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Use of Standard Radiography to Diag-
nose Paranasal Sinus Disease of Asth-
matic Children in Taiwan: Comparison
with Computed Tomography

Li-Chen Chen', Jing-Long Huang',

Paranasal sinus diseases are
common in asthma patients '’
Haung et al.’ reported that abnor-
mal sinus radiographs were found in
54.7% of asthmatic children in Tai-
wan. Sinusitis has been described as
one of the severe aggravating fac-
tors of chronic asthma in both
adults and children. Various mech-
anisms, such as mucosal irritation
causing vagally mediated broncho-
spasm, production of toxins or f3-
adrenergic blockage by infecting
bacteria, and the local production of
chemical mediators, such as leuko-
trienes and eosinophil chemotactic
factor, have been 1mplicated as
mechanisms through which sinus
disease can cause deterioration of
health in asthma patients.* Several
studies of children with sinusitis and
hyperreactive airway disease have
shown that management of sinusitis
results in significant improvement
of health in asthma patients.*® It is
important to diagnose concomitant
sinus diseases in patients with asth-
ma due to the possible therapeutic
implication for a decrease in the

Chao-Ran Wang? Kuo-Wei Yeh'and Syh-Jae Lin'

SUMMARY Paranasal sinus disease and bronchial asthma are frequently
associated. Computed tomography imaging is currently the most reliable
method for confirming the diagnosis of sinusitis. Due to the cost and
amount of radiation during computed tomography, our aim was to analyze
whether standard radiography, under computed tomography-control, had a
reasonable degree of confidence in the diagnosis of sinusitis. Fifty-three
asthmatic patients (42 males and 11 females) with a mean age of 9 years
(range 4-14) were enrolled. We evaluated the maxillary sinuses, ethmoidal
sinuses, frontal sinuses, and sphenoidal sinuses using standard radio-
graphy (Waters' view, Caldwell view, and lateral view) and compared with
computed tomography (coronal views), the latter served as a standard.
Computed tomography (CT) showed paranasal sinusitis in 58% (31/53) of
the asthmatic children. Compared with the results of computed tomo-
graphy, standard radiography revealed a sensitivity of 81.1% and a speci-
ficity of 72.7% for maxillary sinusitis. The sensitivity and specificity for
ethmoidal, frontal, and sphenoidal sinusitis were 51.8%, 84.8%; 47.3%,
87.2%; and 40.8%, 93.3%, respectively. In 21 (40%) of the 53 patients, dis-
crepancies were seen between the interpretations of standard radiography
and those of CT scans. In patients with maxillary sinusitis, the correlation
between standard radiography and CT was good. However, ethmoidal,
frontal, and sphenoidal sinusitis were poorly demonstrated using radio-
graphy. Standard radiography can be recommended as a screening meth-
od for maxillary sinusitis, but it is not recommended for the diagnosis of
other paranasal sinusitis.

severity of their asthma, such as
treatment with antibiotics, topical

steroids, or endoscopic sinus sur-
7

gery.

A good radiographic view has
long been considered the most re-

liable adjunct in the clinical diag-
nosis of sinusitis. Computed tomog-
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raphy (CT) imaging is currently the
most reliable method to confirm the
diagnosis of sinusitis.** While CT
imaging, provides for more sen-
sitivity and specificity, its use 1s
limited by high cost, limited avail-
ability, and the use of high doses of
radiation.'” Thus, standard radio-
graphy in different views for the
diagnosis of paranasal sinuses 1s
still used by most allergists and
otorhinolaryngologists because it is
simple, fast, and inexpensive. The
present study was undertaken to
determine whether standard radio-
graphy using prone coronal CT
scans as a control is sufficiently
sensitive and specific to be used as
a screening method for the types of
sinus disease common in asthmatic
children.

