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Abstract

To facilitate management of acute sinusitis, we conducted a meta-analysis of published studies comparing diagnostic tests for this dis-
order. Thirteen studies were identified through literature search. Based on sinus puncture/aspiration (considered most accurate), 49-83%
of symptomatic patients had acute sinusitis. Compared with puncture/aspiration, radiography offered moderate ability to diagnose sinusi-
tis (summary receiver operator curve [SROC] area, 0.83). Using sinus opacity or fluid as the criterion for sinusitis, radiography had sensi-
tivity of 0.73 and specificity of 0.80. Studies evaluating ultrasonography revealed substantial variation in test performance. The clinical
evaluation, particularly risk scores formally incorporating history and physical examination findings, had moderate ability to identify pa-
tients with positive radiographs (SROC area, 0.74). Many studies were of poor quality, with inadequately described test methods and un-
blinded test interpretation. In conclusion, acute sinusitis is common among symptomatic patients. Radiography and clinical evaluation

(especially risk scores) appear to provide useful information for diagnosis of sinusitis. © 2000 Elsevier Science Inc. All rights reserved.
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1. Introduction

Acute sinusitisis one of the most common conditions for
which patients seek care from physicians [1]. Annually in
the United States, almost three million patients are diag-
nosed with acute sinusitis [2]. Because acute sinusitis may
often be caused by bacterial infection, patients with symp-
toms compatible with this syndrome frequently receive anti-
biotics. As aresult, acute sinusitis is the fifth most common
reason for outpatient antibiotic prescription [3].

The most accurate and cost-effective methods for diag-
nosing acute sinusitis remain uncertain [4]. Diagnostic tests
utilized in this setting include radiography, computed to-
mography, magnetic resonance imaging, and, in some Euro-
pean countries, ultrasonography. Sinus puncture, performed
by otolaryngologists, may be considered the “gold stan-
dard” test for this condition, and purulent secretions on aspi-
ration provide direct evidence for sinus inflammation [4,5].
Nonetheless, sinus puncture can only rarely be clinically
justified, given its cost, inconvenience, and associated pa
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tient discomfort. Radiography and ultrasonography are
more easily incorporated into a general medical practice,
but techniques and diagnostic criteria have varied [6-10].
Often the diagnosis of sinusitisis made on clinical grounds,
but the accuracy of the clinical evaluation is unclear [11].
Inaccurate diagnosis of acute sinusitis leads to suboptimal
clinical outcomes. Failureto treat patients with acute sinusi-
tis with antibiotics may delay symptom resolution [12]. In-
adequate antibiotic treatment can lead to chronic sinusitis
and, in rare cases, serious bacterial complications [13]. On
the other hand, unnecessary antibiotic use adds to medical
costs and treatment side effects, and hastens the emergence
of antibiotic-resistant microorganisms [14]. Reliable infor-
mation on diagnostic test performance might allow develop-
ment of more cost-effective treatment strategies for the
management of patients with acute sinusitis symptoms.

We conducted a meta-analysis of published data to eval-
uate diagnostic tests for acute sinusitis. Summary estimates
of how these tests perform provide a basis for their rational
use and highlight areas where more research is needed.

2. Methods

To identify published studies comparing diagnostic tests
in acute sinusitis, we conducted a MEDLINE literature
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search for English language articles published between
1966 and October 1998, using the sensitive (but nonspe-
cific) strategy “sinusitis (MeSH heading or textword) AND
human.” This strategy identified 4070 articles; after a re-
view of identified titles and abstracts, several hundred of
these articles deemed potentially relevant were retrieved.
Detailed examination of retrieved articles identified 49
studies of diagnostic tests or clinical criteria. We also identi-
fied additional articlesin reference lists of retrieved articles
and review articles and through consultation with col-
leagues and experts.

