histamine inhalation chal-
lenge was carried out according to the guidelines of the
American Academy of Allergy and Immunology.?° His-
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TABLE V. Patients’ characteristics by response to treatment
B-HR B-HR EA-HR EA-HR
No B-HR responders nonresponders No EA-HR responders nonresponders
Variable (n=42) (n=29) (n=17) xZ (n=12) (n = 58) {n=18) X
Female (%) 40.5 62.7 85.7 9.51* 8.3 56.9 86.7 16.73%
(B) (A, B)
Atopy (%) 333 27.6 58.8 4.84 333 31.0 55.6 3.62
Smokers (%) 333 17.2 59 5.93 16.7 25.0 125 4.52
Pharyngitis (%) 30.9 62.1 52.9 7.17% 8.3 50.0 55.6 7.89§
(A) (A, B)
Cough (%) 76.2 759 100.0 5.04 58.3 81.0 944 6.04%
(B)
Runny nose (%) 31.0 241 471 2.62 50.0 24.1 44.4 4.73
Wheeze (%) 119 48.3 88.2 18.467 16.7 27.6 88.9 24.68%
(A,B, O (B,0)
Nasal eosino- 25.0 29.6 69.2 8.69§ 333 28.0 57.1 413
phils (%) (B,C)

A, Significant difference between No(B or EA)-HR and (B or EA)-HR/responders; B, significant difference between No(B or
EA)-HR and (B or EA)-HR/nonresponders; C, significant difference between (B or EA)-HR+/responders and (B or

FEA)-HR/nonresponders.
*p < 0.01.
ip < 0.001.
ip < 0.05.
§p < 0.02.

tamine was delivered in doubling concentrations from
0.5 to 32 mg/ml, by a compressed air nebulizer, con-
trolled by a breath-actuated dosimeter (MEFAR MB3,
Markos, Monza, Italy). The dosimeter was set to nebu-
lize for 0.7 second (output = 0.09 ml); the mass median
diameter of particles was 1.65 pm (geometric standard
deviation = 3.3). Each dose of histamine was inhaled
through a mouthpiece by taking 5 slow vital capacity
breaths from the nebulizer. Two minutes after each set
of inhalations, 3 flow-volume loops were recorded 1
minute apart. The interval between one dose and the
next was about 5 minutes. FEV, was used as the index of
bronchial response, and MIF, as the arbitrary index of
EA narrowing. To account for changes in FVC, the
MIF;, was calculated by matching the curves at TLC.
This was justified by the observation that TLC does not
change by more than 5% after acute induced broncho-
constriction.?* The challenge was stopped when FEV,
dropped by 20% or when the highest histamine concen-
tration was reached. The histamine provocative concen-
tration causing a 20% fall in FEV, from baseline (PC,,)
was used as threshold of bronchial responsiveness;
B-HR was diagnosed when PC,; was less than or equal
to 8 mg/mL**?* The histamine provocative concentration
causing a 25% fall in MIFy, (PC,sMIF;,) was used as an
arbitrary threshold of EA responsiveness; EA-HR was
diagnosed when PC,;MIFs, was less than or equal to 8
mg/ml, because we previously found that this cutoff may
discriminate presence from absence of EA diseases.?*
Each patient was then treated with oral antimicrobials
combined with topical flunisolide (25 pg in each nostril
twice daily) for 2 weeks. The choice of the antimicrobial

was based on the information available in the literature
about the organisms commonly isolated from infected
sinuses.> &% 2>2% The first-choice antibiotic was a com-
bination of amoxicillin (875 mg) plus clavulanic acid
(125 mg) twice daily, which was expected to be effective
even against an ampicillin-resistant strain of Haemophi-
lus influenzae. Patients with history of allergy or adverse
reactions to penicillins were given the second-choice
antibiotic, which was trimethoprim (160 mg)-sulfame-
thoxazole (800 mg) twice daily. The third-choice antimi-
crobial was erythromycin (1 gm) twice daily. After 1
week, patients were required, by phone, to give a
subjective evaluation of treatment efficacy. Sixteen pa-
tients who had no symptomatic improvement, under-
went sinus puncture and were treated according to the
result of bacteriologic culture.

Second examination

The patients were invited to attend the laboratory at
the end of treatment at the same time of day. At the
return appointment the subjects underwent the follow-
ing procedures: (1) recording of interval history and
subjective evaluation of treatment efficacy, (2) nasal
lavage for cytologic examination, and (3) measurement
of lung function tests and of EA and bronchial respon-
siveness to inhaled histamine.

