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Objectives/Hypothesis: To diagnose chronic rhinosinusitis (CRS), current guidelines require either endoscopic or com-
puted tomography (CT) findings of sinus disease. To a primary care physician, this means a referral to an otolaryngologist or
obtaining a CT scan. Unfortunately, the sensitivity of endoscopy for detecting CRS is low, and examination by the Otolaryngol-
ogist may not yield a definitive diagnosis. This leaves CT scanning. However, this is contradicted by recommendations to limit
CT scanning for only preoperative planning purposes due to cost concerns. This study aims to provide an evidence-based
cost-efficient recommendation for primary care practice.

Study Design: Health care economics-based decision analysis model.
Methods: A cost-based decision analysis based on literature-reported probabilities and Medicare costs was constructed

for two scenarios: 1) primary care physicians who are comfortable initiating first-line treatment for chronic rhinosinusitis,
rhinitis, and atypical facial pain; and 2) primary care physicians who are less comfortable with medical management of these
conditions.

Results: Under both scenarios and the extremes of sensitivity analysis, upfront CT scanning provides cost-efficient diag-
nosis over presuming a diagnosis of chronic rhinosinusitis. Primary care physicians who attempt first-line treatment can
expect $503 (range5 $296–$761) saved per patient. Meanwhile, primary care physicians who prefer to refer may expect
$326 (range5 $299–$353) saved per patient.

Conclusions: In all scenarios, confirming diagnosis with CT scanning prior to treatment or referral is more cost-efficient
than presuming a diagnosis of CRS based on symptoms alone.

Key Words: Chronic rhinosinusitis, computed tomography scanning, health economics, empiric medical therapy, cortico-
steroids, imaging, evidence-based medicine.
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INTRODUCTION
Current adult European, Canadian, and American

expert opinion guidelines delineate subjective, objective,
and temporal criteria to diagnose chronic rhinosinusitis
(CRS).1,2 Subjective symptoms include nasal obstruction,
purulent discharge, facial pain/pressure, and hyposmia
for a minimum duration of 12 weeks. The European and
Canadian guidelines recommend that one of the symp-
toms must be nasal obstruction or purulent discharge.
Meanwhile, objective confirmation must come in the
form of endoscopic evidence of middle meatal purulence
or edema, or nasal polyps, or evidence of sinus inflam-
mation on computed tomography (CT) scanning. Evi-
dence suggests, however, that the specificity of symptom

criteria alone is poor, and that only 20% to 36% of
patients presenting with CRS symptoms in specialty
practice actually have objective findings.3 This leaves
CT scanning as the only other option to confirm the di-
agnosis of CRS.

This option is contradicted by expert opinion histor-
ically calling for CT scans to be used in preoperative
planning only. Whereas the US Rhinosinusitis Task
Force (RTF) has refrained from commenting on the tim-
ing of CT scanning, the European and Canadian guide-
lines explicitly state that it should be reserved only for
patients who have failed a first course of medical ther-
apy and are being considered for surgery. Similarly, the
American College of Radiology appropriateness criteria
recommend that imaging of the paranasal sinuses using
noncontrast CT for chronic or recurrent acute sinusitis
is “usually appropriate,” but suggest use for possible sur-
gical candidates.4

For primary care providers (PCPs), diagnosis can be
made if physical findings can be readily identified on
anterior rhinoscopy. However, when anterior rhinoscopy
is negative, two options are available: to obtain CT scan-
ning or to refer to an otolaryngologist for nasal endos-
copy. If PCPs are to follow the European/Canadian
guidelines, all patients should be referred to an otolar-
yngologist. However, Schreiber et al. found that 88% of
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patients with self-described “sinus headaches” in the pri-
mary care setting meet International Headache Society
criteria for migraine or headache spectrum diagnoses.5

As a result, using the current paradigm, most patients
referred to an otolaryngologist or empirically treated for
CRS symptoms are unlikely to have infectious or inflam-
matory rhinosinusitis. The consequence of the classic
diagnostic/treatment algorithm is a high number of mis-
directed referrals and/or high rates of antibiotic and
prednisone prescriptions for headache and rhinitis.