To be included in the present meta-analysis, studies in
this final screened group had to compare the ability of two
or more tests to diagnose acute sinusitis. In general, subjects
were recruited into these studies when they presented with
symptoms consistent with acute sinusitis. Because there is
no universally accepted definition of acute sinusitis, we in-
cluded studies regardless of their subject éigibility criteria;
some studies did not provide an explicit description of who
was digible. In this meta-analysis, we included only studies
that evaluated each test on all study subjects, to avoid the
problem of verification bias. Verification bias occurs when
areference test is applied only to high-risk subjects, leading
to inaccurate estimates of sensitivity and specificity of the
test being evaluated [15]. Diagnostic tests included: clinical
examination (studies had to evaluate a composite measure
such as overall clinical impression or a decision aid such as
arisk score), radiography, ultrasonography, and sinus punc-
ture/aspiration. Although we searched for studies evaluating
computed tomography or magnetic resonance imaging, no
eligible studies were identified.

Each included study allowed estimation of sensitivity
and specificity for at least one test (“test of interest”) in
comparison to another (“reference test”). Data were ob-
tained from each study identifying individuals as having or
not having sinusitis, for each of the evaluated diagnostic
tests. To calculate sensitivity and specificity in a compari-
son of two diagnostic tests, we decided which was the test
of interest and which was the reference test. In this regard,
included studies presented comparisons of diagnostic tests
in amanner consistent with a“hierarchy” of accuracy: most
accurate was sinus aspiration/puncture, followed by radiog-
raphy, ultrasonography, and then clinical examination. This
hierarchy reflects how these diagnostic modalities are used
in practice, in that uncertainty following clinical examina-
tion can prompt a clinician to obtain a more “definitive”
test, such as radiography, and uncertainty following radiog-
raphy can, in some circumstances, prompt sinus aspiration.
As a consequence of this hierarchy, for example, we derive
estimates of sensitivity and specificity of ultrasonography
with respect to radiography (and not vice versa). Many stud-
ies reported data only for “sinuses’ and not for “patients;”
these data were used in the analyses. For each study, test
data were abstracted in duplicate, with discrepancies be-
tween reviewers resolved through discussion.

When studies presented test performance data for more
than one threshold or “cutpoint” for atest of interest, we ex-
tracted data for each cutpoint separately. For instance, for
the clinical examination compared with radiography, data
for overall clinical impressions of “intermediate probabil-
ity” and “high probability” were included separately.

For each combination of test of interest and reference
test, a summary receiver operator characteristic (SROC)
curve was derived [16]. The SROC curve, combining data
from all of the relevant studies, displays the trade-off be-
tween a test’s sensitivity and specificity. Multiple data
points from studies that provided data at different cutpoints
were used to derive these curves; because these observa-
tions were therefore not independent, we did not calculate
confidence intervals around SROC curves. Each data point
was weighted by the inverse of the estimate's variance.
When studies provided estimates of specificity over awide
range, the area under the SROC curve was calculated by ex-
tending the curve over the total possible range of specifici-
ties from O to 1. For subsets of studies that provided esti-
mates for a narrow range of values, we calculated random
effectsweighted averages for sensitivity and specificity
[17]. Statistical calculations were performed using Meta
Test (version 0.6, available upon request from Joseph Lau).

From each study we al so abstracted the country where the
study was performed and publication date; subject age and
duration of symptoms; location of the study (hospital, office
practice, or emergency department); and speciaty of physi-
cians evauating patients (primary care physicians or oto-
laryngologists). We noted whether the study report stated
that each diagnostic test was evauated in a manner blinded
to the results of the other evaluated tests and whether the re-
ports clearly defined the criteriafor a positive test resullt.

3. Results
3.1. Description of studies and study subjects

Thirteen studies were included, five of which provided
comparisons of more than two tests (Table 1). Eleven stud-
ies were conducted in Europe, including all of those utiliz-
ing sinus puncture as a reference test. Two studies were
conducted in the United States [18,19]. Six studies recruited
patients from a hospital or emergency room setting, three
recruited from physicians' offices, one recruited from both
settings, and three did not describe the study setting. In most
studies, the physicians evaluating the subjects were oto-
laryngologists (Table 1).

