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Perennial allergic rhinitis and
chronic sinusitis: correlation

with rhinologic risk factors

Sinusitis is a common disorder occurring in both adults and

children; its association with allergic rhinitis has been

con®rmed by some authors (1±7) but denied by others (8±12).
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Background: The reported association of allergy and sinusitis

varies greatly between study, and the exact role of allergy in

predisposing to sinusitis is not clear. We attempted to determine

whether patients with perennial allergic rhinitis are at greater

risk of developing sinusitis with respect to a control group, and

to determine whether there is a correlation between rhinoma-

nometry, endoscopy, and nasal swab, and computed tomogra-

phy (CT) ®ndings.

Methods: Forty adult patients with perennial allergic rhinitis

underwent CT scans of the paranasal sinuses, and the results

were then compared to CTs of the paranasal sinuses of 30

control subjects. All allergic patients underwent nasal endo-

scopy, nasal swab, and active anterior rhinomanometry, and the

results were studied in relation to the CT ®ndings.

Results: We found sinusitis in 67.5% of the allergic patients and

in 33.4% of the controls, with a statistically signi®cant

difference between the two groups (P=0.017). Twenty-three

patients had a positive nasal swab; 22 showed increased nasal

resistance on rhinomanometry, and 36 had positive endoscopy,

but the association of CT ®ndings with endoscopy, rhinomano-

metry, or nasal swab was not statistically signi®cant (P=0.583,

P=1.00, P=0.506, respectively).

Conclusions: Allergic rhinitis is often associated with sinusitis,

but the underlying mechanism has yet to be determined.

Evidently, factors other than classical pathogen growth and

mechanical factors, such as the association of the various factors

and immunologic mechanisms, may contribute to the pathogen-

esis of chronic sinusitis in allergic patients.
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The association of allergy and sinusitis reported in several

studies has varied from 25% to 70% (10, 13), depending on

the inclusion criteria and the study methods used. Never-

theless, the exact in¯uence of allergy in predisposition to

sinusitis is not clear. Allergy may be one of the underlying

factors in acute and chronic sinusitis, since it alters the

normal physiology of the paranasal sinuses. In¯amed nasal

mucosa and damaged functioning of the ciliary apparatus in

allergic patients can block ostial drainage from the sinus and

cause stasis of secretions, with the consequent development

of infection (13±17). These can take place especially in cases

of perennial rhinitis, where the in¯ammatory stimulus is

persistent. According to some studies, repercussions at the

level of the sinuses seldom occur in seasonal allergic rhinitis

(18). In these patients, the incidence of sinusitis does not

seem to be greater than that in the general population (18).

The purpose of this study was to examine the prevalence

of sinusitis in patients with perennial allergic rhinitis

monosensitized to Dermatophagoides, compared with the

general population, and to determine whether a cross-

correlation between sinusitis and nasal bacteriology, endo-

scopy, and nasal resistance exists in allergic patients.

Material and methods

From November 1995 to December 1996, subjects were

selected from a group of consenting adult patients who had

experienced chronic nasal complaints for at least 6 months,

and who had not received any medical therapy in the last 3

months or undergone surgery of the nose and paranasal

sinuses. Patients with cystic ®brosis or immunode®ciencies

were excluded; asthmatic patients were not excluded. Forty

consecutive patients monosensitized to Dermatophagoides

were enrolled in the study. The group comprised 15 males

and 25 females, ranging in age from 15 to 61 years (mean age

28.2 years).

All of the patients furnished a detailed medical history

and underwent physical examination, nasal endoscopy,

nasal swab for culture, active anterior rhinomanometry,

and computed tomography (CT) of the paranasal sinuses.

The control group comprised 30 subjects (18 females and

12 males, mean age 30.1 years) who, due to complaints of

dizziness, had undergone cranial CT extending to the

paranasal sinuses. Therefore, data for comparison with the

patient group consisted only of the CT scan; other tests,

except for the allergy skin prick test, were not performed for

logistic reasons.

Allergy skin tests

Skin prick tests were performed according to the EAACI

guidelines (19) for the most common inhalant allergens in

Italy, including house-dust mites, pollens, and fungi, with

histamine and diluent controls (ALK AbelloÂ ). Wheal area

was the indicator used to evaluate the skin prick test, and

areas greater than 7 mm2 (diameter .3 mm) were consid-

ered to be positive.

