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INTRODUCTION
Chronic rhinosinusitis (CRS) is a significant health problem
which creates a large financial burden on society and presents
a real challenge to physicians due to its severity and chronic
evolution (1). Nasal polyposis (NP) is considered a subgroup of
CRS and is usually associated with asthma and aspirin intoler-
ance. In the general population the prevalence of NP is 2-4%
and in patients with asthma it ranges from 7 to 15%, whereas in
NSAID-sensitive patients NP are found in 36 to 96%. Nasal
obstruction, rhinorrea, loss of smell and facial pain are the
most frequent reported symptoms. Nasal obstruction is one of
the most disturbing symptoms in these patients and is associat-
ed with a reduced quality of life (1).

Several tools have been used to evaluate nasal obstruction,

including computed tomography (CT) scan, magnetic reso-
nance imaging (MRI), acoustic rhinometry (AR) and rhino-
manometry. However, CT scan of the paranasal sinuses has
become the examination of choice for the imaging evaluation
of CRS/NP, as it has an excellent correlation with nasal
endoscopy (2). CT-scan provides objective evidence for a topo-
graphic diagnosis, it can be used for staging NP and it is indi-
cated before endoscopic sinus surgery (1). AR is a technique
that provides accurate geometric measurements of nasal cavi-
ties by analysing reflected acoustic impulses; it is a non-inva-
sive, rapid and reliable method that can be performed easily
with minimal patient cooperation (3,4). AR has been used to
characterize the geometry of the nasal cavities, to assess the
severity of nasal obstruction and to evaluate patients’ response
to medical and surgical treatment.

Background: Acoustic rhinometry (AR) accuracy in the diagnosis and follow-up of nasal

polyps is as yet unclear. Our objective was to study its accuracy compared with computed

tomography (CT) in patients with nasal polyps.

Methods: We studied 29 patients diagnosed of nasal polyposis by nasal endoscopy. In all

patients sinunasal CT-scan, AR and nasal nitric oxide (NO) were assessed. Nasal volumes

between 0 and 5 (V0-5) and 5 and 9 (V5-9) centimetres from nasal inlet were measured with AR

and CT-scan, by using Pearson and intraclass correlation coefficient tests.

Results: All patients (29,79% males, mean age 48.2 yr [range 34-61]) had nasal polyps (score

2-3 on Lildholdt classification, score 0-3). Measurements (right plus left sides) were: AR 8.9 ±

0.8 cm3 (V0-5) and 15.5 ± 3.6 cm3 (V5-9); CT 6.5 ± 0.4 cm3 (V0-5) and 6.3 ± 0.8 cm3 (V5-9).

Pearson correlation was r = 0.67 (p < 0.01) for V0-5 and r = 0.62 (p < 0.05) for V5-9. Intraclass

correlation coefficient test was 0.51 (V0-5) and 0.28 (V5-9) for consistency; and 0.43 (V0-5) and

0.23 (V5-9) for absolute agreement. Low levels of NO (312.3 ± 43.8 ppb) were found and the

correlation between NO levels and volumes (V0-5 or V0-9) measured by AR was not statistically

significant. 

Conclusions: Compared to CT-scan, AR measurements accurately reflect the geometry of nasal

cavity volumes in patients with nasal polyps, with a better assessment in the anterior part of the

nasal cavity.
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Although AR has been used to study several nasal conditions,
its accuracy in patients with NP is as yet unclear. AR is not a
technique to be used for the diagnosis. However, it is useful in
the follow-up after medical and surgical treatment. This tech-
nique has previously been used to monitor the medical treat-
ment of nasal polyposis (5) and to study the nasal volume
before and after polypectomy (6). CT-scan and MRI have been
used as references in the evaluation of AR accuracy in cadav-
ers, health volunteers and patients with turbinate hypertrophy
(7-9), but never in patients with NP. 

Measurements of nasal nitric oxide (nNO) can be used to
assess nasal inflammation in NP patients (10,11).

The aim of the present study was to assess the accuracy of AR
compared with CT-scan, which is the current golden-standard
in the evaluation of nasal cavities in patients with NP. A sec-
ondary objective was to evaluate nasal inflammation by mea-
suring nNO. 

