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Diagnostic Value of Nasal Allergen Challenge
Combined With Radiography and Ultrasonography
in Chronic Maxillary Sinus Disease
Zdenek Pelikan, MD, PhD

Objective: To investigate the possible role of nasal al-
lergy in chronic disease of the maxillary sinuses (CDMS)
by means of nasal provocation test (NPT) with allergen
combined with radiography and ultrasonography.

Design: Prospective clinical controlled study.

Setting: Academic referral center.

Patients: Seventy-one patients with CDMS and 16 con-
trol subjects with allergic rhinitis but no history of si-
nus disease.

Interventions: In the 71 patients, a total of 135 NPTs
and 71 control challenges with phosphate-buffered sa-
line were performed by rhinomanometry combined with
radiography and ultrasonography. In the control pa-
tients, 16 positive NPTs were repeated and combined with
radiography and ultrasonography.

Main Outcome Measures: Number, type, and tim-
ing of nasal responses with accompanying changes on ra-
diographs and ultrasonograms.

Results: Of the 71 patients, 67 developed 104 positive
nasal responses of various types (P� .001), 89 of which
were accompanied by significant changes on radio-
graphs (P=.008), whereas 83 were also associated with
significant changes on ultrasonograms (P=.007). No sig-
nificant changes on the radiographs or the ultrasono-
grams were recorded during the 71 phosphate-buffered
saline control tests in the patients with CDMS (P=.14 and
.06, respectively) or during the 16 NPTs in control sub-
jects (P=.15 and .12, respectively). The radiographic and
ultrasonographic findings were significantly correlated
(r=0.81; P� .01).

Conclusions: Nasal allergy may be involved in some pa-
tients with CDMS, resulting in appearance of a maxillary
sinus response. Monitoring this response by means of se-
rial ultrasonography and, if necessary, also by conven-
tional radiography or computed tomography simulta-
neously with the nasal challenge with allergen seems to
be a very useful diagnostic supplement allowing addi-
tional therapeutic measures focused on the nasal allergy.
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C HRONIC DISEASE OF THE

maxillary sinuses (CDMS)
is a common disorder,
affecting a wide adult as
well as pediatric popula-

tion.1-4 Although the involvement of hy-
persensitivity mechanisms, and especially
of nasal allergy, in CDMS has been recog-
nized, the diagnostic procedures for this dis-
order and this relationship vary.1,3-27 There
is a dearth of information regarding the di-
rect causal involvement of hypersensitiv-
ity mechanisms of the nasal mucosa and po-
tential consequences within the maxillary
sinuses.1-3,7,8,28-30 Moreover, few data are
available to illustrate the possible exis-
tence of various types of maxillary sinus re-
sponse caused by immunologic events in
the nasal mucosa.1,8,29 Another issue dis-

cussed is the recording of particular changes
in the paranasal sinuses and their mucosal
membrane.1,2,11-27 Diagnostic value of the
various imaging techniques differs and de-
pends on a variety of factors, such as pur-
poses, basic indications, practice facilities,
and costs.1,9-16,19-23,31 The imaging tech-
niques are usually used in a single appli-
cation for evaluation of the temporary state
of the particular sinuses.1,20,22 However,
most of these techniques are not suitable
for serial application for several reasons,
such as relatively higher costs and unnec-
essary exposure to radiation or magnetic
resonance.1,32-35 On the other hand, hyper-
sensitivity mechanisms, such as allergic re-
action in the nasal mucosa, represent a dy-
namic process necessitating a dynamic
approach, which means recording of the rel-
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evant variables before and repeatedly after the allergen ex-
posure.32-37 Therefore, although they may gather excel-
lent data, not all imaging techniques are suitable for this
aim.32-35 In our previous studies, we demonstrated involve-
ment of nasal allergy in chronic maxillary sinus disease
as monitored by conventional radiography.32-35 The pur-
pose of this study was (1) to investigate the existence of
particular types of maxillary sinus response induced by
nasal allergy as recorded by radiography and ultrasonog-
raphy and (2) to evaluate the suitability of ultrasonogra-
phy in combination with nasal challenge for diagnostic
screening of the role of nasal allergy in patients with CDMS.