Statistical analysis

Data were analyzed with a general linear model
analysis system.>® Descriptive analysis was used to eval-
uate the general characteristics of the sample. Student’s
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TABLE V. Mean values and SEM of baseline parametric data by response to treatment

No B-HR B-HR responders B-HR nonresponders
Variabie (n = 42) (n = 29) (n=17) F
Sinusitis duration (yr) 3.00 = 0.56 3.71 £ 0.76 6.92 + 0.90 7.53*
(B,0)
FEV, (% pred) 103.2 = 1.79 95.76 = 2.06 97.53 £2.77 3.89F
(A)
MEF,, (% pred) 92.21 = 3.03 82.55 + 4.19 74.47 +5.21 4.61F
(A, B)
PC,, (mg/ml)i 21.9 = 1.07 3.89 = 1.17 218 £1.17 103.4*
(A, B,C)
PC,sMIFy, (mg/ml)i 537 x1.17 257 +1.20 1.29 + 1.20 20.6*
(A, B)

A, Significant difference between No(B or EA)-HR and (B or EA)-HR/responders; B, significant difference between No(B or
EA)-HR and (B or EA)-HR/nonresponders; C, significant difference between (B or EA)-HR/responders and (B or EA)-HR/

nonresponders.
*p < 0.001.
ip < 0.02.
+Geometric mean.

¢ test for unpaired data was used to compare the patients
who completed the study with the dropouts. Linear
regression analysis was used to assess the relationship
between PC,; and PC,sMIF,, before and after treat-
ment. Factors influencing the degree of bronchial and
EA responsiveness were evaluated by multiple linear
regression analysis, having as dependent variable the
values of PC,, or PC,sMIF, and as independent vari-
ables sex, atopy, smoking habits, duration of chronic
sinusitis, type of sinus involved (maxillary, frontal, eth-
noidal, pansinusitis), symptoms (cough, rhinorrea, phar-
yngitis, postnasal drip, wheezing), nasal eosinophilia,
and neutrophil score in nasal lavage.

Response to treatment

Analysis of variance was used to compare the values of
PC,, and PC,;MIFs, during exacerbation of sinusitis
with values observed after treatment. Patients with
B-HR and/or EA-HR during exacerbation of sinusitis
were classified as “responders” or “nonresponders” to
treatment whether or not their PC,, and/or PC,sMIFs,
at the second examination were increased over 8 mg/ml.
The nonresponders were considered improved if the
increase in PC,, and/or PC,;MIF,, was greater than 1
histamine dose step, the limit of PC,, reproducibility.?
The characteristics of responders, nonresponders, and
those who had no airway hyperresponsiveness even
during exacerbation of sinusitis were compared with the
chi square test for nonparametric data and the analysis
of variance for parametric data (i.e., anthropometric
data, sinusitis duration, prechallenge lung function tests,
PC,, and PC,sMIFs,).

For each test, a p value of 0.05 or less was considered
statistically significant.

RESULTS
First examination

The characteristics of the 106 patients admitted
to the study are reported in Table I. Sinusitis most
frequently affected the maxillary sinuses. During
exacerbation of sinusitis most of the patients com-
plained of cough, about half had clinical evidence
of pharyngitis, and one third had increased total or
specific serum IgE levels, which in less than half
were associated with allergic rhinitis.

Nasal lavage cells. A readable cytocentrifuge
slide was obtained in 87 patients (82%). All the
patients had nasal neutrophilia, which in 36 was
combined with eosinophilia. Nasal eosinophilia
was associated with wheezing (r = 0.27, p < 0.05)
but not with atopy, rhinitis, or increased serum IgE
levels.

Histamine inhalation challenge. During sinusitis
exacerbation 76 of the 106 patients had EA-HR,
which in 30 was the predominant abnormality and
in 46 was associated with B-HR. The values of
PC,, were closely related to those of PCysMIFs,
(r = 0.75, p < 0.001) (Fig. 1). In patients with
predominant EA-HR the course of EA constric-
tion could be followed up to the highest histamine
concentration. The analysis of the dose-response
curve showed that MIF,, decrease was dose-de-
pendent up to a 50% fall from baseline, and then
showed a plateau.