Computed tomography

CT imaging of the paranasal sinuses of allergic patients was

carried out along the coronal and axial planes in contiguous

3±5-mm slices. Axial scans were performed from the hard

palate to the frontal sinuses on the orbitomeatal plane. The

coronal plane was considered to run parallel to the vertical

portion of jaw, extending from the sphenoidal sinus to the

nasal fossa.

The CT examination of the 30 healthy patients was

carried out by axial scanning. Adjoining slices (3±5 mm)

were obtained of the paranasal sinuses, including those

between the hard palate and the frontal sinuses, oriented

along the orbitomeatal plane. Where necessary, the exam-

ination was complemented by electronic reconstructions

along the coronal and sagittal planes.

Table 2. Endoscopic appearance score.
a) 0) absent, 1) catarrhal, 2) purulent;
b) 0) absent, 1) not obstructive,
2) obstructive; c) 0) absent, 1) present

Secretion (0, 1, 2)a

Polyps (0, 1, 2)b

Inferior turbinate hypertrophy (0, 1, 2)b

Septal deviation (0, 1, 2)b

Paradoxical middle turbinate (0, 1)c

Osteomeatal complex narrowing (0, 1)c

Table 1. CT staging. a) 0) no abnormalities,
1) partial opaci®cation, 2) total opaci®cation;
b) 0) not occluded, 2) occluded (from Ref. 20)

Sinus system Left Right

Maxillary (0, 1, 2)a ± ±

Anterior ethmoid (0, 1, 2)a ± ±

Posterior ethmoid (0, 1, 2)a ± ±

Sphenoid (0, 1, 2)a ± ±

Frontal (0, 1, 2)a ± ±

Osteomeatal complex (0 or 2 only)b ± ±

Total points ± ±
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CT scans were obtained with soft and bony windows and

were interpreted according to the assessment system

proposed by the International Conference on Sinus Disease,

July 1993 (20). The scans were also reviewed by one of the

authors (A.A.), a neuroradiologist experienced in the

interpretation of CT sinus scans, who was blinded to the

patients' clinical characteristics. Staging was performed

with only the axial scans to allow direct comparison of the

two groups. Coronal scans in the allergic patients were

studied to detect possible abnormalities necessitating

surgery. Each sinus (maxillary, anterior ethmoid, posterior

ethmoid, sphenoid, and frontal sinus) was graded as follows:

0 (no abnormality), 1 (partial opaci®cation), and 2 (total

opaci®cation). The osteomeatal complex was scored as 0

(not occluded) or 2 (occluded) (Table 1). We considered the

osteomeatal complex a functional entity comprising the

maxillary sinus ostia, ethmoid infundibulum, hiatus semi-

lunaris, and middle meatus.

Nasal endoscopy

A rigid ®beroptic endoscope (Stortz, 4 mm, 08) was used for

endoscopic examination. The evaluation included the

presence and type of secretions, the presence of nasal

polyps, inferior turbinate hypertrophy and septal deviation

(graded on a scale of 0±2), and paradoxical middle turbinate

and osteomeatal complex narrowing (scored as 0 or 1)

(Table 2).

Rhinomanometry

Nasal air¯ow resistance was measured by active anterior

rhinomanometry with a Men®s rhinomanometer. After an

acclimation period of about 30 min, the test was performed

with the patient seated in a comfortable position. The

pressure probe was attached to the nostril with adhesive

tape, and a facial mask was worn. Unilateral nasal resistance

was calculated according to the following formula: resis-

tance (R)=pressure/¯ow. For each nostril, the mean ¯ow was

read at a pressure of 100 Pa, and the nasal resistance was

measured in Pa/cc per s (21±23). Nasal resistance was

considered to be normal if the values were less than 0.45 Pa/

cc per s.

Bacteriology

Nasal secretions for bacteriologic study were obtained by

passing a sterile cotton swab along the middle meatus,

avoiding contact with the nasal vestibule. All specimens

were inoculated onto selective media under both aerobic and

anaerobic conditions. After incubation at 378C for 42±48 h,

the organisms were identi®ed macroscopically. The media

kept under anaerobic conditions were examined 48 and 96 h

later, and the thioglycolate medium was cultured for 5 days.