METHODS

PATIENTS

Eighty-four patients with CDMS of longer than 3 years’ dura-
tion, without an air-fluid level on radiographs, were referred
to the Department of Allergology and Immunology, Institute
of Medical Sciences “De Klokkenberg,” Breda, the Nether-
lands, from 1999 through 2000 by otolaryngologists with the
request to perform further diagnostic procedures focused on
possible involvement of allergy in their CDMS. All of these pa-
tients had previously been examined by otolaryngologists using
standard procedures, including computed tomographic scans
of the paranasal sinuses. They had been previously treated with
various antibiotics, decongestants, and H1-receptor antago-
nists. They had undergone sinus puncture and some had also
had tonsillectomy and adenoidectomy, but without satisfac-
tory improvement of their complaints. None of them was treated
with immunotherapy, oral corticosteroids, nasal cromolyn so-
dium (disodium cromoglycate), or leukotriene modifiers. Of
these 84 consecutively referred patients, 71 were willing to par-
ticipate voluntarily in this study (Table 1). These patients, 16
to 48 years of age, underwent a routine diagnostic procedure
consisting of a detailed disease history, physical and basic labo-
ratory examination, bacteriologic examination of the nasal se-
cretions and sputum, blood differential cell count, nasal secre-
tion cytogram, serum skin tests with basic inhalant allergens,
paper radioimmunosorbent test, radioallergosorbent test, rhi-
noscopy, and screening plain radiography of paranasal si-
nuses. Nasal histamine thresholds were determined, and 135
nasal provocation tests (NPTs) with various inhalant aller-
gens were performed by means of rhinomanometry combined
with simultaneous conventional radiography and ultrasonog-
raphy of the maxillary sinuses.

In each patient, a control nasal challenge with phosphate-
buffered saline (PBS) was also performed according to the same
schedule as that used for the NPTs with allergens and supple-
mented with radiographs and ultrasonograms of the maxillary
sinuses. A 4-day interval was always inserted between the con-
secutive tests. Patients were examined when they were with-
out manifest sinus and nasal complaints and without nasal
infection. Topical glucocorticosteroids and long-acting H1-
receptor antagonists were withdrawn 6 weeks before the study,
whereas short-acting H1-receptor antagonists and nasal decon-
gestants were stopped 48 hours before the study. The local eth-
ics committee approved this study, and informed consent was
obtained from all participants.

CONTROL GROUP

Sixteen patients with allergic rhinitis, confirmed by positive his-
tory, skin tests, and nasal challenges with various inhalant aller-
gens but without any history of sinusitis and with normal radio-

graphic findings, volunteered to participate in this study. In these
patients, 16 positive NPTs with Dermatophagoides pteronyssinus
or grass pollen were repeated out of season and supplemented
with radiographs and ultrasonograms of the maxillary sinuses.

ALLERGENS

Dialyzed and lyophilized allergen extracts (Allergopharma,
Reinbek, Germany) were diluted in PBS and used in concen-
trations of 500 biological units/mL for skin tests and 1000 to
3000 biological units/mL for NPTs (Table 2). If indicated, the
higher dilutions of the allergen extracts were used for the skin
tests as well as for the NPTs.

SKIN TESTS

The intradermal tests were performed and evaluated 20 min-
utes after the injection, according to a standard schedule. A skin
wheal reaction (�7.0 mm in diameter) appearing 20 minutes
after the injection was considered to be a positive immediate
skin response.32-37

NASAL PROVOCATION TESTS

The NPTs with allergens were performed by the rhinomanom-
etry technique, described previously.34-37 The nasopharynx-
nostril pressure gradients (NPGs) (�P, expressed in centime-
ters of water) recorded by this technique were considered to
be the basic measures of the nasal mucosa response (nasal ob-
struction). The NPTs were performed according to the follow-
ing schedule: (1) initial (baseline) values were recorded at 0,
5, and 10 minutes; (2) PBS control values were recorded at 0,
5, and 10 minutes after a 3-minute application of PBS to the
nasal mucosa of the nonintubated nasal cavity by means of a
saturated wad of cotton wool on a nasal probe, inserted under
the concha media and placed away from the natural ostia of
the maxillary sinus; and (3) test values were recorded simi-

Table 1. Characteristics of Patients and Control Subjects

Characteristic
Patients
(n=71)

Control
Subjects
(n=16)

Age, mean (SD), y 29.3 (8.4) 26.7 (10.1)
Sex, M/F 32/39 7/9
Disease history, mean (SD), y 6.7 (2.3) 8.1 (3.4)
Positive skin tests 71 16
Blood eosinophil count, mean (SD), cells/µLa 537 (83) 494 (69)
Eosinophil count in nasal secretions,

mean (SD)b
29 (6) 25 (4)

Nasal histamine thresholdc

�8.0 mg/mL 52 11
�8.0 mg/mL 19 5

Changes on MS radiographsd 69 0
Changes on CT scane 71 ND
Changes on MS ultrasonogramsf 67 0

Abbreviations: CT, computed tomographic; MS, maxillary sinus; ND, not
done.