The study was completed in 88 patients; seven
patients were excluded because of poor compli-
ance with treatment, and 11 were lost to follow-up.
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No EA-HR EA-HR responders EA-HR nonresponders
{n = 12) (n = 58) {n = 18) F
225 045 355 +0.54 6.67 = 0.85 7.88%
(B, O)
107.2 = 3.18 99.55 £ 1.59 95.00 = 2.09 3.97%
(A, B)
98.17 = 5.38 86.41 £ 2.79 74.61 = 5.23 4.48%
(B,C)
28.2 = 1.10 6.46 = 1.15 630 £ 1.26 9.69*
(A, B)
16.6 = 1.10 224 112 6.17 = 1.12 29.74%
(A,B,C)

The 18 patients who were excluded from the study
had characteristics very similar to those of patients
who completed the study, apart from a significantly
higher PC,, (geometric mean, 15.14 * 1.26 mg/ml
vs 7.94 £ 1.12 mg/ml, + = 2.168, p < 0.05).

Any further analysis was performed on the data
from the patients who completed the study. The
results of multiple linear regression analysis on
factors influencing the degree of bronchial or EA
responsiveness during sinusitis exacerbation are
shown in Table II. PC,sMIF,, was significantly
lowered by female sex and presence of cough and
pharyngitis, PC,, by presence of wheeze and phar-
yngitis, female sex, and eosinophilia in nasal la-
vage. No other factor had significant influence on
bronchial or EA responsiveness.

Second examination

Most of the patients reported an improvement
in symptoms after treatment. The mean values of
FEV,, MEFs,, MIFy, PC,y, and PC,sMIF, and
the mean values of neutrophil score in nasal la-
vage, during exacerbation of sinusitis and after
treatment, are reported in Table III. After treat-
ment, there was a significant improvement in both
EA and bronchial responsiveness and a significant
decrease in nasal neutrophilia, whereas prechal-
lenge lung function test results were nearly un-
changed. The improvement in PC,sMIF,, was
closely related with that of PC,, (r = 0.36, p <
0.001) and with the decrease in neutrophil score in
nasal lavage (r = 0.25, p < 0.05).

The analysis of individual values of PC,sMIF;,
showed that 12 patients had no EA-HR either
before or after treatment, 58 of the 76 patients
with EA-HR during exacerbation of sinusitis were
responders (i.e., had a PC,sMIFs, over 8 mg/ml,
the arbitrary cutoff for defining EA-HR), and 16 of
the 18 nonresponders were improved (i.e., had a

PC,-MIFs, increase greater than 1 doubling dose).
The analysis of individual values of PC,, showed
that 42 patients had no B-HR either before or after
treatment. Twenty-nine of the 46 patients with
B-HR at the first examination were responders,
and 12 of the 17 nonresponders were improved.
The comparisons among responders, nonre-
sponders, and nonhyperresponsive subjects are
shown in Table IV for nonparametric data and in
Table V for parametric data. Among patients with
B-HR, nonresponders, as compared with respond-
ers, had significantly greater prevalence of wheez-
ing and nasal eosinophilia, longer duration of
sinusitis, and lower PC,, values (but similar
PC,sMIFs, values) during exacerbation of sinus-
itis. Among patients with EA-HR, nonresponders
had significantly greater prevalence of wheezing
and longer duration of sinusitis, lower M1F;, val-
ves, and higher PC,sMIF;, values (but similar
PC,, values) than responders.

No significant difference in age, smoking habits,
prevalence of atopy, nasal polyposis, or type of
sinusitis was found between the two groups.

DISCUSSION

In this study we examined the relationship be-
tween EA and bronchial responsiveness in patients
with chronic sinusitis, during exacerbation of the
disease and after treatment with oral antibiotics
and nasal flunisolide. We used MIFs, as an arbi-
trary index of EA responsiveness because maximal
inspiratory flows are known to be much more
sensitive than FEV in detecting constriction of the
EA,2l and we defined as hyperresponsive (EA-
HR) those patients who showed a marked de-
crease in MIF;, (after the very first histamine
inhalation) at low histamine concentrations.

The main findings of the study are that during
exacerbation of sinusitis most of the patients
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(86%) had EA-HR, which in two thirds of them
was combined with B-HR; both B-HR and EA-HR
were strongly associated with presence of pharyn-
gitis and were reversed in most of the patients after
treatment with antibiotics and nasal flunisolide.
Bronchial threshold was closely related to EA
threshold, both before and after treatment.

In patients in whom EA-HR was not associated
with significant bronchoconstriction, according to
the challenge protocol, the course of EA narrow-
ing could be followed up to the highest histamine
concentration. This allowed us to verify that
MIFs,, the arbitrary index of EA response, de-
creased in a dose-dependent fashion up to a 50%
drop from baseline and then reached a plateau.
Because a further decrease in EA caliber would
have produced serious respiratory difficulty, it is
plausible that counterbalancing mechanisms were
activated at this point.

