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Acute Bacterial Sinusitis
Jay F. Piccirillo, M.D.
This Journal feature begins with a case vignette highlighting a common clinical problem.
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,
when they exist. The article ends with the author’s clinical recommendations.

A 43-year-old man has a two-week history of nasal congestion, postnasal drip, and fatigue. He has used an over-the-counter nasal decongestant and acetaminophen, without relief. During the past few days, facial pain and pressure have developed and have
not responded to decongestants. In addition, his nasal discharge has turned from
clear to yellow. How should he be treated?

the clinical problem
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Acute bacterial sinusitis is an infection of the paranasal sinuses with inflammation of
the nose. On the basis of national population surveys and insurance-reimbursement
claims, sinusitis is one of the most common health problems in the United States.1
Acute bacterial sinusitis most commonly develops as a complication of a viral infection of the upper respiratory tract. Approximately 0.5 to 2 percent of cases of viral rhinosinusitis develop into bacterial infections.2-4 Symptoms include nasal congestion, purulent nasal discharge, maxillary tooth discomfort, hyposmia or anosmia, cough, facial
pain or pressure that is made worse by bending forward, headache, fever, and malaise.
Physical findings include nasal turbinate edema, nasal crusts, purulence of the nasal
cavity and posterior pharynx, and failure of transillumination of the maxillary sinuses.5
Transillumination is performed in a completely darkened room by placing a flashlight against the skin overlying the infraorbital rim and directing the light inferiorly
(Fig. 1). The patient then opens his or her mouth, and the hard palate is examined. The
possible results are a palate that appears opaque or dull and a normal palate. However, the value of this procedure is limited; since it is not easy to perform, the clinician
cannot differentiate viral from bacterial sinusitis, and results vary depending on the
skill of the clinician.
A particularly challenging task is to distinguish viral from bacterial sinusitis. In
most patients, rhinoviral illness improves in 7 to 10 days6; therefore, a diagnosis of
acute bacterial sinusitis requires the persistence of symptoms for longer than 10 days
or a worsening of symptoms after 5 to 7 days. Symptoms of viral sinusitis, including fever, mimic those of bacterial sinusitis, although the color and quality of nasal discharge
— classically, clear and thin during viral sinusitis and yellow-green and thick during
bacterial sinusitis — may help to differentiate the two.
Studies over the past two decades have indicated that Streptococcus pneumoniae and
Haemophilus influenzae are the major bacterial pathogens in adults with sinusitis.7 Other
species (including b-hemolytic and a-hemolytic streptococci, Staphylococcus aureus, and
anaerobes) have also been cultured from adults with sinusitis but are much less frequent.8-11
Potential complications of bacterial sinusitis include local extension (e.g., osteitis
of the sinus bones, infection of the intracranial cavity, and orbital cellulitis) and the
spread of bacteria to the central nervous system (which can result in meningitis, brain
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Figure 2. Plain Radiograph of the Sinuses.
The right maxillary sinus shows mucosal thickening (arrow).

Figure 1. Transillumination of the Maxillary Sinus.
A light source is placed along the infraorbital rim,
and the hard palate is inspected.

abscess, or infection of the intracranial venous
sinuses, including the cavernous sinus). Today,
when antimicrobial treatment is routinely given,
these complications are exceedingly rare, with an
estimated frequency of 1 per 10,000 cases of sinusitis.12

strategies and evidence
diagnosis

The clinical diagnosis of acute bacterial sinusitis
is made primarily on the basis of the medical history, symptoms, and physical findings. The prevalence of acute bacterial sinusitis among adults presenting to a general medical clinic with symptoms
of sinusitis may be 50 percent13-16; among patients
presenting to otolaryngology practices, the prevalence can be as high as 80 percent.17
Acute sinusitis is defined radiologically by the
presence of complete sinus opacity, by the air–fluid
level, or by marked mucosal thickening (Fig. 2)18-21;
however, radiography cannot be used to differentiate viral from bacterial sinusitis.22 In a meta-analysis that compared the results of sinus radiography
with those of sinus puncture,23 radiography had
moderate sensitivity (76 percent) and specificity
(79 percent) for the identification of bacterial sinusitis.
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Several studies have suggested that symptoms
and signs are only moderately useful in the identification of patients who have sinusitis, as determined by the results of sinus aspiration after
puncture24,25 or by evidence of sinusitis on a sinus
radiograph.13,21 The sensitivity, specificity, and predictive values of common symptoms and signs are
shown in Table 1.
Images obtained by computed tomography (CT)
provide a detailed view of the paranasal sinuses
(Fig. 3), but this technique is not routinely indicated in the evaluation of uncomplicated sinusitis. Its
limitations include the lack of a correlation between
the location of sinus symptoms and CT findings,26
the fact that CT cannot be used to differentiate viral
from bacterial sinusitis,22 and the high frequency
of abnormal scans in asymptomatic persons.27,28
therapy