SI conversion factor: To convert blood eosinophil count to cells �109 per
liter, multiply by 0.001.

aNormal value, less than 300/µL.
bNormal value, less than 7 per moderate-power field (�250 magnifica-

tion).38

cNormal value, more than 8.0 mg/mL.35,37

dSlight thickening of MS mucosal membrane.
eSlight thickening of mucosal membrane in both MSs.
fSlight thickening of MS mucosal membrane.
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larly after a 3-minute application of allergen at 0, 5, 10, 20, 30,
45, 60, 90, and 120 minutes, then every hour up to the 12th
hour, and then every second hour between the 24th and 38th
hours and between the 48th and 56th hours. Nasal response
(NR) was considered to be positive when the mean NPG val-
ues after the allergen challenge increased by at least 2.0 cm H2O
(mean [SE], 1.2 [0.3] cm H2O) with respect to the mean PBS
values, recorded during at least 3 consecutive time intervals.
The NPG changes occurring within 60 minutes after the aller-
gen challenge were considered to be a positive immediate NR;
those appearing within 4 to 12 hours, a positive late NR; and
those occurring later than 24 hours, a positive delayed NR. Al-
lergens for the NPTs were chosen with respect to the patient’s
history, positive skin test, or positive radioallergosorbent test
results (Table 2).

RADIOGRAPHS

Conventional radiographs of maxillary sinuses in Waters pro-
jection, while other parts have been shielded, were performed
before and then 0.5, 1, 2, 6, 8, 12, 24, 36, and 48 hours after
the nasal allergen challenge and evaluated by a radiologist in a
blinded manner, without knowledge of the patient as well as
the sequence. The following parameters and their changes on
the radiographs were evaluated: (1) osseous skeleton; (2) air-
fluid level; (3) profile of the increased mucosal membrane in
the maxillary sinuses (an increase in the mucosal thickening
�3 mm, due to edema and/or infiltration, was considered to
be abnormal); (4) decrease in aeration; and (5) appearance of
opacification.33-35 The changes were evaluated by means of a
grading score system (Pelikan scoring system) and calculated

from both the maxillary sinuses as a total mean score
(Table 3).

ULTRASONOGRAPHY

Ultrasonography was performed by means of a 1-dimensional
A-scan (Enterscan model 270; Pie Medical Imaging BV, Maas-
tricht, the Netherlands) with a single crystal 3.5- to 5.0-MHz
probe and a printer (model P50E; Mitsubishi Digital Electron-
ics America, Irvine, California). The ultrasonograms were re-
corded before and repeatedly after the nasal allergen challenge
at the same time intervals as the NPG recording. The ultra-
sonograms were evaluated in a blinded manner. The ultraso-
nographic findings were evaluated according to the following
criteria: (1) x-axis (scale in centimeters), visualizing the depth
of the maxillary sinus: (a) 0 to 0.3 cm=“initial echo” (stan-
dard calibration) and (b) the echo distances of less than 1.0
cm=normal appearance, representing echo penetration through
the skin and frontal wall of maxillary sinus (no pathology) (grade
0); 1.0 to less than 2.0 cm=slight thickening of the sinus mu-
cosal membrane (grade 1); 2.0 to less than 3.0 cm=moderate
thickening of the sinus mucosal membrane plus mucus layer
(grade 2); 3.0 to less than 4.0 cm=distinct thickening of the
sinus mucosal membrane plus mucus layer (grade 3); 4.0 to
less than 5.0 cm=distinct thickening of the sinus mucosal mem-
brane plus fluid in the sinus cavity (grade 4); greater than or
equal to 5.0 cm=back wall echo (grade 5); (2) y-axis (scale in
millimeters), representing the volume (intensity) of the echo
signal (correlating with the density of the particular tissue or

Table 2. Allergens Used for Nasal Provocation Tests

Allergen
Concentration,

BU/mL
Total

(n=135)

Nasal Responses (n=135)

Positive
(n=104)

Negative
(n=31)

MSR�
(n=89)

MSR−
(n=15)

MSR�
(n=5)

MSR−
(n=26)