The study by Jannert and colleagues was the only study
restricted to children [20], although three other studies in-
cluded some children <10 years of age [8,21,22]. Six de-
scribed symptoms that subjects needed to have for study in-
clusion (typicaly nasal symptoms or headache); the
remainder included individuals when they or their physi-
cians suspected acute sinusitis. Only four studies stated how
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long subjects could have symptoms before evaluation: two
studies limited duration of symptoms to 30 days [6,9], and
two limited duration of symptoms to 90 days[23,18].

Only four studies stated that interpretation of both the
reference test and test of interest occurred under blinded
conditions [4,18,19-24]. Five other studies [6,9,21-23] de-
scribed blinded interpretation of the test of interest, but in-
vestigators interpreting the reference test were not blinded
to the results of the test of interest (in the study by Laine et
al., interpretation of sinus aspiration results occurred with
knowledge of radiography but not ultrasonography results).
Most studies adequately described criteriafor positive tests,
in a manner that would alow duplication of study results,
athough three studies did not describe positive criteria for
reference tests [22,23,25] and four did not describe positive
criteria for at least one test of interest [4,6,23,25]. Three
studies used the patient as the unit of analysisfor comparing
diagnostic tests [18,20,22]. In the remaining 10 studies, the
sinus was the unit of analysis.

3.2. Findings on sinus puncture

We included seven studies that used sinus aspiration, a
direct method for visualizing sinus contents, as the refer-
ence test. Four studies aspirated sinus contents through a
puncture of the inferior meatus [4,8,21,23], whereas three
did not describe technique [6,7,9]. Criteria for sinusitis on
puncture were aspiration of mucus or pus [6,8,9,21,23],
“discharge” [7], or fluid [4]. Two studies reported results of
microbiological cultures of aspirates, but these results were
not used as part of the criterion for sinusitis [4,9], Van
Buchem and coworkers [4] reported that pathogenic bacte-
ria were isolated from sinus aspirates in 34% of patients
(95% confidence interval 25-42%). Savolainen and col-
leagues reported that bacteria were isolated from 65% of
punctured sinuses[9].

Four studies that used sinus puncture as a reference test
provided sufficient data to estimate sinusitis prevalence
among enrolled patients (in whom the clinical diagnosis of
sinusitis had been considered plausible, based on entry cri-
teria described in Table 1). Two studies [4,6] that included
patients from general medical practices provided prevalence
estimates of 49% and 51%. Two studies [7,9] that restricted
enrollment to hospital-based otolaryngology clinics esti-
mated prevalence at 53% and 83%.

3.3. Snusradiography compared with sinus puncture

Six studies compared sinus radiography with sinus punc-
ture [4,6-9,21]. Studies used a series of two or three radio-
graphs, al including the occipito-mental (Water’'s) view.
Because three studies provided more than one comparison
of test performance, there were 10 values of sensitivity and
specificity available for analysis.

Fig. 1 displays these 10 values of sensitivity and speci-
ficity and the SROC curve derived from them. The 10 data
points appear to be well-described by the curve. Shown as

black ellipses are the five values of sensitivity and specific-
ity using the criterion “sinus fluid or opacity” to define pos-
itive radiographs. Shown as gray ellipses are the three val-
ues based on the criterion “sinus fluid or opacity or mucous
membrane thickening” to define positive radiographs. The
remaining two estimates are shown as white ellipses: one
used the criterion “sinus opacity,” while the explicit crite-
rion was not available for the other. The area under the
weighted SROC curveis 0.83.