Symptomatic Therapy

There have been few rigorous studies of the effect
of over-the-counter treatments on the symptoms
of sinusitis. Available evidence29 suggests that the
effect of these treatments is minimal. The goal of
general treatment is to establish a more normal nasal environment through moisturization, humidification, and a reduction in the viscosity of mucus
and in local swelling. The use of topical decongestants for more than five days will lead to rebound
symptoms and should be avoided.
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Table 1. Various Signs and Symptoms Used to Predict the Presence of Sinusitis.
Method of Diagnosis
of Sinusitis and Measure
of Performance

Purulent
Nasal
Discharge

Pain on
Bending
Forward

Maxillary
Toothache

Symptoms
after Upper
Respiratory
Nasal
Pain with
Infection Obstruction Chewing

Bacterial sinusitis on the basis of sinus
puncture and aspiration24,25
Sensitivity (%)

35

75

66

89

60

—

Specificity (%)

78

77

49

79

22

—

Positive predictive value (%)

62

78

59

83

53

—

Negative predictive value (%)

78

73

56

87

15

—

61

—

18

70

—

17

Specificity (%)

71

—

93

53

—

86

Positive predictive value (%)

66

—

63

58

—

54

Negative predictive value (%)

66

—

64

54

—

53

Sinusitis on the basis of plain sinus
radiography13,21
Sensitivity (%)

Uncomplicated Sinusitis

Antibiotics are indicated for the treatment of acute
bacterial sinusitis. The goals of antibiotic therapy
are to decrease the severity and duration of symptoms and to preclude the development of complications. Studies of the effectiveness of antimicrobial therapy are often compromised by methodologic
limitations30 — for instance, the inclusion of patients with viral sinusitis, the lack of demonstration of bacteriologic cure by nasal-aspirate culture,
the high spontaneous-cure rate of acute sinusitis,
and inadequate follow-up to detect chronic sinusitis among patients with persistent symptoms. Since
the apparent success of antibiotics depends on the
percentage of enrolled patients who have bacterial
as opposed to viral sinusitis, the method of diagnostic assessment is important. Studies that use
less objective diagnostic criteria and enroll patients
who have had symptoms for seven days or fewer
will tend to show less benefit of antibiotics.31 In
the discussion that follows, the studies cited are
grouped according to the method of diagnosis and
the inclusion or absence of a placebo group.
Randomized, placebo-controlled trials32,33 that
have assessed the effects of antibiotic therapy
among patients with a clinical diagnosis of acute
sinusitis, without the use of objective criteria for
the diagnosis, have yielded conflicting results. Although one such study demonstrated the superiority of cyclacillin over placebo,32 another study33
showed no difference in outcomes between patients
who had been randomly assigned to receive doxy904
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cycline and those who had been assigned to placebo groups; the patients who received doxycycline
had a greater number of adverse events.
Several randomized trials that have compared
antibiotics with placebo among patients with radiographically confirmed sinusitis have also produced
variable results. In one study,14 which involved
214 patients who were randomly assigned to receive either amoxicillin or a placebo for seven days,
83 percent of the patients treated with amoxicillin
and 77 percent of those treated with the placebo
had greatly decreased symptoms after two weeks
(P=0.20). Side effects were reported more commonly in the group that received amoxicillin (28 percent
vs. 9 percent, P<0.01). In another study,34 which
was conducted in a primary care setting, 130 patients received penicillin, amoxicillin, or a placebo.
The median duration of illness reported by the patients in the three groups was 11, 9, and 17 days,
respectively (duration was significantly shorter in
each of the groups receiving antibiotics than in
the group receiving the placebo). By day 10, 86 percent of patients who received antibiotics considered themselves to be recovered or much better, as
compared with 57 percent of patients who received
the placebo (P<0.001). However, half of the patients
who received the placebo felt recovered or much
better after 10 days, and more than half of the patients who received antibiotics reported side effects.
A third study35 included 156 patients who were randomly assigned to receive nasal decongestants,
nasal decongestants plus irrigation, penicillin, or
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Figure 3. CT Scans of the Paranasal Sinuses.
Panel A shows normal sinuses. In Panel B, the air–fluid
level in the left maxillary sinus (arrow) suggests the presence of acute sinusitis.