Dermatophagoides
pteronyssinus

1000 35 25 3 1 6

Dermatophagoides
farinae

1000 6 4 1 0 1

Animal danders
Dog 3000 9 5 2 0 2
Cat 2000 15 9 3 1 2
Hamster 2000 3 2 0 0 1
Rabbit 2000 4 3 1 0 0

Feathers
Canary 3000 5 3 0 0 2
Parakeet 3000 1 1 0 0 0
Parrot 3000 3 2 1 0 0

Aspergillus
fumigatus

1000 3 2 0 0 1

Pollen
Grass mix 1a 1000 27 19 2 1 5
Grass mix 2b 1000 8 5 1 0 2
Birch 500 5 3 0 1 1
Tree mixc 2000 7 4 1 0 2
Weed mixd 1000 4 2 0 1 1

Abbreviations: BU, biological units; MSR, maxillary sinus response;
−, negative; �, positive.

aDactylis glomerata, Lolium perenne, Phleum pratensis, and Poa
pratensis.

bFestuca pratensis, Holcus lanatus, Agrostis alba, and Anthoxanthum
odoratum.

cBetula pendula, Corylus avellana, Juniperus communis, and Salix alba.
dArtemisia vulgaris, Plantago lanceolata, Rumex acetosa, and Taraxacum

officinale.

Table 3. Pelikan Scoring System in Maxillary Sinusesa

Measure and Score Criteria

Radiographsb

Mucosal membrane
0 �3 mm
1 3 mm
2 4 mm
3 �4 mm

Opacification
0 None
1 Slight
2 Moderate
3 Distinct
4 Total

Air-fluid
0 None
1 Present

Ultrasonogramsc

Distance (x-axis)
0 �1 cm
1 1 to �2 cm
2 2 to �3 cm
3 3 to �4 cm
4 4 to �5 cm
5 �5 cm

Intensity (density, y-axis)
0 �1 mm
1 1 to �2 mm
2 2 to �3 mm
3 �3 mm

aEach of the maxillary sinuses has been evaluated separately, and then the
total mean score was calculated.

bMaximal radiographic score, 8 points; statistically significant difference,
3 points or more (P� .05).

cMaximal ultrasonographic score, 7 points; statistically significant
difference, 2 points or more (P� .05).
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medium): less than 1.0 mm=weak signal or low volume (nor-
mal appearance) (grade 0); 1.0 to less than 2.0 mm=moderate
volume (abnormal) (grade 1); 2.0 to less than 3.0 mm=distinct
volume (grade 2); greater than or equal to 3.0 mm=large vol-
ume (distinct pathology) (grade 3).11,16,18,19,24,26,27 The changes
were evaluated by means of our grading scale and calculated
from both of the maxillary sinuses as a total mean score (Table 3).

STATISTICAL ANALYSIS

The NRs and the PBS control tests recorded in individual pa-
tients were statistically evaluated by Wilcoxon matched-pair signed
rank test, comparing the NPG values recorded after the allergen
or PBS challenge at each time point with the mean prechallenge
values. The positive and negative NRs of the same type were com-
pared and statistically evaluated by the Mann-Whitney test.

The correlation between the positive as well as negative ra-
diographic and ultrasonographic changes was analyzed by the
Spearman rank correlation coefficient. The agreement be-
tween the radiographic and ultrasonographic changes during
the particular types of NR was analyzed by means of the Mann-
Whitney test. P� .05 was considered to be statistically signifi-
cant for all statistical methods used.

RESULTS

NASAL RESPONSES

In the 71 patients, 135 NPTs were performed. Sixty-seven
patients developed 104 positive NRs (P� .001) compared
with the PBS control tests (Table 4): 31 isolated imme-
diate NRs (P� .001), 48 isolated late NRs (P� .001), 10
dual late NRs (immediate� late; P� .01 and P� .001, re-
spectively), 13 isolated delayed NRs (P� .01), 2 dual de-
layed NRs (immediate�delayed; P� .01 and P� .05, re-
spectively), and 19 negative NRs (P� .05) (Tables 4, 5,
and 6; Figures 1B, 2B, and 3B).The remaining 4 pa-
tients showed 12 negative NRs (P� .05). The 71 PBS con-
trol tests did not display any significant changes in the NPG
values with respect to the baseline values (P� .1). The dif-
ference between the positive and the negative NRs was sta-
tistically significant (P�.01).Nosignificantdifferenceswere
found in the appearance of particular NR types with re-
spect to the individual allergens (P� .05). The agreement
between the positive skin test results and positive NRs was
77% (P� .05).