The concept of empiric medical therapy evolved in a
time when CT scanning involved higher doses of radia-
tion, was a scarce resource, and was expensive to obtain.
Today, sinus CT protocols have allowed reduced radia-
tion dosages equivalent to lateral chest x-rays, and are
easily accessible.

From a risk perspective, the risk of Clostridium dif-
ficile infection, occurring at an estimated incidence of 1
in 5,000 outpatient antibiotic prescriptions,6 with an
attributable mortality of 0.5 to 6.9%,7 and avascular
necrosis incidence of 1 in 300 with intermittent courses
of systemic corticosteroids,8–10 this is of significantly
higher impact than the sinus CT’s attributable lifetime
malignancy risk of 1 in 100,000.11

This leaves the issue of health care cost. Is it more
or less expensive for PCPs to obtain a CT scan prior to
treatment/referral in patients presenting with CRS
symptoms?

In an increasingly cost-conscious health care sys-
tem, this study compares the two algorithms based on
Medicare rates, pharmaceutical costs, and literature-
reported incidence/treatment response rates. The two
algorithms evaluated are the classic presumed CRS

algorithm (empiric initiation of CRS treatment and/or
otolaryngology referral based on symptoms) versus the
upfront CT algorithm (confirmation of diagnosis with CT
scanning prior to medical therapy and/or otolaryngology
referral). Given current recommendations, the null
hypothesis posits that the presumed CRS algorithm is
more cost-efficient. Meanwhile, the alternate hypothesis
posits that the upfront CT algorithm is more cost-
efficient.

MATERIALS AND METHODS
A cost-based decision analysis was performed based on

two PCP-centered management paradigms: 1) to obtain a CT
scan prior to treatment and/or referral; or 2) to presume a diag-
nosis of CRS based on symptom criteria and treat/refer, while
keeping CT scanning reserved for surgical planning.

PCPs have varying degrees of comfort with treating CRS,
headaches, and rhinitis. Therefore, the decision analysis was
run under two different scenarios; PCPs who are comfortable
trialing initial medical therapy (Fig. 1) and PCPs who prefer to
refer for first-line therapy (Fig. 2).

The decision tree starts with patients in the PCP office
who present with symptoms meeting CRS symptom criteria.
The endpoint is when patients have been treated with an appro-
priate first-line course of therapy and have received appropriate
referral depending on the diagnosis.

Two different scenarios were simulated based on PCP com-
fort level. The PCP treats scenario accounts for those who are
comfortable trialing first-line treatment prior to referral. The
PCP Refers scenario accounts for those who prefer to refer for
specialist opinion before initiating first-line treatment.

Under the PCP treats scenario (Fig. 1), a CT scan is or-
dered at the first visit. On follow-up visitation, patients are sep-
arated into one of three diagnoses. CRS is diagnosed when CRS

Fig. 1. Decision tree for the primary care provider treats scenario. The upper set of branches represents the decision analysis for upfront
computed tomography (CT), and the lower branch represents the decision analysis for presumed chronic rhinosinusitis (CRS). AFP 5 atypi-
cal facial pain/migraine/headache disorder; AR 5 allergic/nonallergic rhinitis; Abx 5 antibiotics; DNE 5 diagnostic nasal endoscopy;
ENT 5 new otolaryngology visit; F/U 5 follow-up visit; INS 5 intranasal steroid; Neg. 5 negative; Neuro 5 neurology; Pos. 5 positive; Pred 5

prednisone; Pt 5 patient; Rx 5 treatment; SPT 5skin prick testing.
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symptoms are accompanied by positive endoscopy and/or CT
scan findings. Chronic allergic/nonallergic rhinitis (AR) is diag-
nosed when nasal obstruction predominates and is accompanied
by negative endoscopy and CT. Atypical facial pain/migraine/
headache disorder (AFP) is diagnosed when pain/pressure is the
primary symptom and is accompanied by negative endoscopy
and CT. The PCP will then go on to treat with the appropriate
first-line therapy. Follow up after first-line therapy leads to ei-
ther symptom resolution or persistence. For the patients with
persistent symptoms, this will prompt referral to the appropri-
ate specialist.