MATERIALS AND METHODS
Patients

All patients (n = 29, 79% males) had NP (score 2 to 3 on
Lildholdt classification, score ranging 0-3) (12). The mean age was
48.2 ± 13.6 yr (range 34-61). NP was diagnosed by nasal
endoscopy. All patients were treated with intranasal corticos-
teroids.
All patients were submitted to sinus CT-scan, AR and nasal
NO measurements and were evaluated by the same otorhino-
laryngologist, allergologist and radiologist. These controls were
performed on the same day, without any vasoconstrictor, and
consecutively, with CT going first and then AR. 

Acoustic rhinometry

Nasal volumes were measure by AR (Acoustic rhinometer
SER 2000 RhinoMetrics, Lynge, Denmark) (Figure 1). All AR
measurements were repeated three times and then averaged, in
order to ensure the reproducibility of the results. The tech-
nique allowed us to analyse the minimum cross-sectional area
(mCSA) and the distance to this point from the nostril

(dmCSA). The software also analyzed two volume regions: the
anterior, defined as a region from the nostril to 5 cm into the
nasal cavity (V0-5), and the posterior, defined as a region from
5 to 9 cm into the nasal cavity (V5-9). All measurements were
performed in both the right and left nasal cavities (13).

CT scanning

All CT-scan explorations were made with a Siemens Somatom
Plus 4 CT (Siemens, Erlangen, Germany) in a protocol
designed for image-guided paranasal sinus surgery. The proto-
col consisted in an axial acquisition with the patient in a supine
position and a neutral head position, with 3 mm slice thickness
and 1 mm table increment and a matrix of 512 x 512 ranging
from the upper margin of the frontal sinuses to the lower mar-
gin of the upper dental arch. Image post-processing performed
on a Leonardo VD30B (Syngo, Siemens AG, Berlín and

Table 1. Acoustic rhinometry (AR) and sinusal Computed Tomography (CT) scan measurement in patients with CRS and nasal polyps.
V0-5 V5-9 V0-9

AR CT AR CT AR CT
Mean cm3 ± SD 8.9 ± 4.1 6.5 ± 1.9 15.5 ± 17.8 6.3 ± 4.3 24.4 ± 21.8 12.8 ± 5.8

Intraclass correlation coefficient test (ICC)
Consistency 0.515 0.277 0.334
Absolute agreement 0.427 0.234 0.279

Pearson Correlation coefficient test (r)
0.67 (p < 0.0005) 0.59 (p = 0.002) 0.65 (p = 0.001)

SD: standard deviation
V0-5: volume between 0 and 5 centimetres from nasal inlet.
V5-9: volume between 5 and 9 centimetres from nasal inlet.
V0-9: volume between 0 and 9 centimetres from nasal inlet.
ICC: <0.40: bad; 0.41-0.75: good; > 0.75: very good.

Figure 1. AR measurement of patient with nasal polyposis. 

Nasal inlet corresponds to centimeter 0; cavum corresponds to cen-

timeter 12; right and left lines represent sound wave reflection.
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Munich, Germany) workstation included 3D reconstructions
and MPR reformats, resulting in coronal images of 3-mm-thick
slices perpendicular to the hard palate roof at a total length of
12 cm from the tip of the nose. The volume of each nasal cavi-
ty was obtained by adding areas for each coronal image. Areas
were calculated with a manual ROI with 500 and -1024 HU
limits. 

NO measurements

Nasal nitric oxide measurements were performed by chemilu-
minescence (SIR, System N6008 NO tracer, Madrid, Spain),
following a standardized method, repeated three times and
then averaged, in order to ensure the reproducibility of the
results (10).

Statistical analysis

Data analysis was performed with the statistical package SPSS
14.0. The data are presented as mean ± SD (standard devia-
tion). The relationship between the AR and CT volume data
was tested by the Pearson correlation and intraclass correlation
coefficient tests. Values of p < 0.05 were considered statistical-
ly significant.

RESULTS
CT and AR measurements values are expressed as right plus left
sides (Table 1). All data volumes were higher when assessed by
AR in comparison with CT-scan (V0-5: 8.9 vs 6.5 cm3; V5-9: 15.5
vs 6.3 cm3; V0-9: 24.4 vs 12.8 cm3). The dmCSA measured by
AR was 4.7 ± 2 cm for the left side and 4.2 ± 2.2 cm for the right
side. Mean values for NO were 312.2 ± 43.8 ppb. The correla-
tion between NO levels and volumes (V0-5 or V0-9) measured by
AR was not statistically significant. 