The close relationship between PC,sMIF;, and
PC,,, found either during exacerbation of sinusitis
or after treatment, suggests an interdependence
between bronchial and EA thresholds. Several
arguments arise from our findings in favor of the
hypothesis that B-HR was the effect rather than
the cause of EA dysfunction. First, the drop in
MIF;, during the histamine inhalation challenge
was generally earlier and greater than that of
FEV,. Second, during exacerbation of sinusitis
B-HR had a prevalence much lower than EA-HR
(43% vs 72%) and was invariably associated with
EA-HR. Third, both EA-HR and B-HR were
strongly associated with clinical evidence of phar-
yngitis. This suggests that airway hyperrespon-
siveness in sinusitis might depend on pharyngo-
bronchial reflexes triggered by seeding of the
inflammatory process into the pharynx, through
postnasal drip of mediators and infected material
from affected sinuses. This hypothesis is supported
by the observation of Irvin,!? in experimental si-
nusitis, that blocking postnasal drip prevented the
development of B-HR. The finding that treatment
of sinusitis reversed B-HR, as well as EA-HR, in
most of the patients and that the increase in PCy,
was closely related to that in PC,sMIFs,, further
supports the cause-and-effect relationship between
EA and bronchial responsiveness. In fact, it seems
unlikely that a low dose of a poorly absorbable
corticosteroid inhaled through the nose could have
had a therapeutic effect in the bronchi. On the other
hand, the analysis of bronchoalveolar lavage fluid
and lung histologic features in an animal model of
sinusitis failed to demonstrate any consistent bron-
chial inflammation.'? It seems more plausible that
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treatment decreased pharyngeal inflammation by de-
creasing the quantity of inflammatory mediators
leaked from the sinuses and/or by postnasal dripping
of flunisolide into the pharynx. These considerations
suggest that the increase in bronchial threshold after
treatment of sinusitis might depend on attenuation of
the pharyngobronchial reflex.

Although the mechanisms through which pha-
ryngeal inflammation triggers reflex bronchocon-
striction have not been clarified, experimental ob-
servations indicate the involvement of activated
neutrophils.’ The close relationship between the
improvement of PC,sMIF, and the decrease of
neutrophils in nasal lavage found in our study is in
agreement with this hypothesis.

Despite the sharp increase in the mean values of
PC,, and PC,;MIFs, observed after treatment,
about 20% of the patients were still hyperrespon-
sive to histamine. Although subjects with docu-
mented history of asthma, chronic bronchitis,
bronchiectasis, and a recently reported episode of
the common cold or flu syndrome had not been
admitted to the study, we cannot exclude that in
these patients, conditions known to increase air-
way responsiveness coexisted with sinusitis. For
example, in the absence of specific viral diagnostic
tests, a viral infection of the upper respiratory tract
sustaining both EA-HR and B-HR and triggering
an exacerbation of sinusitis cannot be excluded
with certainty, particularly if we consider that
virus-induced B-HR usually requires more than 2
weeks to resolve.*?

An even more plausible explanation is that nonre-
sponders had subclinical asthma. This possibility is
supported by the finding that B-HR nonresponders
as compared with B-HR responders, had a signifi-
cantly higher prevalence of wheeze and nasal eosin-
ophilia and lower PC,, values during exacerbation of
sinusitis. Whether these abnormalities were the ex-
pression of a pathogenetic event involving the whole
respiratory tract or the consequence of sinusitis can-
not be ascertained. The second hypothesis is sup-
ported by the finding that nonresponders had signif-
icantly longer duration of sinusitis, which suggests
that in long-standing sinusitis B-HR may be sus-
tained by mechanisms more complex than the pha-
ryngobronchial reflex, which might ultimately lead to
clinical asthma.

In conclusion, the results of this study indicate
that B-HR in sinusitis is strongly associated with
EA dysfunction and may be sustained by constric-
tive reflexes originating in pharyngeal receptors
made hypersensitive by local seeding of the inflam-
matory process. However, the role of pharyngo-
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bronchial reflexes in sinusitis should be confirmed
by physiologic studies examining the effect pro-
duced by isolated EA stimulation or of EA de-
afferentation on bronchial patency. Moreover,
long-term follow-up studies are needed to deter-
mine whether B-HR represents the preclinical
stage of the sinusitis-asthma complex and whether
the development of asthma may be prevented by
proper and early treatment of sinusitis.
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