Adding “mucous membrane thickening” as part of the
criterion for a positive radiograph appeared to increase the
sensitivity of radiography and decrease its specificity. Ran-
dom effects estimates for sensitivity and specificity, using
“fluid or opacity” as the definition of a positive radiograph,
were 0.73 (95% confidence interval, 0.60-0.83) and 0.80
(0.71-0.87), respectively. With the definition of positive ra-
diograph “sinus fluid or opacity or mucous membrane
thickening,” the estimates for sensitivity and specificity
were 0.90 (0.68-0.97) and 0.61 (0.20-0.91), respectively.
With positive radiographs defined as “ sinus opacity,” speci-
ficity increased only dlightly to 0.85 (0.76-0.91), but sensi-
tivity decreased dramatically to 0.41 (0.33-0.49).

3.4. Clinical examination compared with sinus puncture

A single study compared clinical examination with sinus
puncture [23]. This study provided datafor clinicians’ over-
al impressions, and also for a risk score derived from the
number of findings present from a four-item list: purulent
rhinorrhea with unilateral predominance, local pain with
unilateral predominance, bilateral purulent rhinorrhea, and
presence of pusin the nasal cavity.

Fig. 2 (Ieft panel) plots the five values of sensitivity and
specificity obtained from this report. Shown as four separate
gray dlipses are values of sensitivity and specificity for the
risk score, derived using cutpoints of one, two, three, or four
positive items out of the four-item list. The risk score appears
to have better discrimination than the overall clinical impres-
sion (shown as a white éllipse); the SROC curve, fit only to
therisk score values, has an area under the curve of 0.91.

Unfortunately, several difficulties with the study by Berg
et al. [23] cast doubt on itsinternal validity. First, the refer-
ence test, sinus puncture and aspiration, is poorly described
in the report. It is not clear whether radiography was used in
conjunction with aspiration to identify subjects with sinusi-
tis. Second, the report leaves unclear how “purulent rhinor-
rheawith unilateral predominance,” “bilateral purulent rhin-
orrhea,” and “pus in the nasa cavity” can be mutualy
independent risk score predictors of sinusitis.

3.5. Clinical examination compared with sinus radiography

Three studies compared clinical examination to sinus ra-
diography. The Axelsson study compared a physician’s
overall clinical impression with sinus radiography [25]. The
study by Jannert and colleagues evaluated a clinical risk
score for children, with 0-3 of the following findings: puru-
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Comparison of radiography to sinus puncture
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Fig. 1. Summary receiver operator characteristic curve for sinus radiography, compared with sinus puncture/aspiration for the diagnosis of acute sinusitis.
Each ellipse corresponds to a study estimate of sensitivity and specificity; the area of each ellipse is proportional to the study’s size, and horizontal and verti-
cal lines associated with each ellipse correspond to 95% confidence intervals for the study’s estimates. Black ellipses provide estimates using “sinus fluid or
opacity” as the radiographic criterion for sinusitis. Gray ellipses provide estimates for “sinus fluid or opacity or mucous membrane thickening” as the radio-
graphic criterion for sinusitis. The two white ellipses provide estimates for “ sinus opacity” and for an unspecified diagnostic criterion. Numbers next to each
ellipse refer to the study that provided data for that estimate, as identified in Table 1 and in the references.

lent nasal secretions on examination, history of upper respi-
ratory infection during the previous two weeks, and sinus
pain or tenderness [20]. The study by Williams et al. evalu-
ated a clinical risk score for adults, with 0-5 of the follow-
ing findings: maxillary toothache, abnormal transillumina-
tion, poor response to decongestants, purulent secretions on
examination, and history of colored nasal discharge [18].
The Williams study also included data for overall clinical
impressions of “intermediate” or “high” probability of si-
nusitis. There were therefore 11 values of sensitivity and
specificity available for analysis.

Fig. 2 (right panel) displaysthese 11 values of sensitivity
and specificity and the SROC curve. The points are well-

described by the SROC curve. Values based on various cut-
offs for the two risk scores, shown as gray ellipses, appear
to have similar discrimination to the overall impressions of
clinicians, shown as white €ellipses. The area under the
weighted SROC curveis0.74.