lincomycin. At day 10, the rates of resolution or
improvement did not differ significantly among the
groups (72 percent, 80 percent, 83 percent, and
85 percent, respectively). No serious side effects
were noted in any of the groups.
In an analysis of a large pharmaceutical database,36 29,102 patients were identified with a billing diagnosis of acute sinusitis and a related prescription for an antimicrobial agent. Clinical success
was defined as the absence of an additional prescription for an antimicrobial agent within 28 days
after the initial prescription. The success rate was
n engl j med 351;9

90.1 percent for the patients who received older
antimicrobial agents (e.g., amoxicillin, trimethoprim–sulfamethoxazole, and erythromycin) and
90.8 percent for the patients who received newer
drugs (e.g., clarithromycin, azithromycin, and amoxicillin–clavulanate). Serious complications (such
as brain abscess and meningitis) occurred in one
patient in each group. The average pharmaceutical
charge was $18 for patients receiving older antimicrobial agents and $81 for those receiving newer
antimicrobial agents.
A Cochrane Review37 analyzed the results of
49 different antibiotic trials involving 13,660 participants. The methods — including whether sinus
puncture or radiography was used for diagnostic
confirmation — varied among studies. The comparisons included antibiotic with placebo, newer,
nonpenicillin antibiotics with simple penicillin,
nontetracycline antibiotics with tetracycline, amoxicillin–clavulanate with other broad-spectrum antibiotics, and miscellaneous others. The duration of
treatment was generally short, ranging from 3 to
15 days, with 39 of the 49 studies reporting treatment that lasted for 10 days or less. Among the 10
trials that compared newer, nonpenicillin antibiotics (e.g., cephalosporins, macrolides, and minocycline) with penicillin or related antibiotics (e.g.,
amoxicillin), the rates of cure or clinical improvement were not different (84 percent for each). Relapse rates did not differ between the groups, and
there was no trend toward reduced efficacy of amoxicillin over time as resistant bacteria became more
prevalent. Similarly, of the 16 trials that compared
newer, nonpenicillin antibiotics with amoxicillin–
clavulanate, the rates of cure or improvement and
the relapse rates were the same for both groups;
the number of patients who dropped out because
of adverse effects was significantly smaller in the
group receiving the newer, nonpenicillin antibiotic
(1.9 percent) than in the group receiving amoxicillin–clavulanate (4.4 percent).
A study published after the most recent Cochrane Review update compared 3- and 6-day regimens of azithromycin with a 10-day regimen of
amoxicillin–clavulanate.38 Self-reported cure or
improvement rates were similar in the three groups
at 28 days — 72 percent, 73 percent, and 71 percent,
respectively. However, treatment-related side effects were significantly more frequent in patients
who received amoxicillin–clavulanate (51 percent)
than in patients who received either the three-day
course of azithromycin (31 percent) or the five-day
course (38 percent).
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A cost-effectiveness analysis performed by the
Agency for Health Care Policy and Research39 underscores the benefit in many cases of waiting for
spontaneous resolution of symptoms before prescribing antibiotics. Four different treatment strategies were compared: the use of sinus radiography
and initiation of antibiotic therapy if there were
signs of sinusitis; the use of clinical criteria (including the presence of suggestive symptoms, such as
local pain over the maxillary sinuses, and the findings on physical examination, such as purulent rhinorrhea) to guide treatment; the initial treatment
of symptoms with the use of decongestants, nasal
saline, steam inhalation, and mild analgesics; and
the routine empirical use of antibiotics, either amoxicillin or trimethoprim–sulfamethoxazole. The authors emphasized that about two thirds of patients
with acute bacterial rhinosinusitis improve or are
cured without antibiotics. Treatment with any antibiotic, regardless of type, reduces the rate of clinical failure by about half. In terms of the duration of
symptoms, empirical treatment, treatment directed by radiography, and treatment guided by clinical
criteria were all about equal. With the usual prevalence of acute bacterial sinusitis in most primary
care settings (up to 38 percent), the evidence indicates that a strategy of either initial symptomatic
treatment or the use of clinical criteria to guide
treatment would be a cost-effective approach for
uncomplicated cases. The authors go on to suggest
that a 7-to-10-day course of watchful waiting before antibiotics are prescribed would be reasonable,
since symptoms in most patients resolve without
the use of antibiotics and serious complications are
rare. For the large number of patients with uncomplicated acute bacterial rhinosinusitis, a course of
inexpensive antibiotics is probably an adequate firstline treatment if antibiotics are to be given.
The antibiotics commonly prescribed for sinusitis and the dosage, duration of treatment, cost, and
contraindications associated with them are shown
in Table 2.
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cated sinusitis. A more aggressive approach includes the use of CT scanning to assess the extent
of disease and the use of antibiotics such as azithromycin, the fluoroquinolones (e.g., gatifloxacin,
levofloxacin, and moxifloxacin), ceftriaxone, or
amoxicillin–clavulanate. Such patients should be
reassessed for a response to therapy after 72 hours,
and the absence of a response should prompt a
change in therapy.
Patients with Allergic Rhinitis