All samples were Gram stained, and the bacterial agents

were then identi®ed by biochemical identi®cation proce-

dures (24).

The isolated organisms were classi®ed as either classical

or nonclassical pathogens, according to Doyle & Woodham

(25). Classical pathogens are highly pathogenic with a

marked potential for causing disease, while nonclassical

pathogens are less pathogenic and may comprise part of the

normal ¯ora of the skin and respiratory mucous mem-

branes.

Statistical analysis

The CT-scan results were compared in order to determine

the incidence of sinus involvement in both the allergic

patients and the controls. For allergic patients, these results

were then compared with those of the endoscopy, the nasal

swab, and rhinomanometry. All the data were analyzed by

the chi-square test, and P,0.05 was considered statistically

signi®cant.

Results

Skin prick test

The 40 allergic patients were positive only to Dermatopha-

goides. In the control group, two patients were positive to

Dermatophagoides, one was positive to grass and olive

pollens, and one was positive to grass pollens and

Dermatophagoides.

Computed tomography

Of the 40 patients studied, 27 (67.5%) had sinus

abnormalities with a score ranging from 1 to 17. The

average score of the allergic patients with positive CT

scans was 5.5. In ®ve cases, the disease was present in a

single sinus. In 22 patients, the disease was detected in

multiple sinuses, of which 19 cases were bilateral. In 22

patients (81.48%), the disease occurred in the maxillary

sinus; in 23 (85.19%), in the ethmoid sinus; in ®ve

(18.52%), in the sphenoid sinus; and in four (14.81%), in

the frontal sinus. The osteomeatal complex was occluded

Berrettini et al . Allergic rhinitis
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in 11 patients and in ®ve of these, bilaterally; among these

patients, only two had no abnormalities of the maxillary

sinus. Of the 22 patients with abnormalities of the

maxillary sinus, 13 were without obstruction of the

osteomeatal complex.

The control group comprised 30 subjects, 20 (66.6%) of

whom had CT scans of the paranasal sinuses showing no

signs of disease (score=0). In 10 subjects (33.4%), there were

signs of sinusitis: in six patients in a single sinus, and in four

patients in multiple sinuses bilaterally. The average score

for the CT scans of the positive control group was 2.5.

There was a statistically signi®cant difference between

the allergic patients and the control group (P=0.017) in the

presence of CT signs of sinusitis (Fig. 1).

Endoscopy

Nasal endoscopy revealed nasal abnormalities in 36 cases;

in 33 of these, bilaterally. The most frequent abnormalities

were hypertrophy of the inferior turbinates (33 cases, of

which 13 were obstructive and ®ve bilateral) and nasal

septal deviation (26 cases; in seven, obstructive). Nasal

secretions were present in 13 patients; as catarrhal

discharge in 11 and purulent discharge in two. In eight

cases, there was narrowing of the osteomeatal complex.

Four patients had nasal polyps, while none had paradoxical

middle turbinate.

No signi®cant correlation was found between the left or

right CT and the homolateral endoscopy results (P=1.00)

(Table 3). Among 69 nasal fossae with positive endoscopy,

40 had positive CT; of 11 nasal fossae with negative

endoscopy, six had positive CT. Furthermore, when we

examined only those nasal fossae with obstructive abnorm-

alities (25/80), we still did not ®nd a positive correlation

with the CT scans (P=0.583) (Table 4).

Active anterior rhinomanometry

Bilateral normal nasal resistance was observed in 18 of the

40 patients studied. Increased nasal resistance was found in

22 cases, being bilateral in seven. The mean increased nasal

resistance was 1.65 Pa/cc per s.

We examined the association of positive left or right CT

with the results of rhinomanometry of the homolateral

nasal fossae. Of 29 nasal fossae with increased nasal

resistance on rhinomanometry, 17 (58.6%) had positive

CT; of 51 nasal fossae with normal rhinomanometry, 29

(56.9%) had positive CT. The correlation between rhino-

manometry results and the CT ®ndings was not signi®cant

(P=1.00) (Table 5).