RADIOGRAPHS OF
THE MAXILLARY SINUSES

In 69 of the 71 patients (97%), a slight thickening of
the maxillary sinus mucosa (1-2 mm) had already been
recorded on the radiographs before the NPTs. Eighty-
nine of the 104 positive NRs (28 isolated immediate, 43
isolated late, 6 dual late, 11 isolated delayed, and 1 dual
delayed) and 5 of the 31 negative NRs were accompa-
nied by significant changes of the radiographs of maxil-
lary sinuses (P = .008) (Table 4 and Table 5). The
changes included a distinct increase in the thickening of
the mucosal membrane (�3.0 mm) and sometimes also
a decrease in aeration and the appearance of opacifica-
tion (Table 6; Figures 4, 5, and 6). The mean (SD)
total point score of radiographic changes after allergen
challenge, evaluated by the Pelikan point grading score
(Table 3), was 476 (48). The mean total point scores of
the radiographic changes recorded at individual time
intervals are presented in Table 7, and those recorded
during each type of NR are displayed in Figures 1A, 2A,
and 3A. The agreement between the positive NRs and
the appearance of radiographic changes was statistically
highly significant (P � .001). No significant radio-
graphic changes were recorded during the 71 PBS con-
trol tests (P=.14).

Table 5. MSRs Accompanying Particular Types of NR

NR Type

MSR

Total
(n=135) R� U� R− U− R� U− R− U�

Positive 104 83 15 6 0
Isolated immediate 31 25 3 3 0
Isolated late 48 41 5 2 0
Dual late 10 5 4 1 0
Isolated delayed 13 11 2 0 0
Dual delayed 2 1 1 0 0

Negative 31 5 26 0 0
Controls (PBS) 71 0 71 0 0

Abbreviations: MSR, maxillary sinus response; NR, nasal response;
PBS, phosphate-buffered saline; R, radiography; U, ultrasonography;
−, negative; �, positive.

Table 4. MSRs Accompanying Positive and Negative NRsa

Patients (n=71)

MSR

Positive Negative

Radiography Ultrasonography Radiography Ultrasonography

67 Patients
104 Positive NRs 89 83 15 21
19 Negative NRs 2 2 17 17

4 Patients
12 Negative NRs 3 3 9 9

71 Control tests (PBS) 0 0 71 71

Abbreviations: MSR, maxillary sinus response; NR, nasal response; PBS, phosphate-buffered saline.
aThe agreement between positive NR and positive MSR was statistically significant for both radiography (P� .001) and ultrasonography (P� .01).
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ULTRASONOGRAMS OF
THE MAXILLARY SINUSES

Significant changes on the ultrasonograms of the max-
illary sinuses (P=.007) were found in association with
83 of the 104 positive NRs (25 isolated immediate, 41
isolated late, 5 dual late, 11 isolated delayed, and 1 dual
delayed) and 2 of the negative NRs recorded in 67 pa-
tients, as well as with 3 of the 12 negative NRs recorded
in the remaining 4 patients (Table 4 and Table 5). The
ultrasonographic changes included increased thicken-
ing of the mucosal membrane in the maxillary sinuses,
sometimes associated with a transient accumulation of
the secretions at the bottom of the sinuses (Table 6;
Figures 4, 5, and 6). The mean (SD) total point score of
ultrasonographic changes after allergen challenge, evalu-
ated by the Pelikan point grading score (Table 3), was
399 (41). The mean total point scores of the ultrasono-
graphic changes recorded at individual time intervals are
summarized in Table 7, and the mean point scores re-
corded during each type of NR are presented in
Figures 1A, 2A, and 3A. The agreement between the posi-
tive NRs and the appearance of the ultrasonographic
changes was statistically significant (P� .01). No ultra-
sonographic changes were observed during the 71 PBS
control tests (P=.06).

RELATIONSHIP BETWEEN RADIOGRAPHIC
AND ULTRASONOGRAPHIC CHANGES

The agreement between the appearance of radiographic
and ultrasonographic changes recorded during the posi-
tive and negative NRs, during the particular types of posi-
tive NRs and at individual time intervals after the aller-
gen challenge, was statistically significant (P � .01)
(Tables 4, 5, 6, and 7). However, this agreement dem-
onstrated some smaller nonsignificant variations with re-
spect to the individual types of NRs. The total correla-
tion between the radiographic and ultrasonographic
changes evaluated by means of Spearman rank correla-
tion coefficient was highly significant both for the posi-
tive and for the negative cases (r=0.89, P� .001; r=−0.73,
P� .01, respectively). The correlation coefficients be-
tween the radiographic and ultrasonographic changes re-
corded at individual time intervals after the allergen chal-
lenge are presented in Table 7.