Antihistamines are often recommended for patients with an underlying allergy.42 In a multicenter, randomized, double-blind, placebo-controlled study43 139 patients with chronic allergic
rhinitis (as defined by the results of skin tests, a
radioallergosorbent test, and medical history) were
followed. All of the patients had acute exacerbation of sinusitis and were already receiving amoxicillin and oral corticosteroids. As compared with
a placebo, loratadine significantly reduced rhinorrhea after 14 days and nasal obstruction after
28 days. Other symptoms, such as sneezing, nasal
itching, and cough, were similar in the two groups.
It remains uncertain whether topical nasal steroid sprays ameliorate symptoms in acute uncomplicated sinusitis. In one randomized, double-blind
study44 of patients with acute or chronic sinusitis,
most of whom had allergic rhinitis, the addition of
an intranasal flunisolide spray to oral antibiotic
therapy significantly reduced symptoms of turbinate swelling and obstruction and improved the
overall rating of the treatment response. However,
patients with acute and chronic sinusitis were not
analyzed separately. In another study of adults with
a history of recurrent sinusitis or chronic rhinitis
who had evidence of superimposed acute sinusitis,45 the addition of an intranasal corticosteroid to
antibiotic therapy significantly shortened the time
to resolution of symptoms (median, 6.0 vs. 9.5 days)
and increased the rate of complete resolution at
21 days (94 percent vs. 74 percent). In nonallergic
patients, there is no evidence that antihistamines,
Complicated or Severe Sinusitis
decongestants, or intranasal steroids are prophyThe results of the studies of antibiotics cited above lactic or therapeutic for acute sinusitis.
do not pertain to patients with clinically significant
coexisting illnesses or with more potentially seriareas of uncertainty
ous disease, such as frontal or sphenoidal sinusitis.
Patients with intense periorbital swelling, erythema, The true incidence of bacterial sinusitis after viral
and facial pain or with changes in mental status respiratory infection, the incidence of complicamay have complications, and they should be treat- tions after acute sinusitis, the factors that mediate
ed more aggressively than those with uncompli- a transition from acute to chronic sinusitis, and
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Table 2. Common Antimicrobial Agents for the Treatment of Sinusitis.
Antimicrobial Agent

Adult Dose

Duration

Cost*

days

$

Contraindications and Warnings†

Penicillins
Amoxicillin‡

500 mg every 8 hr
875 mg every 8 hr

7

8.61
19.74

Amoxicillin–clavulanic acid
(Augmentin)§

500 mg/125 mg every 8 hr

7

85.05

Previous history of cholestatic jaundice or hepatic dysfunction associated with treatment with amoxicillin–
clavulanic acid

Amoxicillin–clavulanic acid
(Augmentin XR)§

2000 mg/125 mg every 12 hr

10

55.00

Gastrointestinal upset

100 mg every 12 hr on day 1,
then 50 mg every 12 hr
thereafter

10

9.04

Photosensitivity; neutropenia

Erythromycin–sulfisoxazole

200 mg erythromycin ethylsuccinate and 600 mg
sulfisoxazole fixed dose
based on weight four
times per day

10

4.00

Gastrointestinal distress; prescribe with caution
for patients with arrhythmias; for concomitant
use with medications metabolized by P-450 enzymes; for patients with liver disease