MATERIALS AND METHODS

Patient selection

Fifty-three asthmatic children,
with a mean age of 9 years (range 4
years to 14 years), who were fol-
lowed at the pediatric allergy clinic
of the Chang Gung Children’s Hos-
pital were enrolled in this study. A
detailed history of allergies and a
complete physical examination were
carried out by a pediatrician and a
otolaryngologist for each patient.
All 53 patients demonstrated symp-
toms of sinusitis at the time of
radiographic studies. These symp-
toms included chronic cough, per-
sistent anterior-posterior rhinorrhea,
nasal congestion, headache, and
chronic otitis media. Physical signs
included periorbital edema, nasal
mucosal edema, mucopurulent
rhinorrhea, and wheezing. Appro-
priate informed consent from the
parents of each patient was obtained
after it was explained that radio-
graphy was clinically indicated as

a diagnostic procedure and there
would be no charge for the proce-
dure.

Standard radiography and com-
puted tomography

Occipitomental (Waters’), oc-
cipitofrontal (Caldwell), and lateral
views of the paranasal sinuses were
performed for all patients. All sinus
X-rays films were read by one ex-
perienced radiologist blinded to the
clinical information. Positive radio-
graphic examination criteria were
defined before beginning the study
as demonstrating abnormalities of
one or all of the following, > 4 mm
of mucosal thickening, any degree
of opacification of one or more
sinuses, and an air-fluid level **"
All patients also received modified
and limited prone coronal CT scans
at selective maxillary, sphenoidal,
and fronto-ethmoidal sinuses, res-
pectively, with a slice thickness of 3
mm to minimize radiation doses.
Prone coronal CT scans gave more
information about the nasal lateral

~wall and made it much easier to

differentiate between anterior and
posterior ethmoidal cell involvement
than transaxial sections. These were
interpreted by an experienced radio-
logist who was not provided with
any medical history or clinical infor-

mation about the patients. Mucosal
thickening was interpreted as
mucosal lining wider than 4 mm.

Statistics

With CT as the standard, we
calculated sensitivity and specificity
for sinus X-rays films as follows:
sensitivity = TP/(TP + FN) and
specificity = TN/(TN + FP), where
TP 1s true positive, TN is true
negative, FP 1s false positive, and
FN is false negative.

RESULTS

All patients had ethmoidal and
maxillary sinus development. Those
patients with frontal and sphenoidal
sinus developmental are listed in
Table 1. The findings of standard
radiography in paranasal sinuses
were compared with prone coronal
CT of 53 asthmatic children (aged
listed in Table 1), representing
sensitivity of 81.1%, 51.8%, 47.3%,
40.8% and specificity of 72.7%,
84.8%, 87.2%, 93.3% for maxil-
lary, ethmoidal, frontal, and sphe-
noidal sinuses, respectively (Table
2). Involvement of different sinuses
detected using CT scans are shown
in Table 3. The proportion of pa-
tients presenting with sinus disease
was higher in the younger children

Table 1

Development of frontal and sphenoidal sinuses as
determined using CT in a population of 53 asthmatic
children related to age group.

Age group (years) Number Sphenoidal Frontal
4-6 7 5 (71%) 2 (29%)
6-8 14 11 (79%) 7 (50%)
8-10 14 13 (93%) 12 (86%)
>10 18 16 (89%) 17 (94%)
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(age 4 to 8 years) than in the older
children. The percentage of children
with maxillary sinusitis, detected
using CT scans, was about 50%
to 70% in all age groups, but in
younger children (4 to 8 years), the

58% and 71%, 68%, respectively.
Our study also showed that stand-
ard radiography missed approxi-
mately 13% - 24% of the abnormal
sinuses found on CT. In 21 (40%)

of the 53 patients, discrepancies
were seen between the interpreta-
tions of standard radiography and
those of CT scans. The findings are
shown in Table 4.