Bacteriology

A total of 40 nasal swabs was obtained. When cultured,

those of 17 patients did not show pathogen growth, while 23

showed the growth of one or more aerobic organisms. The

most common agents isolated were Staphylococcus aureus

(12 cases), Klebsiella pneumoniae (®ve cases), and Pseudo-

monas aeruginosa (®ve cases). The other bacteria isolated

were Staphylococci coagulasi negativi (three cases) and

Figure 1. Results, expressed as absolute values and percentage, for CT

scans in allergic patients and controls are compared (chi-square test).

CT+: presence of paranasal disease; CT±: normal sinus.

Table 3. Correlation between
endoscopy and CT scan. Values
and percentages (in relationship to
total) for CT score and endoscopy
results are shown (by chi-square test)

Endoscopy

± + Total

± 5 (6.25%) 29 (36.25%) 34

CT + 6 (7.5%) 40 (50%) 46

Total 11 69 80

P=1.00.

P
=

1
.0

0
z
{

Table 4. Correlation between endoscopy
(obstructive abnormalities) and CT scan. Values
and percentages (in relationship to total) for
CT score and examination for presence of
obstructive abnormalities of nasal fossa are
shown (P by chi-square test)

Endoscopy

+ ± Total

+ 16 (20%) 30 (37.5%) 46

CT ± 9 (11.25%) 25 (31.25%) 34

Total 25 55 80

P=0.583.

P
=

0
.5

8
3

z
{
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Proteus mirabilis (two cases). Anaerobic bacteria were not

detected.

Of the 27 patients with positive CT, 17 had a positive

nasal swab (62.96%); of the 13 patients with negative CT, six

had a positive nasal swab (46.15%). The correlation between

the results of the nasal swab and CT ®ndings was not

signi®cant (P=0.506) (Table 6).

Discussion

Using various methods, many previous works have exam-

ined the association between atopy and sinusitis. Several of

these reported that patients with sinusitis have a higher

incidence of positive allergy skin tests than the normal

population (4, 5). Other studies examined the incidence of

sinusitis in allergic patients and concluded that chronic

sinusitis could represent a complication of perennial allergic

rhinitis (2, 3, 6). Hoover et al. (7) found a signi®cant

association between atopy, asthma, eosinophilia and ex-

tensive chronic sinusitis, with a particularly close correla-

tion between eosinophilia and extensive sinusitis. They

concluded that chronic sinusitis could be a disease arising

from the immune activation of lymphocytes and suggested

that the presence of atopy should be considered a risk factor

for extensive sinusitis.

In other studies in which allergic patients were compared

with nonatopic patients with nasal complaints, no correla-

tion was found between allergic rhinitis and sinusitis (10,

11). These studies concluded that the presence of sinus

disease is not determined by the presence of allergy, but by

the existence of chronic nasal symptoms (allergic or

nonallergic). Other authors agreed that allergic rhinitis is

not a risk factor for sinusitis (8, 9, 12). In these studies, the

results may be criticized because the control groups were

made up of nonallergic patients with chronic nasal

symptoms (10, 11) who probably were suffering from chronic

infectious rhinitis, which can easily become complicated by

sinusal involvement. For this reason, a similar incidence of

paranasal disease in the two groups would not be un-

expected. Furthermore, it is important to determine whether

the patients examined had perennial or seasonal allergic

rhinitis, since it has been demonstrated that the latter does

not predispose to sinusitis (18).

In yet other studies, the difference in results can be

explained by the different methods used. For example, some

authors used standard radiography to study the paranasal

sinuses (2, 6), but it may be objected that radiographs of the

paranasal sinuses are characterized by high false-positive

and false-negative rates, especially in the diagnosis of

chronic forms of disease (26±29). In our study, we used CT

scans instead of plain radiographic ®lms, because they allow

a clearer evaluation of the paranasal sinuses, especially of

the ethmoid sinuses and osteomeatal structures (14, 28).

This is particularly important because the ethmoid sinus is

the part most often involved in sinus infection, together

with the maxillary sinus (10, 30±34).

Some authors maintain that magnetic resonance imaging

(MRI) is more accurate than CT for soft-tissue analysis (35,

36). Nevertheless, the use of MRI to diagnose sinusitis has

some drawbacks: its high cost, the need of sedation in

patients with claustrophobia, and the lack of data on bone

tissue (37).