In the presumed CRS algorithm, the PCP treats the
patient with clarithromycin, prednisone, and fluticasone propio-
nate at the first visit under the assumed diagnosis of CRS. On
follow-up, symptoms either respond or persist. Persistent symp-
toms will prompt an otolaryngology referral. Diagnostic nasal
endoscopy (DNE) will stratify patients into positive or negative
findings. Positive findings would prompt a CT scan in prepara-
tion for surgery. Negative endoscopy leads to a CT to seek cor-
roborating evidence of CRS. On follow-up with the
otolaryngologist, diagnosis is confirmed and the patient pro-
ceeds to appropriate referral or preparation for surgery.

Under the PCP Refers scenario (Fig. 2), the upfront CT
algorithm leads to CT scanning ordered at the first visit in
patients with CRS symptoms. At the follow-up visit, patients
are referred to the appropriate specialist for further work-up
and first-line treatment. Patients will then follow up with their
specialist and be considered for second-line treatment as
needed.

Under the presumed CRS algorithm, patients would be
referred directly to otolaryngology. If endoscopy is positive, they
would be treated medically for CRS. On follow-up, symptomatic
patients would then proceed to preparation for surgery. If initial
DNE is negative, patients obtain a CT scan. A previous cost
analysis has shown that in the otolaryngology setting, upfront
CT scanning is more cost-efficient than treating with empiric
therapy.12 On return otolaryngology visit, patients are

separated based on diagnosis, and are treated for CRS or
referred for appropriate consultation and first-line medical
therapy.

Unfortunately, there have been no primary care–based
studies utilizing objective criteria to characterize the epidemiol-
ogy of CRS. Therefore, values were extrapolated from studies
published in specialty-based practice whenever primary care
studies were unavailable. In tertiary clinics, rates of CRS
among symptomatic patients have been reported between 20%
and 36% (Lund–Mackay �4)13–15 and AFP between 43% and

50%.15,16 In the PCP setting, Schreiber et al. identified patients
with self-reported “sinus” headaches.5 Of nearly 3,000 patients,
88% had symptoms consistent with migraine, although these
patients were not followed up with CT imaging or endoscopy.
Although this is not a confirmed diagnosis of CRS, it may repre-
sent the best available estimate for the PCP setting.

Rates of positive endoscopy in patients meeting symptom
criteria for CRS were reported by Bhattacharyya and Lee at
28%.3 Stankiewicz and Chow also addressed the same question
using 1997 RTF criteria and found an endoscopy-positive rate of
29%.14 These studies were both conducted in tertiary rhinology
clinic settings.

Treatment responses were also modeled (Table I). Most
of these studies report improvement as opposed to complete
resolution of symptoms. However, given that higher response
rates would favor the null hypothesis, an assumption was
made to treat all partial improvements as complete
resolutions.

Clinical guidelines published by the neurology, allergy, and
otolaryngology societies were sought out to identify low-cost,
commonly used first-line medical therapy for each diagnosis.
Treatment of CRS1,2,17 was modeled to include prednisone, clari-
thromycin, and fluticasone propionate. Chronic migraine and
chronic tension headache18–21 included treatment with amitrip-
tyline. For AR, fluticasone propionate and loratadine were
used.22 Costs of medication were taken from the Redbook 2010
(Table II).23