3.6. Ultrasonography compared with sinus puncture
or radiography

Eight reports[4,6,7,9,19,21,22,24] evauated the ability of
ultrasonography to diagnose acute sinusitis (Table 1). Seven
studies utilized A-mode ultrasonography [6,7,9,19,21,22,24],
with most using the presence of a*“back wall echo” as a posi-
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Fig. 4. The effect of sinus radiography results on the probability of acute sinusitis. Likelihood ratios for acute sinusitis, using the diagnostic criterion “sinus
fluid or opacity,” are 3.65 for positive radiographs and 0.34 for negative radiographs. Application of these likelihood ratios to arange of possible pre-test prob-
abilities for acute sinusitis (corresponding to various levels of sinusitis prevalence; horizontal axis) yields post-test probabilities (vertical axis). Post-test prob-
abilities given a positive radiograph areillustrated by the solid curve, and post-test probabilities given a negative radiograph are shown by the dashed curve.

tive criterion for sinusitis [7,9,19,21,22,24]. Two studies pro-
vided additional data on “mucous membrane thickening” asa
criterion [9,24]. One study did not describe technique or crite-
riafor sinusitis[4].

Five reports compared sinus ultrasonography with puncture/
aspiration [4,6,7,9,21]. Reports provided data on more than one
st of patients or for more than one diagnostic cutpoint, so there
were 10 values of sengtivity and specificity available for analy-
sis(Fig. 3, left pandl). Of note, these points do not appear well-
described by the SROC curve, implying thet variability in test
performance is present. Performance appeared poorest in the
study by Laine and colleagues (shown as awhite lipsein Fig.
3, |eft pand); this was the only study in which untrained pri-
mary care physicians performed and interpreted the ultrasounds
[6]. Performance was best in the study by Revonta and col-
leagues [21], with ultrasound simultaneoudy having good sen-

sitivity and specificity (Fig. 3, left pand).

Three reports [19,22,24] provided data for five compari-
sons of ultrasonography to sinus radiography (Fig. 3, right
panel). It is difficult to interpret these comparisons, because
the five data pointsfall close together in the SROC plot, and
it is unclear how well the SROC curve describes them or
how the SROC curve can be extrapolated.

4. Discussion

Acute sinusitis is common among patients presenting for
evaluation of symptoms consistent with this disorder. The
studies that used sinus aspiration as a reference test demon-
strated that approximately half of symptomatic patientsin a
general medical clinic will have acute sinusitis[4,6]. In oto-
laryngology clinics, where referred patients would more of -
ten be expected to have sinusitis, the prevalence of acute si-
nusitis was as high as 83% [9].
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Sinus puncture and aspiration may be the most valid
“gold standard” for these patients, because the procedure al-
lows direct examination of sinus contents. Indeed, a previous
meta-analysis of diagnostic tests for acute sinusitis by de
Bock and colleagues found that sinus puncture was the most
accurate means of diagnosing sinusitis [26]. Nonetheless, the
pain, need for referral, and cost attendant to sinus puncture
precludeits use in routine diagnosis and prompt an examina:
tion of how well other tests perform in comparison. In the
present study, we therefore summarized data on test perfor-
mance for sinus radiography, ultrasonography, and the clini-
cal examination. Using different methods than those used in
the de Bock meta-analysis [26], we constructed SROC
curves that allow examination of the inherent trade-off in
sensitivity and specificity for each diagnostic modality.