disease was more severe with a
higher degree of °Pa°'ty and more Table 2 Sensitivity and specificity of various sinusitis detected using
frequent bilateral disease. The rela- standard radiography compared to computed tomography
tive frequency of sinusitis in the
f.rontal, ethmoidal, and sphgn o@al TP TN FN FP  Sensitivity Specificity
sinuses tended to fall with in- (%) (%)
creasing age (Table 3). Of the 53
patients studied, 31 (58%) had an Maxillary sinuses 43 40 8 15 81.1 727
: : Ethmoidal sinuses 14 67 13 12 51.8 84.8
abnormalify Of = ,Smus on CT scans. Frontal sinuses g S 10 7 473 87.2
The abnormality in any of the para- Sphenoidal 6 70 9 5 408 933
nasal sinuses and of the maxillary sinuses
sinuses detected using CT and TP: true positive; TN: true negative; FN: false negative; FP: false positive.
standard radiography were 64%,
Table 3 The occurrence of sinusitis of various paranasal sinuses, related to age group,
detected using CT in 53 asthmatic children
Age group Sinus disease Macxillary Ethmoidal Frontal Sphenoidal
(years)
46 (N=7) 85% 1% 43% ND* 28%
6-8 (N =14) 78% 70% % 57% 14%
8-10 (N =14) 64% 57% 42% 28% 21%
>10 (N =18) 45% 45% 1% 6% 6%
*ND: not yet developed
S e
Table 4 Results of standard radiography and CT of paranasal sinuses
Maxillary Ethmoidal Frontal Sphenoidal
Number of sinuses evaluated 106 106 76 0
Discrepancies between interpretation 23 (22%) 25 (24%) 17 (22%) 4 (13%)
of standard radiography and CT scans
Number of patients with abnormal 36 (70%) 18 (34%) 10 (19%) 7 (13%)
sinuses on standard radiography
(N=53)
Number of patients with abnormal 31 (58%) 21 (40%) 13 (25%) 8 (15%)
sinuses on CT scan (N=53)
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DISCUSSION

The paranasal sinuses are four

paired structures surrounding the
nasal cavities. Developmently, the
maxillary and ethmoidal sinuses are
present at birth and are evident
using radiography during infancy.
The development and radiographic
appearance in sphenoidal and fron-
tal sinuses are shown later. The
youngest patient with sphenoidal
sinus development was 1 year 10
months old."> In our 53 patients, no
development of sphenoidal sinuses
on CT was noted in eight patients
and of frontal sinuses in 15 patients
(Table 1).
Slavin et al.”" reported that
53% to 75% of children with asth-
ma have abnormal sinus radio-
graphs. Brent and David" found
that accurate and appropriate diag-
nosis of chronic sinusitis in asthma
patients followed by effective
treatment improved both patients’
sinus condition and asthma 1n
approximately 70% to 80% of the
patients. Although the importance
of evaluating the sinuses in patients
with asthma is well documented, we
have to deal with two problems, the
prevalence rate of sinusitis in asth-
matic children and the confidence in
the diagnosis of sinus disease using
plain radiography. It has been sug-
gested that plain radiography may
underestimate or overestimate sinus
disease. Therefore, we prospective-
ly compared sinus radiographs with
prone coronal CT scans.

The most commonly employed
means of evaluating sinus disease 1s
plain radiography. The occipito-
mental (Waters’) view is used for
delineation of the maxillary sinuses,
and the lateral view is used for
observation of the sphenoidal and

frontal sinus. The anteroposterior
view is used to visualize the frontal
and ethmoidal sinuses. Air-fluid
levels and opacification are consi-
dered to be reliable pathologic
findings on plain X-rays. Some
authors also consider mucosal
thickening of 4 mm or more to be a
reliable pathologic finding*>"' A
CT scan gives a much better vis-
ualization than does a plain X-ray
of the anatomy of the bone and
mucous membranes of the paranasal
sinuses and has become the stand-
ard for sinus imaging.”’ To reduce
radiation doses, we developed a
modified and limited CT scanning
protocol using 3 mm thickness and
single slice at maxillary, sphenoidal,
and fronto-ethmoidal sinuses,
respectively.

In the study by Rachelefsky et
al>'® and others,*'” the maxillary
sinuses were most commonly
involved (as in the present study,
Table 2). The severity of maxillary
sinusitis tends to fall with increasing
age (Table 2). Gwaltney et al.'®
showed, using CT scanning, that
maxillary, ethmoidal, frontal and
sphenoidal sinus abnormalities in
the patients with common colds
were 87%, 65%, 32%, and 39%,
respectively. The data of Zimmer-
man et al."’ in the examination of
138 asthmatic children using sinus
X-rays revealed that abnormal
maxillary, ethmoidal and frontal
sinus were 94%, 28% and 8%, res-
pectively. The overall prevalence of
paranasal sinusitis found using
radiography is very similar to our
results.