Azithromycin (Zithromax)§

500 mg once per day

3

45.69

Prescribe with caution if liver function is impaired; serious allergic reactions such as angioedema and anaphylaxis may occur

Clarithromycin (Biaxin)§

500 mg every 12 hr

14

117.60

Prescribe with caution if liver or renal function is impaired; potential for significant drug interactions;
toxicity increases with concomitant administration
of other medications

12.20

Hypersensitivity to sulfonamides; megaloblastic anemia due to folate deficiency; pregnancy
In Stevens–Johnson syndrome, fatalities due to severe
adverse reactions may occur

Tetracycline
Doxycycline

Macrolides

Ketolides
Telithromycin (Ketek)¶

Every day

5

Folate inhibitors
Trimethoprim (160 mg)–
sulfamethoxazole
(800 mg)

One tablet every 12 hr

10
341

the effectiveness of the treatment of symptoms with
medications other than antibiotics are all unknown.
Since most therapeutic studies assign treatment
with antibiotics for 7 to 10 days, the data are limited for studies that use a shorter duration of such
treatment. More research is needed to understand
how the increasing rates of bacterial resistance may
affect the choice of antibiotics to be used for treatment. Also, the potential effect that the decreased
use of antibiotics for the treatment of uncomplicated bacterial sinusitis may have on the develop-
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ment of serious complications needs to be monitored and evaluated.

guidelines
The Clinical Practice Guidelines of the American
College of Physicians40,46 (www.annals.org/cgi/
content/full/134/6/495), which have been endorsed
by the Centers for Disease Control and Prevention,
the American Academy of Family Physicians, the
American College of Physicians–American Society
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Table 2. (Continued.)
Antimicrobial Agent

Adult Dose

Duration

Cost*

days

$

Contraindications and Warnings†

Cephalosporins
Cefpodoxime proxetil
(Vantin)§

200 mg every 12 hr

10

105.40

Adjust dose in cases of severe renal insufficiency

Cefprozil
(Cefzil)§

250 mg every 12 hr
500 mg every 12 hr

10
10

20.80
169.60

Adjust dose in cases of severe renal insufficiency

Cefuroxime axetil (generic)§

250 mg twice a day
500 mg twice a day

10
10

75.60
135.20

Adjust dose in cases of severe renal insufficiency

Cefdinir (Omnicef)§

300 mg twice a day

10

87.00

Adjust dose in cases of severe renal insufficiency

Loracarbef (Lorabid)§

400 mg every 12 hr

10

120.80

Ciprofloxacin
(Cipro)§

500 mg every 12 hr
500 mg every 12 hr

10
10

24.20
109.40

Gatifloxacin (Tequin)§

400 mg every day

10

91.50

Prolongation of QTc interval; hypokalemia; patients taking class IA or class III antiarrhythmic agents; significant potential for drug interaction

Levofloxacin (Levaquin)§

500 mg every day

10

99.50

Prolongation of QTc interval; hypokalemia; patients taking class IA or class III antiarrhythmic agents; significant potential for drug interaction

Moxifloxacin (Avelox)§

400 mg every day

10

93.80

Prolongation of QTc interval; hypokalemia; patients taking class IA or class III antiarrhythmic agents; significant potential for drug interaction

Fluoroquinolones
Concomitant use of theophylline

* The cost shown is the average cost of a unit of therapy in 2003, from Verispan’s Source Prescription Audit (www.verispan.com).
† General warnings also apply to all antibiotics: avoid prescribing antibiotics for patients with known sensitivity to an antibiotic or antibiotics in
the same class (i.e., cross-reactivity); prescribe with caution for pregnant women or nursing mothers; be aware of the potential for severe diarrhea due to pseudomembranous colitis (as caused by Clostridium difficile).
‡ On the basis of recommendations from the American College of Physicians,40 this agent is the usual first-line agent. Amoxicillin is the preferred drug for use during pregnancy; erythromycin is a good choice for pregnant patients who are allergic to penicillin; other macrolides
and cephalosporins are also acceptable choices.
§ This agent has been approved by the Food and Drug Administration (FDA) for the treatment of acute sinusitis.
¶ Approved for use in Europe, Latin America, and Japan. Awaiting final FDA approval for use in the United States.