4.1. Radiography and ultrasonography

Sinus radiography discriminates fairly well between pa-
tients who have acute sinusitis, as documented by puncture,
and those who do not (Fig. 1, area under SROC curve 0.83).
Furthermore, inter-observer agreement is good for four-
view sinus radiographs, particularly in the diagnosis of
maxillary sinusitis [10]. Based on our results, the radio-
graphic criterion “fluid or opacity” has a likelihood ratio
positive of 3.65 and a likelihood ratio negative of 0.34 for
acute sinusitis [27]. As shown in Fig. 4, application of these
likelihood ratios to estimates of sinusitis prevalence yield
post-test probabilities that can be helpful to physicians mak-
ing treatment decisions. For example, given a prevalence of
sinusitis of 50% among symptomatic primary care patients,
a radiograph showing sinus fluid or opacity would increase
the post-test probability of sinusitis to 78%, while a nega-
tive radiograph would decrease it to 25%.

Studiesincluded in this report a so provided datafor eval-
uation of the radiographic criterion “sinus fluid or opacity or
mucous membrane thickening.” Likelihood ratios for this
criterion are 2.31 for positive results and 0.16 for negative
results. However, our estimate of the specificity of radiogra-
phy based on this criterion was imprecise (95% confidence
interval 0.20-0.91), so these likelihood ratios (and post-test
probabilities based on them) are also imprecise. The diag-
nostic information provided by radiographically documented
mucous membrane thickening therefore remains uncertain.

The eight studies that compared sinus ultrasonography
with either puncture [4,6,7,9,21] or radiography [19,22,24]
offered inconclusive information about how well ultra-
sonography identifies patients with sinusitis. As illustrated
by the five studies comparing ultrasonography with punc-
ture, performance of ultrasonography may vary substan-
tially beyond what is expected simply from different test
thresholds (Fig. 3, left panel; see [28]). This added variabil-
ity may arise through differences in patient populations, ul-
trasonographic techniques, or medical personnel involved in
diagnostic testing, and it calls into question the reliability of
ultrasonography. As documented by the poor performance

of ultrasonography when performed and interpreted by un-
trained personnel [6], extensive experience may be neces-
sary before clinicians can appropriately utilize this test. Be-
fore ultrasonography could be accepted as a useful and
reliable diagnostic tool, further studies comparing it with a
reference test will be necessary.

4.2. Clinical examination

Four studies looked at the clinical examination as a diag-
nostic tool in identifying patients with acute sinusitis, com-
paring it with sinus puncture [23] or radiography [18,20,25].
The clinical examination, composed of items from the pa-
tient history and physical examination, provides a rapid,
readily available, and reasonably inexpensive approach to
the diagnosis of sinusitis.

Because of methodological problems in the study by
Berg and colleagues [23], there are no reliable data for how
well clinical examination compares with sinus puncture as a
reference test. Furthermore, data comparing clinical exami-
nation with radiography cannot be easily interpreted as
“true” estimates of sensitivity and specificity, because radi-
ography itself is an imperfect test and not an ideal reference
standard. However, based on data from three studies, it is
possible to conclude that the clinical examination does offer
moderate ability to identify patients who will have a posi-
tive radiograph (Fig. 2, right panel, area under SROC curve
0.74). Inturn, thisimplies that some components of the clin-
ical examination may be useful for determining which pa-
tients would benefit most from radiography as part of the di-
agnostic evaluation. For example, it may be reasonable to
defer radiography if there is evidence on clinical evaluation
that the patient would very likely have a negative radio-
graph. An approach in which clinical findings dictate which
patients undergo sinus radiography may have important cost
implications and deserves study.