CONTROL SUBJECTS

In 16 control subjects who developed 16 positive NRs
to the repeated allergen challenge (5 isolated immediate
NRs [P� .01] and 11 isolated late NRs [P� .01]), no
significant radiographic or ultrasonographic changes of

Table 6. Changes on Radiographs and Ultrasonograms Recorded During Particular Types of NR

Changes in MSs

Type of NR

Isolated
Immediate

(n=31)

Isolated
Late

(n=48)

Dual
Late

(n=10)

Isolated
Delayed
(n=13)

Dual
Delayed
(n=2)

Negative
(n=31)

R U R U R U R U R U R U

Increase in mucosal
edema (thickening)

24 25 42 41 6 5 10 11 1 1 5 5

Air-fluid level 0 0 3 2 0 1 1 1 0 0 0 0
Decrease in aeration 17 NM 30 NM 4 NM 8 NM 1 NM 4 NM
Opacification 14 NM 27 NM 5 NM 9 NM 1 NM 5 NM

Abbreviations: MS, maxillary sinus; NM, not measurable; NR, nasal response; R, radiograph; U, ultrasonography.
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Figure 1. Maxillary sinus responses accompanying isolated immediate nasal responses (IINR; n=31). A, Mean point score of changes recorded on
ultrasonograms and radiographs after allergen challenge (ALL) and on ultrasonograms and radiographs after phosphate-buffered saline (PBS) challenge. B, Mean
rhinomanometric values (nasopharynx-nostril pressure gradient [NPG]) recorded during IINR and PBS. I indicates initial (baseline) values.
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the maxillary sinuses were observed (P=.15 and .12,
respectively).

COMMENT

The possible involvement of allergy, and especially of
nasal allergy, in some forms of sinus disease has already
been reported in the literature.1,3-10,29,30,32-35 There are a
number of anatomic and physiologic similarities
between the nasal mucosa and mucosa of the maxillary
sinuses.1-4,7,8,27,30,33-35 The maxillary sinuses open into the
middle meatus of the nasal cavity through the ostium,
which plays a pivotal role in their functions. The ostium
acts as an anatomic and functional valve, facilitating
secretion drainage and gas exchange from the sinus into
the nasal cavity. The factors disturbing the drainage
functions of ostia, and thus leading to the retention of
secretions and gases and negative pressure in the maxil-
lary sinuses, include (1) edema of the nasal mucosa
causing limitation of ostium patency, (2) reduced trans-
port capacity of mucus on the surface of sinus mucosal
membrane due to abnormalities of the cilia and their
function, and (3) increased production of secretions and
gases in the sinuses, exceeding the drainage capacity of
ostia.1-4,6,7,35,38,39 The cross-sectional area of the ostium is
also the primary determinant of the gas exchange in the

human maxillary sinuses.33,38-41 In addition, the nasal air-
flow influences gas exchange in the sinuses, which is
twice as fast by nasal breathing than during oral
breathing.39-42 The increased nasal mucosal edema may
lead not only to mechanical occlusion of the maxillary
ostia from outside by surrounding nasal mucosal tissue
but sometimes also to extension of the edematous nasal
mucosa beyond the ostium margin.1,5,33,34,38-41

All of these changes lead to partial or total closing of
the ostia, resulting in accumulation of secretions, gases,
and soft-tissue mass in the sinus. This process leads to
subsequent edema and/or infiltration of the sinus
mucosa, expressed as mucosal thickening, decreased
aeration, appearance of opacification, and sometimes
formation of fluid level and soft-tissue mass, which is
referred to as a sinus response.32-35