Standard radiography in our
study showed that both the sen-
sitivity  (81.8%) and specificity
(72.7%) were satisfactory for max-
illary sinuses. The relatively lower
sensitivity for evaluation of sinus

disease using plain radiography was
seen in ethmoidal, frontal and sphe-
noidal sinus (Table 2). Lee et al.®
in examunation of 33 children sug-
gested of having chronic sinusitis,
found maxillary sinuses are well
visualized on radiographs using
Waters’ view. Rudolf er al* re-
ported that the standard Waters’
view radiograph was employed as a
first-line screening method for the
paranasal sinuses. Our results re-
vealed that maxillary sinus radio-
graphy had a reasonable degree of
confidence in the diagnosis of sinus-
itis.

McAlister et al** reported that
80% of the sinus CT scans were ab-
normal in 70 infants and children
with recurrent sinusitis. Havas et
al® stated the prevalence of ab-
normal sinus CT scans was 54.4%
In asymptomatic patients with aller-
gic rhinitis. Of the 53 patients in
our study, 31 (58%) had abnormali-
ties of the sinuses shown on prone
coronal CT scans. Our study also
showed that standard radiography
missed approximately 13% - 24%
of abnormal sinuses found on CT
(Table 4). In 21 (40%) of the 53
patients, discrepancies were seen
between the interpretations of
standard radiography and those of
CT scans. Wippold et al.* reported
that the discrepancy rate in adults
between plain radiography and
prone coronal CT was 59%. Lusk
et al® and Davidson et al*® found
that comparison of plain film radio-
graphy and CT imaging of different
sinuses showed discrepancies that
ranged from 23% to 74%. Caffy*’
advised caution in interpreting the
results of the sinus radiographs of
children because of certain vana-
tions, such as asymmetry in facial
bones, sinus development, overlying
soft tissues.
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Fig.1 Waters' view of a 14-year-old boy (A) and a 9-year-old boy (B) show partial opacification of
right maxillary sinus in these two patients. Representative CT scans show bilateral retention
cyst (C) and right retention cyst (D).
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Fig. 2 A: Caldwell projection radiograph in an 8 year-old girl was interpreted as showing normal
ethmoidal sinuses bilaterally; B: Representative coronal CT scan shows abnormal right
ethmoidal sinus.

Fig. 3 A: Waters' view of a 10 year-old boy shows mucosal thickening of maxillary sinuses; B:
Representative CT scan is normal.
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The agreement between plain
radiographs and CT scans was the
best in evaluating the maxillary
sinus, '® although minimal to modest
mucous membrane thickening,
especially posteriorly or posterior
retention cysts, may not be evident
on plain radiographs (Fig. 1).
Partial ethmoidal disease noted on
CT scans may not be shown on
conventional radiographs (Fig. 2).
Some maxillary sinuses that ap-
peared as mucosal thickening on
plain radiographs were misinter-
preted to be maxillary sinusitis (Fig.
3). Lazar et al.® demonstrated that
plain radiography of the sinuses
may lead to underdiagnosis or even
overdiagnosis of sinus disease 1n
children. In the study by McAlister
et al. ** plain radiography was val-
uable in the evaluation of sinus
disease in children, but did show
limitations particularly of the eth-
moidal and sphenoidal sinus.

The charges for CT in our
institution are substantially greater
than for plain radiographs. The cost
of limited coronal CT series at our
institution is $117 (includes profes-
sional and technical fees) which
should be compared with $16 for a
plain film sinus series. Approxi-
mately 1.2 centiGray (1 centiGray =
1cGy = 1 rad ) 1s given for plain
film radiography (three projections).
This is compared with 4.8 to 5.6
Gy (multiple scan average dose)™
for CT scans.

Our study demonstrated that
X-rays of the maxillary sinus had a
higher value of sensitivity than X-
rays of other sinuses for detecting
occult chronic sinusitis. Standard
radiography is inexpensive and
simple to use. Standard radiography
of maxillary sinuses may be useful
as a first-line screen modality for

occult chronic sinusitis in asthmatic
children.
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