An important type of clinical examination tool is the risk
score. With arisk score, aclinician determines the presence
or absence of each of a series of symptoms and signs; the
probability of sinusitis increases with each additional posi-
tive finding, and the clinician can use this information to
help decide if sinusitis is present. Three studies provided
data on performance of risk scores, each consisting of three
to five separate clinical symptoms and signs. One study sug-
gested that a risk score performs better than a physician’s
overal clinical impression [23]. On the other hand, two
studies (one evaluating diagnosis of sinusitis in children)
suggested equivalent discrimination between a clinician’s
overall impression and arisk score [18,20]. Because a risk
score may be simple to apply, and it may depend less than a
clinician’s overall impression on experience and acumen,
further work to develop risk scores that can assist clinicians
by adding to or performing better than their overall impres-
sions is warranted. Ideally new risk scores would be care-
fully described, easily reproducible, and prospectively vali-
dated against areference test.
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4.3. Limitations and future work

Some studies of diagnostic tests included in the present
meta-analysis were poorly designed or inadequately re-
ported. The most common problems were incompletely
described study populations, poorly described test meth-
ods and criteria for a positive test (for both reference tests
and tests under evaluation), and lack of blinding of investi-
gators to results of one test when they were performing
and interpreting another (Table 1). It is unclear how much
these limitations of the primary studies affect the conclu-
sions of our meta-analysis. However, study characteristics
can affect assessment of diagnostic test performance
[15,29]. Future evaluations of diagnostic tests in acute si-
nusitis should give careful attention to study design and
reporting.

The cross-sectional modalities magnetic resonance im-
aging and, especially, computed tomography offer clear
images of the paranasal sinuses, easily discriminating be-
tween bone, fluid, and air. Approximately three-quarters
of patients clinically diagnosed with acute sinusitis in an
emergency room [30] or office practice [31] who undergo
computed tomography of the sinuses have abnormalities
on the scans. Particularly for frontal, ethmoid, and sphe-
noid sinus disease, computed tomography may identify ab-
normalities missed by conventional radiographs [30].
However, computed tomography may not have adequate
specificity for use in routine practice, because 87% of in-
dividuals with uncomplicated viral upper respiratory tract
infections also have abnormal computed tomography find-
ings, such as sinus opacification or air-fluid levels [32].
Because we identified no single study that provided both
sensitivity and specificity estimates for these cross-sec-
tional imaging techniques, it was impossible to examine
trade-offs between sensitivity and specificity, and to com-
pare these tests with other diagnostic modalities. Ulti-
mately, documentation of the utility of computed tomogra-
phy and magnetic resonance imaging will require rigorous
comparisons of these tests with an even more fundamental
diagnostic test, likely sinus puncture.

Because no study used “positive microbiological cul-
ture of sinus contents” as the criterion for acute sinusitis,
we were unable to determine how well any diagnostic test
identifies patients who have bacterial sinusitis and would
thus directly benefit from antibiotic treatment. One in-
cluded study found that one-third of patients with symp-
toms of acute sinusitis have microbiological evidence of
bacterial infection [4], lower than earlier estimates of 40—
60% [33,34]. Some patients with clinically or radiologi-
cally documented sinusitis will not have a bacterial infec-
tion, so providing antibiotics to al patients with a positive
test may result in substantial over-treatment. Decision
analyses that utilize our results regarding test performance
might accurately model the trade-offs between patient
symptoms, cost, and the antibiotic resistance attendant
with overuse.

5. Conclusions

Better information on the performance of diagnostic tests
may allow a more complete understanding of their role in
patient management and research. It may be possible to con-
struct a hierarchy of diagnostic tests, allowing the selection
of the most appropriate test for each specific purpose. At the
top of such a hierarchy would likely remain sinus puncture,
the “gold standard” test. However, because of its invasive
nature, puncture will likely be suitable only for research
purposes. This meta-analysis points out that additional work
is needed to define and characterize other testsin the middle
of this test hierarchy. Computed tomography may provide
images clear enough to serve in this role, perhaps as a refer-
ence standard for clinical work. Finally, it islikely that phy-
sicians will find little justification for using any imaging
modalities, regardless of their accuracy, if the tests are ex-
pensive or difficult to obtain. Further attention to perfecting
simple diagnostic tools, such as the clinical examination, at
the bottom of a test hierarchy, will therefore improve the
care of patients presenting with acute sinus symptoms.
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