Two possible pathways—one of them upon involve-
ment of the nasal mucosa, and the other upon passing
the nasal mucosa without affecting it—could probably
explain some of our results.33-35 Of the 104 positive NRs,
89 positive NRs were accompanied by radiographic and
83 by ultrasonographic changes of the maxillary sinuses
(Table 4). In these cases, which can be viewed as a “sec-
ondary” form of sinus response, the immunologic event
located primarily in the nasal mucosa may induce an ad-
ditional sinus response.33-35 This mechanism is identical
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Figure 2. Maxillary sinus responses accompanying isolated late nasal responses (ILNR; n=48). A, Mean point score of changes recorded on ultrasonograms and
radiographs after allergen challenge (ALL) and on ultrasonograms and radiographs after phosphate-buffered saline (PBS) challenge. B, Mean rhinomanometric
values (nasopharynx-nostril pressure gradient [NPG]) recorded during ILNR and PBS. I indicates initial (baseline) values.
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Figure 3. Maxillary sinus responses accompanying isolated delayed nasal responses (IDYNR; n=13). A, Mean point score of changes recorded on ultrasonograms and
radiographs after allergen challenge (ALL) and on ultrasonograms and radiographs after phosphate-buffered saline (PBS) challenge. B, Mean rhinomanometric values
(nasopharynx-nostril pressure gradient [NPG]) recorded during IDYNR and PBS. I indicates initial (baseline) values.
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Figure 4. Radiographs (top) and ultrasonograms (bottom) of maxillary sinuses in a patient who developed an associated form of maxillary sinus response
induced by primary isolated immediate nasal response to challenge with dog danders (500 biological units/mL). A, Before allergen challenge; B through D, 1 hour,
2 hours, and 12 hours after challenge, respectively.

(REPRINTED) ARCH OTOLARYNGOL HEAD NECK SURG/ VOL 135 (NO. 12), DEC 2009 WWW.ARCHOTO.COM
1252

©2009 American Medical Association. All rights reserved.
 at Bibliosan, on December 26, 2009 www.archoto.comDownloaded from 

http://www.archoto.com


to that leading to the obstruction of the ostia through the
edema of the nasal mucosa as reported by other investi-
gators.6-8,28-30,38-42 In contrast, during 5 of 31 negative NRs
to allergen challenge, significant radiographic and ultra-

sonographic changes were also recorded (Tables 4, 5, and
6). In such cases, which represent a “primary” form of
sinus response, the allergen may pass the nasal cavity
barrier and penetrate through the ostium into the sinus

A B C D

1 2 3 4 5 6 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7
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1 2 3 4 5 6 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 77

Figure 5. Radiographs (top) and ultrasonograms (bottom) of maxillary sinuses in a patient who developed an associated form of maxillary sinus response
induced by primary isolated late nasal response to challenge with grass pollen mix (1000 biological units/mL). A, Before allergen challenge; B through D, 6 hours,
12 hours, and 24 hours after challenge, respectively.
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Figure 6. Radiographs (top) and ultrasonograms (bottom) of maxillary sinuses in a patient who developed an associated form of maxillary sinus response
induced by primary isolated delayed nasal response to challenge with Dermatophagoides pteronyssinus (1000 biological units/mL). A, Before allergen challenge;
B through D, 24 hours, 36 hours, and 56 hours after challenge, respectively.
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without causing any nasal response.28,33-35,42 This mecha-
nism seems to be similar to that described by Slavin4 as
“trapping of foreign particles” (allergens) into the mu-
cus of the sinuses. The secondary form of sinus disease
occurs more frequently than the primary form; prelimi-
nary data indicate an approximate ratio of 1:150.34

The diagnostic noninvasive imaging techniques for
paranasal sinuses include a number of radiation tech-
niques, such as conventional radiography (plain film),
plain tomography, computed tomography (CT scan), and
single-photon emission computed tomography (SPECT);
techniques on electromagnetic principle, such as mag-
netic resonance imaging (MRI); or, finally, ultrasonog-
raphy (echography) techniques.* The advantages and dis-
advantages of these techniques can be evaluated by various
criteria, such as indication (eg, preoperative assess-
ment, screening examination, and evaluation of therapy),
accuracy of the imaging, radiation dose, capability for se-
rial use, and costs.1,11-27,31,33,34,42-46

In our study, radiography and ultrasonography were
compared and tested on their capability for serial docu-
mentation of the changes in the maxillary sinuses due
to hypersensitivity mechanisms. Conventional radiog-
raphy is an easy, inexpensive technique, producing lim-
ited radiation, that can be repeated up to certain limits,
and the results are reproducible.