of Internal Medicine, and the Infectious Diseases
Society of America, conclude that most cases of
acute sinusitis in ambulatory practice are caused by
uncomplicated viral infection, and they do not recommend sinus radiography or antibiotic treatment.
Instead, treatment of symptoms (e.g., with analgesics, antipyretics, and decongestants) and reassurance are recommended as the preferred initial strategy for management. For patients who have “severe
or persistent moderate” symptoms (these terms are
not defined in the guidelines but are generally considered sufficient to result potentially in lost workdays) and in whom there are specific findings of
bacterial sinusitis, amoxicillin, doxycycline, or tri-
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methoprim–sulfamethoxazole should be prescribed
as reasonable first-line therapy. The use of CT
should be reserved for patients who present with
dramatic symptoms of severe unilateral maxillary
pain, facial swelling, and fever or for patients who
have not responded to antibiotic therapy.

conclusions
and recommendations
Acute bacterial sinusitis is suspected in the presence of facial pain and pressure, purulent nasal
drainage, and symptoms lasting longer than seven
days that do not respond to over-the-counter nasal
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decongestants and acetaminophen. For the case
described in the vignette, on the basis of the persistence of the symptoms, I would recommend treatment with amoxicillin, 500 mg three times daily for
10 days, and the continued use of nasal saline and
decongestant therapy; the use of doxycycline or trimethoprim–sulfamethoxazole would also be a rea-

sonable first-line choice. I would not recommend
sinus radiography. If the patient’s symptoms did
not improve after 72 hours, I would switch to a different antibiotic, such as azithromycin, levofloxacin, or high-dose amoxicillin–clavulanate.
I am indebted to Dr. John W. Williams, Jr., and Jane Garbutt,
M.B., Ch.B., for their cogent input and to Dr. Yoshimi Anzai for supplying the radiology films.

references
1. Ray NF, Baraniuk JN, Thamer M, et al.

Healthcare expenditures for sinusitis in 1996:
contributions of asthma, rhinitis, and other
airway disorders. J Allergy Clin Immunol
1999;103:408-14.
2. Berg O, Carenfelt C, Rystedt G, Anggard
A. Occurrence of asymptomatic sinusitis in
common cold and other acute ENT-infections. Rhinology 1986;24:223-5.
3. Dingle JH, Badger GF, Jordan WS Jr. Illness in the home: a study of 25,000 illnesses
in a group of Cleveland families. Cleveland:
Case Western Reserve University Press, 1964:
347.
4. Gwaltney JM Jr. Acute communityacquired sinusitis. Clin Infect Dis 1996;23:
1209-23.
5. Williams JW Jr, Simel DL. Does this patient have sinusitis? Diagnosing acute sinusitis by history and physical examination.
JAMA 1993;270:1242-6.
6. Gwaltney JM Jr, Hendley JO, Simon G,
Jordan WS Jr. Rhinovirus infections in an industrial population. II. Characteristics of illness and antibody response. JAMA 1967;
202:494-500.
7. Gwaltney JM Jr, Sydnor AJ Jr, Sande MA.
Etiology and antimicrobial treatment of
acute sinusitis. Ann Otol Rhinol Laryngol
Suppl 1981;90:68-71.
8. Berg O, Carenfelt C, Kronvall G. Bacteriology of maxillary sinusitis in relation to character of inflammation and prior treatment.
Scand J Infect Dis 1988;20:511-6.
9. Jousimies-Somer HR, Savolainen S, Ylikoski JS. Bacteriological findings of acute
maxillary sinusitis in young adults. J Clin
Microbiol 1988;26:1919-25.
10. Gwaltney JM Jr, Scheld WM, Sande MA,
Sydnor A. The microbial etiology and antimicrobial therapy of adults with acute community-acquired sinusitis: a fifteen-year experience at the University of Virginia and
review of other selected studies. J Allergy Clin
Immunol 1992;90:457-61.
11. Benninger MS, Anon JB, Mabry RL. The
medical management of rhinosinusitis. Otolaryngol Head Neck Surg 1997;117:S41-S49.
12. Balk EM, Zucker DR, Engels EA, Wong
JB, Williams JW Jr, Lau J. Strategies for diagnosing and treating suspected acute bacterial sinusitis: a cost-effectiveness analysis.
J Gen Intern Med 2001;16:701-11.
13. Williams JW Jr, Simel DL, Roberts L,
Samsa GP. Clinical evaluation for sinusitis:
making the diagnosis by history and physi-