Fig. 2. Decision tree for the primary care provider refers scenario. The upper set of branches represents the decision analysis for upfront
computed tomography (CT), and the lower branch represents the decision analysis for presumed chronic rhinosinusitis (CRS). AFP 5 atypi-
cal facial pain/migraine/headache disorder; AR 5 allergic/nonallergic rhinitis; Abx 5 antibiotics; DNE 5 diagnostic nasal endoscopy;
ENT 5 new otolaryngology visit; F/U 5 follow-up visit; INS 5 intranasal steroid; Neg. 5 negative; Neuro 5 neurology; Pos. 5 positive; Pre-
d 5 prednisone; Pt 5 patient; SPT 5skin prick testing.
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Medicare costs were used to model the clinical costs,

including new consultation and follow-up visits, nasal endos-

copy, skin prick allergy testing for 25 allergens (the maximum

allowed), and CT scanning (Table III).

Simulations were performed using median estimates to
establish the base case results. In the absence of literature-
reported values, assumptions were made in favor of the null
hypothesis (Table IV). Each parameter used in the model was
set to its maximum/minimum to fully bias in favor of upfront
CT or presumed CRS, and the simulations were repeated for
the sensitivity analysis, yielding a range.

The three diagnoses represent the majority of the possible
outcomes in the differential diagnosis, meaning that CRS plus
AFP plus AR essentially equal 100%. Therefore, AR can be
expressed as a function of CRS and AFP (100% 2 CRS 2 AFP).
Substituting this value in allows for the savings to be plotted
under varying pretest probabilities for each diagnosis.

RESULTS
Under the PCP treats scenario, using pretest proba-

bilities of 88% for AFP and 12% for CRS, the cost sav-
ings for the upfront CT algorithm is >$503.10 per
patient (sensitivity analysis 5 $296.33–$761.46). Even if
PCP offices had pretest probabilities approaching terti-
ary rhinology experiences, there continues to be savings
in favor of upfront CT (Figs. 3–5).

Under the PCP Refers scenario and 88% pretest
probability for AFP, the cost savings favors the upfront
CT algorithm by $326.04 per patient (sensitivity analy-
sis 5 $298.68–$352.97). Under tertiary rhinology pretest
probabilities, this continues to favor upfront CT (Figs.
6–8).

DISCUSSION
Current clinical guidelines leave a diagnostic void for

PCPs treating CRS. On the one hand, diagnosis requires
objective confirmation of sinus disease through CT scan-
ning or endoscopy. On the other hand, guidelines also rec-
ommend reserving CT scanning for surgical planning.
This leaves referral as the only option open to PCPs trying
to accurately diagnose patients with CRS symptoms. Due
to the low specificity of symptoms alone, this leads to sig-
nificant inefficiencies in the form of wasted patient time,
wasted money spent on inappropriate treatments/refer-
rals, and unnecessary risk of adverse events associated
with antibiotics and steroids. Arguments based on
increased radiation exposure and scarcity of CT resources
no longer hold. Current cone beam sinus CTs now incur
radiation exposure as low as lateral chest x-rays,24,25 and
are now commonly accessible in the outpatient setting.

The only remaining question is which one would be
costlier to the health care system. This study shows that
in the PCP setting (pretest probability of AFP 5 0.88),
with a PCP treats scenario, the upfront CT scenario yields
cost savings of $503.10 per patient (range 5 $296.33–
$761.46). Meanwhile, the PCP Refers scenario demon-
strates savings in favor of upfront CT of $326.04
(range 5 $298.68–$352.97). What is most striking is that
even using tertiary rhinology setting pretest probabilities
and in both PCP scenarios, the upfront CT paradigm is
consistently more cost-efficient than the presumed CRS
paradigm.

Limitations in decision analyses come from the abil-
ity to capture a realistic range of probabilities and the
availability of data. Assumptions were made where data
are unavailable. All assumptions were made in favor of
the null hypothesis. Compliance with medical therapy
was assumed to be 100% to maximize the response to
treatment—an assumption that biases in favor of the
null hypothesis. Actual pretest probability of true CRS
in the setting of symptoms in the PCP office is difficult
to predict. Schreiber et al. studied patients who had a
self-described “sinus headache” and not patients meeting
CRS symptom criteria.5 Meanwhile, tertiary clinic prob-
abilities are likely higher than those seen in primary
care. The true pretest probability for CRS has not been
studied. However, the true value likely exists intermedi-
ate to these two extremes. As demonstrated in Figures 3

TABLE I.
Treatment Response Rates.