Another important problem is that the results of the

various studies are not easily comparable, since they are

based on different examination methods. To de®ne and stage

the disease, we used the system proposed by the Interna-

tional Conference on Sinus Disease in July 1993 (20). This is

a relatively simple and unambiguous assessment that can be

used with equal facility by radiologists and otolaryngolo-

gists.

In our study, we attempted to determine whether patients

with perennial allergic rhinitis are at greater risk of

developing sinusitis than the general population as a control

Table 5. Correlation between rhinomanometry
and CT scan. Values and percentages (in
relationship to total) for CT score and nasal
rhinomanometry are shown (P by chi-square
test)

Rhinomanometry

± + Total

± 22 (27.5%) 12 (15%) 34

CT + 29 (36.25%) 17 (31.25%) 46

Total 51 29 80

P=1.00.

P
=

1
.0

0
z
{

Table 6. Correlation between nasal swab
and CT scan. Values and percentages (in
relationship to total) for CT score and nasal
swab result are shown (P by chi-square test)

Nasal swab

+ ± Total

+ 17 (42.5%) 10 (25%) 27

CT ± 6 (15%) 7 (17.5%) 13

Total 23 17 40

P=0.506.

P
=

0
.5

0
6

z
{
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group. We detected sinus involvement on CT scans in 67.5%

of allergic patients and in 33.4% of a control group. This

statistically signi®cant difference (P=0.017) supports the

hypothesis that there is an important association between

allergic rhinitis and sinusitis. Furthermore, we observed that

allergic patients exhibited more frequent bilateral or multi-

ple involvement of the paranasal sinuses with a higher

average CT score than the general population.

Most of our allergic patients showed positive endoscopy

results (hypertrophy of the turbinates is very common in

such patients), and for this reason no useful information

could emerge from statistical analysis. Even when we

examined only the subgroup of patients with obstructive

abnormalities, no signi®cant correlation with the CT results

was found. Our ®ndings agree with the data reported by

Nguyen et al., who suggest that sinusitis is seldom

associated with these obstructive abnormalities in children

(11). Nasal obstruction due to mucosal edema is considered

to be the primum movens, which, by blocking ostial

drainage from the sinuses and causing the stasis of

secretions, encourages the development of infection in

allergic rhinitis (2, 14, 15). We therefore studied the possible

correlation between increased nasal resistance in a single

nasal fossa (employing active anterior rhinomanometry) and

signs of sinusitis in CT, but we failed to ®nd a positive

association. Furthermore, we noted no correlation between a

positive nasal swab and CT abnormalities of the paranasal

sinuses. The latter result could be explained by the fact that

apparently the culture of nasal swabs seldom corresponds to

the culture of sinus specimens (2, 38±40). Therefore, the

culture of nasal specimens has no predictive value for the

evaluation of bacteria in infected sinuses, but, unfortu-

nately, the collection of sinus specimens is possible only

during sinus surgery. However, Pelikan and Pelikan-Filipek

(1) have suggested that the edema of sinus endothelium and

opaci®cation after antigen challenge may be due to mediator

release rather than to infection.

Evidently, factors other than mechanical problems or

classical pathogen growth, such as an immunologic me-

chanism or the association of the multiple factors, may

contribute to the pathogenesis of sinusitis in allergic

patients. Immunologic factors may play an important role,

as suggested by studies that have demonstrated the

accumulation in the sinus mucosa of activated eosinophils

(41) and of cytokines (such as interleukin-3 and granulocyte-

macrophage colony-stimulating factor) which promote

eosinophil accumulation and activation (42). Through the

release of their granules which contain toxic proteins such

as eosinophil cationic protein and major basic protein,

eosinophils may cause chronic in¯ammation of mucosa,

even in the absence of microorganisms (42). In addition to

immunologic factors, the patency of the ostia, the function-

ing of the ciliary apparatus, and the quality of the nasal

secretions are important elements in the normal physiology

of the paranasal sinuses, and these may be altered in allergic

rhinitis.

In conclusion, our results suggest an association of

perennial allergic rhinitis with chronic sinusitis; allergic

patients exhibit more extensive sinusitis than the general

population, but there are no correlations between positive

CT ®ndings and positive rhinomanometry, nasal swab, or

endoscopy in allergic patients.
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