cal examination. Ann Intern Med 1992;117:
705-10.
14. van Buchem FL, Knottnerus JA,
Schrijnemaekers VJ, Peeters MF. Primarycare-based randomised placebo-controlled
trial of antibiotic treatment in acute maxillary sinusitis. Lancet 1997;349:683-7.
15. Laine K, Maatta T, Varonen H, Makela M.
Diagnosing acute maxillary sinusitis in primary care: a comparison of ultrasound, clinical examination and radiography. Rhinology 1998;36:2-6.
16. Varonen H, Savolainen S, Kunnamo I,
Heikkinen R, Revonta M. Acute rhinosinusitis in primary care: a comparison of symptoms, signs, ultrasound, and radiography.
Rhinology 2003;41:37-43.
17. Savolainen S, Pietola M, Kiukaanniemi
H, Lappalainen E, Salminen M, Mikkonen P.
An ultrasound device in the diagnosis of
acute maxillary sinusitis. Acta Otolaryngol
Suppl 1997;529:148-52.
18. Vuorinen P, Kauppila A, Pulkkinen K.
Comparison of results of roentgen examination and puncture and irrigation of the maxillary sinuses. J Laryngol Otol 1962;76:35964.
19. McNeil RA. Comparison of the findings
on transillumination, x-ray and lavage of
the maxillary sinus. J Laryngol Otol 1963;77:
1009-13.
20. Evans FO Jr, Sydnor JB, Moore WEC, et
al. Sinusitis of the maxillary antrum. N Engl
J Med 1975;293:735-9.
21. Axelsson A, Grebelius N, Chidekel N,
Jensen C. The correlation between the radiological examination and the irrigation findings in maxillary sinusitis. Acta Otolaryngol
1970;69:302-6.
22. Gwaltney JM Jr, Phillips CD, Miller RD,
Riker DK. Computed tomographic study of
the common cold. N Engl J Med 1994;330:
25-30.
23. Engels EA, Terrin N, Barza M, Lau J.
Meta-analysis of diagnostic tests for acute
sinusitis. J Clin Epidemiol 2000;53:852-62.
24. Berg O, Carenfelt C. Analysis of symptoms and clinical signs in the maxillary sinus empyema. Acta Otolaryngol 1988;105:
343-9.
25. Hansen JG, Schmidt H, Rosborg J, Lund
E. Predicting acute maxillary sinusitis in a
general practice population. BMJ 1995;311:
233-6.
26. Bhattacharyya T, Piccirillo JF, Wippold
FJ II. Relationship between patient-based

n engl j med 351;9

www.nejm.org

descriptions of sinusitis and paranasal sinus computed tomographic findings. Arch
Otolaryngol Head Neck Surg 1997;123:118992.
27. Havas TE, Motbey JA, Gullane PJ. Prevalence of incidental abnormalities on computed tomographic scans of the paranasal
sinuses. Arch Otolaryngol Head Neck Surg
1988;114:856-9.
28. Bolger WE, Butzin CA, Parsons DS. Paranasal sinus bony anatomic variations and
mucosal abnormalities: CT analysis for endoscopic sinus surgery. Laryngoscope 1991;
101:56-64.
29. Wiklund L, Stierna P, Berglund R,
Westrin KM, Tonnesson M. The efficacy of
oxymetazoline administered with a nasal
bellows container and combined with oral
phenoxymethyl-penicillin in the treatment
of acute maxillary sinusitis. Acta Otolaryngol Suppl 1994;515:57-64.
30. Gwaltney JM Jr, Wiesinger BA, Patrie JT.
Acute community-acquired bacterial sinusitis: the value of antimicrobial treatment and
the natural history. Clin Infect Dis 2004;38:
227-33.
31. Marchant CD, Carlin SA, Johnson CE,
Shurin PA. Measuring the comparative efficacy of antibacterial agents for acute otitis
media: the “Pollyanna phenomenon.” J Pediatr 1992;120:72-7.
32. Gananca M, Trabulsi LR. The therapeutic effects of cyclacillin in acute sinusitis: in
vitro and in vivo correlations in a placebocontrolled study. Curr Med Res Opin 1973;
1:362-8.
33. Stalman W, van Essen GA, van der
Graaf Y, de Melker RA. The end of antibiotic
treatment in adults with acute sinusitis-like
complaints in general practice? A placebocontrolled double-blind randomized doxycycline trial. Br J Gen Pract 1997;47:794-9.
34. Lindbaek M, Hjortdahl P, Johnsen UL.
Randomised, double blind, placebo controlled trial of penicillin V and amoxycillin in
treatment of acute sinus infections in adults.
BMJ 1996;313:325-9.
35. Axelsson A, Chidekel N, Grebelius N,
Jensen C. Treatment of acute maxillary sinusitis: a comparison of four different methods. Acta Otolaryngol 1970;70:71-6.
36. Piccirillo JF, Mager DE, Frisse ME, Brophy RH, Goggin A. Impact of first-line vs
second-line antibiotics for the treatment of
acute uncomplicated sinusitis. JAMA 2001;
286:1849-56.