Diagnosis Median Min Max

Asymptomatic after CRS therapy

CRS27–29 0.55 0.4 0.72

AR30–32 0.63 0.4 0.87

AFP (placebo)33–35 0.19 0.16 0.34

Asymptomatic after appropriate therapy

CRS27–29 0.55 0.4 0.72

AR30–32 0.63 0.4 0.87

AFP18–21 0.55 0.72 0.32

AFP 5 atypical facial pain/migraine/headache disorder; AR 5 allergic/
nonallergic rhinitis; CRS 5 chronic rhinosinusitis.

TABLE II.

Medication Cost Breakdown Adapted From the Redbook 2010.23

Medication Dose/Freq Duration Median Min Max

Fluticasone
propionate

1 bottle 4 weeks $75.27 $23.82 $150.54

Clarithromycin 500 mg/BID 4 weeks $271.27 $176.76 $514.8

Prednisone 30 mg/QD 2 weeks $10.65 $3.90 $27.6

Loratadine 10 mg/QD 1 month $94.04 $27.34 $125.38

Amitriptyline 25 mg/HS 2 months $21.66 $1.65 $52.96

Freq 5 frequency; BID 5 twice per day; QD 5 every day; HS 5 at
bedtime.

TABLE III.
Clinical Costs Based on US Medicare Reimbursement Rates.36

CPT Medicare

CT technical component 70486 $211.15

CT professional component 70486 $60.94

CT total 70486 $272.09

New patient (level 4 visit) 99204 $163.82

Return visit (level 3 visit) 99213 $70.55

Nasal endoscopy 31231 $189.15

Skin prick allergen testing, up to 25 allergens 95004 $6.53/test

CPT 5 Current Procedural Terminology code; CT 5computed
tomography.
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to 8, upfront CT is always the more cost-efficient option
at both extremes.

Predicting PCP behavior/comfort level with treat-
ment adds another level of complexity. It is difficult to

predict individual PCP comfort level with offering first-
line medical treatment. This analysis has adopted a
bracketing approach, modeling both treatment and

TABLE IV.
Modeled Assumptions and Their Related Effects.

Assumptions for Cost to Payor Favors Effect of Assumption Rationale

Repeat CT in upfront CT strategy Empiric 1 uCT cost Possibly not necessary if anatomy
already delineated by first CT.

100% compliance with medical therapy Empiric 2 pCRS cost Compliance rates in reality are likely
lower, but difficult to quantify.

Clarithromycin and amoxicillin/clavulanate chosen Empiric 2 pCRS cost Cheapest commonly used antibiotics.

Fluticasone chosen Empiric 2 pCRS cost Cheapest commonly used INS.

Adverse event risk for oral steroid not factored in Empiric 2 pCRS cost AE with any long-term sequelae is very
uncommon.

Antibiotic resistance not factored in Empiric 2 pCRS cost Resistance rates difficult to quantify.
Long-term resistance from multiple
Abx courses difficult to quantify.

CRS response rates (quoted from literature)
include partial responders

Empiric 2 pCRS cost Assume that partial responders do not
require further diagnostics/therapy. In
reality, some of these patients may go
on to CT scanning and surgery.

Asymptomatic patients stay asymptomatic Empiric 2 pCRS cost Rates unknown, but if symptoms return,
would require more medications and/or
CT scanning, leading to increased EMT
costs.

AR response rates (quoted from literature) are
for INS treatment alone

Unknown Unknown Actual AR response to INS/oral steroids
may be better than the response to
INS alone. Effect unknown.

Abx 5 antibiotics; AE 5 adverse event; AR 5 allergic/nonallergic rhinitis; CT 5computed tomography; EMT 5emergency medical treatment;
INS 5 intranasal steroid; pCRS 5 presumed; uCT 5upfront.