This technique is suitable for evaluation of the changes
appearing in the whole sinuses, including osseous skel-
eton, air-fluid level, aeration and opacification, and par-
tial changes of the mucosal membrane. Nevertheless, the

radiation, even limited, remains a disadvantage of this
technique.† Undoubtedly, computed tomography, used
currently as a standard technique for imaging of para-
nasal sinuses, is more accurate and generates more in-
formation than conventional plain radiographs.20,22,31 How-
ever, for purposes of this study, plain radiographs were
sufficient to provide simple comparative data to ultra-
sonography. Ultrasonography is an inexpensive, easy,
time- and labor-saving technique generating directly ac-
cessible results and without ionizing radiation.‡ The im-
portant advantage of this method is its unlimited use in
time and in number, the possibility of its use also in ex-
tramural offices, and low costs.33-35 This technique is suit-
able for reliable evaluation of mucosal thickening adja-
cent to the anterior and posterior sinus wall and presence
of fluid level. However, this technique cannot visualize
aeration and opacification of the sinus, and its results de-
pend on the investigator’s skill. There are 2 basic types
of ultrasonography: A- and B-mode.11,13,26,27 The A-scan
is a 1-dimensional method, modulating amplitude,
whereas the B-scan modulates the brightness in a 2-di-
mensional manner. We have used the A-scan because of
its reliable evaluation of the mucosal thickening and pres-
ence of fluid and its simple operation.33-35

The changes on the ultrasonograms and radiographs
were evaluated by means of the previously developed
Pelikan grading and score system.34,35,47 This semiquan-
titative system allows comparison of results not only
within the same technique, eg, ultrasonography, but also
between the different techniques, such as radiography and
ultrasonography. In the past my group has also studied
reproducibility of ultrasonography, the results of which
have been published in part.34,47 The repeated ultrasono-
grams did not demonstrate any significant differences from
the initial ultrasonograms (P� .01).

The results of this study demonstrated significant cor-
relation between the radiographic and ultrasonographic
changes of the maxillary sinus mucosal membrane ac-
companying both positive NRs (P� .001) and negative
NRs (P� .01). The differences between the positive and
negative responses of maxillary sinuses were statisti-
cally highly significant both for the radiographic (P� .001)
and for the ultrasonographic (P� .001) changes. Our re-
sults showing a correlation of 95% between the radio-
graphic and ultrasonographic findings in the maxillary
sinuses are in agreement with results of some investiga-
tors,11,12,14-16,19,24,25,43 whereas they disagree with data re-
ported by other authors.17 This disagreement may be re-
lated to differences in diagnostic procedures, clinical
indications, and variables measured.

In conclusion, nasal allergy may be involved in
CDMS in some patients. Nasal challenge with allergen
combined with ultrasonography and, if necessary, also
with one of the radiographic imaging methods may be a
useful supplement for the diagnosis of this disorder in
the clinical practice, especially in children. The confir-
mation of involvement of nasal allergy in patients with
CDMS would indicate an additional treatment of the
nasal allergy.

*References 1, 3, 6, 11-27, 31, 33, 34, 40, 42-46.
†References 1, 12, 13, 15-17, 20, 22, 27, 31, 33, 34, 43-46.
‡References 1, 11-16, 18-20, 24-27, 32-35.

Table 7. Comparison of Total Point Score Recorded
on Radiograms and Ultrasonograms for 135 NPTs
by Time Intervals

Time, h

Total Point Score, Mean (SD)

r c
P

ValuecRadiographya Ultrasonographyb

Before allergen 225 (31) 143 (18) 0.73 �.02
After allergen

Immediate NR
0.5 396 (51)d 338 (43)e 0.78 �.01
1 587 (58)e 421 (27)e 0.87 �.001
2 503 (42)e 415 (36)e 0.82 �.01

Late NR
6 409 (48)d 373 (50)d 0.71 �.01
8 634 (75)e 541 (55)e 0.84 �.001
12 611 (63)e 404 (51)d 0.85 �.01

Delayed NR
24 328 (45)f 423 (43)d 0.80 �.01
36 435 (34)e 402 (28)d 0.83 �.01
48 381 (22)d 279 (37)f 0.74 �.001

Abbreviations: NPT, nasal provocation test; NR, nasal response.
aMaximal score per radiogram, 8 points; statistically significant difference,

3 points or more (P� .05).
bMaximal score per ultrasonogram, 7 points; statistically significant

difference, 2 points or more (P� .05).
cCorrelation between radiograms and ultrasonograms; point scores

evaluated by Spearman rank correlation coefficient. Statistical evaluation of
postchallenge vs prechallenge point score by Mann-Whitney test.

dP� .01.
eP� .001.
fP� .05.
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