august 26, 2004

Downloaded from www.nejm.org at ST MATTHEWS UNIV SCH MED on August 12, 2005 .
Copyright © 2004 Massachusetts Medical Society. All rights reserved.

909

clinical practice

37. Williams JW Jr, Aguilar C, Cornell J, et

al. Antibiotics for acute maxillary sinusitis. Cochrane Database Syst Rev 2003;2:
CD000243. (Also available at http://www.
cochrane.org/cochrane/revabstr/AB000243.
htm.)
38. Henry DC, Riffer E, Sokol WN, Chaudry
NI, Swanson RN. Randomized double-blind
study comparing 3- and 6-day regimens of
azithromycin with a 10-day amoxicillin-clavulanate regimen for treatment of acute bacterial sinusitis. Antimicrob Agents Chemother 2003;47:2770-4.
39. Diagnosis and treatment of acute bacterial rhinosinusitis: summary, evidence report/technology assessment. No. 9. Rockville, Md.: Agency for Health Care Policy
and Research, 1999. (AHCPR publication no.

99-E015.) (Accessed July 30, 2004, at http://
www.ahrq.gov/clinic/epcsums/sinussum.
htm.)
40. Snow V, Mottur-Pilson C, Hickner JM.
Principles of appropriate antibiotic use for
acute sinusitis in adults. Ann Intern Med
2001;134:495-7.
41. Williams JW Jr, Holeman DR Jr, Samsa
GP, Simel DL. Randomized controlled trial
of 3 vs 10 days of trimethoprim/sulfamethoxazole for acute maxillary sinusitis. JAMA
1995;273:1015-21.
42. Dohlman A. Role of antibiotic and nonantibiotic therapy in the treatment of sinusitis with an allergic basis. Clin Exp Allergy
1994;24:1094-7.
43. Braun JJ, Alabert JP, Michel FB, et al. Adjunct effect of loratadine in the treatment of

acute sinusitis in patients with allergic rhinitis. Allergy 1997;52:650-5.
44. Meltzer EO, Orgel HA, Backhaus JW, et
al. Intranasal flunisolide spray as an adjunct
to oral antibiotic therapy for sinusitis. J Allergy Clin Immunol 1993;92:812-23.
45. Dolor RJ, Witsell DL, Hellkamp AS, Williams JW Jr, Califf RM, Simel DL. Comparison
of cefuroxime with or without intranasal
fluticasone for the treatment of rhinosinusitis: the CAFFS Trial: a randomized controlled trial. JAMA 2001;286:3097-105.
46. Hickner JM, Bartlett JG, Besser RE, et al.
Principles of appropriate antibiotic use for
acute rhinosinusitis in adults: background.
Ann Intern Med 2001;134:498-505.
Copyright © 2004 Massachusetts Medical Society.

full text of all journal articles on the world wide web
Access to the complete text of the Journal on the Internet is free to all subscribers. To use this Web site, subscribers should go to
the Journal’s home page (www.nejm.org) and register by entering their names and subscriber numbers as they appear on their
mailing labels. After this one-time registration, subscribers can use their passwords to log on for electronic access to the entire
Journal from any computer that is connected to the Internet. Features include a library of all issues since January 1993 and
abstracts since January 1975, a full-text search capacity, and a personal archive for saving articles and search results of interest.
All articles can be printed in a format that is virtually identical to that of the typeset pages. Beginning six months after publication,
the full text of all Original Articles and Special Articles is available free to nonsubscribers who have completed a brief registration.

910

n engl j med 351;9

www.nejm.org

august 26 , 2004

Downloaded from www.nejm.org at ST MATTHEWS UNIV SCH MED on August 12, 2005 .
Copyright © 2004 Massachusetts Medical Society. All rights reserved.