Fig. 3. Cost savings from adopting the upfront computed tomogra-
phy strategy depending on pretest probabilities, plotted for primary
care provider treats scenario using median base case values. Iso-
bars are given in US dollars. The area within the upper rectangle
represents the range of literature-reported pretest probabilities for
chronic rhinosinusitis (CRS) and atypical facial pain/migraine/head-
ache disorder in primary care, whereas the lower rectangle repre-
sents the values in tertiary care. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]

Fig. 4. Cost savings from adopting upfront computed tomography
strategy depending on pretest probabilities, plotted for primary care
provider treats scenario biased in favor of presumed chronic rhino-
sinusitis (CRS). Isobars are given in US dollars. The area within the
upper rectangle represents the range of literature-reported pretest
probabilities for CRS and atypical facial pain/migraine/headache
disorder in primary care, whereas the lower rectangle represents
the values in tertiary care. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]
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Fig. 5. Cost savings from adopting upfront computed tomography
(CT) strategy depending on pretest probabilities, plotted for pri-
mary care provider treats scenario biased in favor of upfront CT.
Isobars are given in US dollars. The area within the upper rectan-
gle represents the range of literature-reported pretest probabilities
for chronic rhinosinusitis (CRS) and atypical facial pain/migraine/
headache disorder in primary care, whereas the lower rectangle
represents the values in tertiary care. [Color figure can be viewed
in the online issue, which is available at wileyonlinelibrary.com.]

Fig. 7. Cost savings from adopting upfront computed tomography
strategy depending on pretest probabilities, plotted for primary
care provider refers scenario biased in favor of presumed chronic
rhinosinusitis (CRS). Isobars are given in US dollars. The area
within the upper rectangle represents the range of literature-
reported pretest probabilities for CRS and atypical facial pain/
migraine/headache disorder in primary care, whereas the lower
rectangle represents the values in tertiary care. [Color figure can
be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

Fig. 8. Cost savings from adopting upfront computed tomography
(CT) strategy depending on pretest probabilities, plotted for pri-
mary care provider refers scenario biased in favor of upfront CT.
Isobars are given in US dollars. The area within the upper rectan-
gle represents the range of literature-reported pretest probabilities
for chronic rhinosinusitis (CRS) and atypical facial pain/migraine/
headache disorder in primary care, whereas the lower rectangle
represents the values in tertiary care. [Color figure can be viewed
in the online issue, which is available at wileyonlinelibrary.com.]

Fig. 6. Cost savings from adopting upfront computed tomography
strategy depending on pretest probabilities, plotted for primary
care provider refers scenario using median base case values. Iso-
bars are given in US dollars. The area within the upper rectangle
represents the range of literature-reported pretest probabilities for
chronic rhinosinusitis (CRS) and atypical facial pain/migraine/
headache disorder in primary care, whereas the lower rectangle
represents the values in tertiary care. [Color figure can be viewed
in the online issue, which is available at wileyonlinelibrary.com.]
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nontreatment scenarios, knowing that PCP behavior lies
somewhere in between the two extremes. Predicting pre-
scribing patterns is also difficult. However, this model has
adopted the lowest-cost commonly used first-line medica-
tions (a move that biases in favor of the null hypothesis),
suggesting that the savings associated with upfront CT are
underestimated from this perspective as well.

CONCLUSION
This study provides evidence that upfront CT is less

costly for the management of patients with CRS symp-
toms rather than having PCPs treating/referring for a
presumed diagnosis of CRS based on symptoms alone. In
2006, the US Centers for Disease Control and Preven-
tion recorded 8.8 million PCP visits for CRS in the
United States,26 a number that has been increasing with
each year. By recommending an upfront CT manage-
ment strategy for patients with chronic (>3 months
duration) symptoms of rhinosinusitis, the US health
care system can save >$3 billion each year.
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