A statistically significant correlation between AR and CT was
observed in the anterior part of the nasal cavity (V0-5) when
measured by the Pearson correlation coefficient test (r = 0.67,
p < 0.0005) (Figure 2a). In contrast, weak correlations were
found in the posterior segment of the nose (V5-9) (r = 0.57, p =
0.002) and in the total volume (V0-9) (r = 0.65, p = 0.001)
(Figure 2b). When the correlation was performed with the intr-
aclass coefficient test, a good consistency and absolute agree-
ment was found in V0-5, but not in V5-9.

DISCUSSION
Although the accuracy of AR in studying the geometry of nasal
cavities is well documented in several diseases, to our knowl-
edge this is the first study that evaluates the accuracy of AR
compared with CT-scan in patients with CRS and NP. We
have demonstrated that AR measurements reflect the nasal
volumes in patients with NP reasonably well, and that its accu-
racy is better in the evaluation of the anterior part of the nasal
cavity (V0-5). Compared with CT-scan (considered the gold
standard), AR shows a good intraclass correlation coefficient,
both for consistency (0.515) and absolute agreement (0.427) in

the first 5 cm. Beyond this point the correlation is worse. On
the other hand, the Pearson test shows a good correlation in
both V0-5 (r = 0.67) and V5-9 (r = 0.59). The statistical test of
choice for studying the agreement between two tests is, how-
ever, the intraclass correlation coefficient test. Previous studies
have suggested the low reliability of AR measurements for
both posterior nasal cavities and beyond any major obstruction
(13). We found the narrowest part of the nasal cavity between 4
and 5 cm (4.7 ± 2 cm for the left side and 4.2 ± 2.2 cm for the
right side). So it could be the reason for the lower accuracy of
AR measurements in posterior nasal cavities (V5-9).

Figure 2. A) Pearson Correlation for volume between 0 and 5. 

B) Pearson Correlation for volume between 5 and 9.
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Several studies have compared the accuracy of AR with CT in
different conditions. Hilberg et al. evaluated this relationship
in cadaver models and found a good correlation (r = 0.69) (9).
Numminen et al. studied 13 patients diagnosed with CRS with-
out NP and found a correlation of r = 0.59 (14), while Gilain et
al., in a sample population of 9 patients with turbinate hyper-
trophy, demonstrated a better correlation (r = 0.62) (8). Tarhna
et al. evaluated the ability of AR to quantify paranasal sinus
volumes and ostium size and found a good relationship when
measurements were performed up to the ostiomeatal complex,
whereas a bad correlation was observed beyond this point (15).
Terheyden et al. conducted a clinical study of 10 healthy vol-
unteers and found a Person correlation value of 0.83 (16).

Nasal nitric oxide is produced in the respiratory tract, with a
major contribution from the upper airways especially the max-
illary sinuses. Although nasal polyposis is an inflammatory dis-
ease and we could expect high NO levels, some studies have
found a decrease in nasal NO (11). This paradoxical finding may
be explained by the fact that a complete obstruction of the
ostiomeatal complex by nasal polyps prevents the release of
nNO from maxillary sinuses to nasal cavities. Colantonio et al.
(11) classified patients with NP using the endoscopic Lund-
Mackay staging scale (range 0-III), finding that nNO levels in
patients with grade I were under 600 ppb, under 400 ppb with
grade II and under 200 ppb with grade III. In our study popula-
tion, where all patients scored 2-3 on the Lildholdt staging
scale (similar limits to those of the Lund-Mackay), the nNO
values were low (312.2 ± 43.8 ppb), within the same range as
grade II in the Colantonio’s study. However, the relationship
between volumes and NO levels was not statistically signifi-
cant. Thus, an increase of nNO levels could be an indirect
marker of treatment response like was demonstrated by Ragab
et al. (17), where the increase in nNO after medical and surgical
treatment correlated with the improvement in symptom
scores, endoscopic changes, and polyp grades.

CONCLUSION
In conclusion, this study demonstrates that AR is a reliable
technique with good accuracy for evaluating the occupancy of
nasal cavities in patients with CRS and NP. It remains to be
seen, however, how AR can help us in the monitoring and fol-
low-up of medical and surgical treatment of patients with nasal
polyps.
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