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Acute sinusitisis commonly encountered in clinical practice and treated in the primary care setting. The clinician should recog-
nize the subtle clinical presentation of acute bacterial sinusitis and initiate appropriate, aggressive treatment. Other upper respiratory
tract disorders can confound the accurate diagnosis and appropriate treatment of sinusitis. Variable patterns of microbial resistance
and antibiotic susceptibility and the dissociation between in vitro findings and clinical efficacy are atreatment challenge. Thisreport
is acomprehensive review of the pathophysiology and diagnosis of acute sinusitis, infectious agents, treatment methods, antibiotic
resistance patterns, and costs associated with the management of sinusitis. Treatment algorithms are presented for adult and pediatric

sinusitis.
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INTRODUCTION

Sinusitis is a common disorder that affects more
than 30 million individuals each year in the United
States.! About 90% of patients will visit their pri-
mary care physician for sinusitistreatment.2 It isim-
portant for primary care physiciansto be attentiveto
this condition because itsincidence appearsto be on
therise.?2 Prompt, effective therapy isrequired to re-
duce lost work time for adults and to permit children
toreturntoschool, allowing parentsto returntowork.3
Antimicrobial resistance patterns have changed to
createincreasingly complicated problems with anti-
microbial therapy.4

There are many pitfalls in accurately diagnosing
acute bacterial sinusitis, onebeing overlapswith oth-
er upper respiratory tract diagnoses (allergies, vira
infections, idiopathic rhinitis, fungal disease, neo-
plastic processes). The diagnosis of sinusitisis often
presumptive and treatment is empirical, which pre-
sentsfurther challengesto clinicians. The emergence
of resistance and variable antibiotic susceptibilities
of causative bacteria posesagreater challengeto an-
tibiotic selection. Because sinusitis significantly im-
pacts quality of life, clinicians should be aware of
thetrendsin diagnosis and treatment of the acute con-
dition.>

DEFINITION AND PATHOPHY SIOLOGY
Sinusitis encompasses a spectrum of acute and

chronic, neutrophilic and eosinophilic, nonallergic
and allergic inflammatory processes.® Bacterial si-
nusitisisan inflammeation of the paranasal sinus mu-
cosacaused by bacterial overgrowth inaclosed cav-
ity. Thisdisorder isalso called rhinosinusitis, because
the nasal epithelium is continuous with the mucosa
that lines the paranasal sinuses and the disease can
affect both sites.” Vira or alergic rhinitis typically
precedes sinusitis, and sinusitis without rhinitis is
rare.4#8 Many factors may predispose an individual
to sinusitis (Table 1). Recent evidence shows that
viral upper respiratory tract infections (URTIs) and
pharyngeal colonization with group A streptococci
predispose children to acute bacterial sinusitis.® It
may be appropriate to select antibioticsthat are also
effective against group A streptococci, because Strep-
tococcus pyogenes may be a concurrent infectionin
15% to 20% of children.?

The maxillary, frontal, ethmoid, and sphenoid si-
nuses all drain into the nasal cavity through the os-
tia, which are approximately 1 to 3 mm in diameter
(Fig 1). Obstruction of this narrow space may set up
an environment for bacterial pathogens to colonize.
Antibiotic use for acute obstruction is generally not
indicated; however, if the obstruction persists for 7
to 10 days, secondary bacterial infectionislikely. In
acute bacterial sinusitis, asingle bacterial speciesis
responsiblefor theinfection; however, multiple bac-
terial isolateswere culturedin 26% and 30% of cases
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TABLE 1. FACTORS PREDISPOSING TO SINUSITIS

Prior upper respiratory tract infection
Concurrent group A streptococcal infection
Allergic rhinitis

Environmental pollutants (smoke)

Dental infections or extractions

Hormonal changes

latrogenic factors (mechanical ventilation, nasogastric tubes,
nasal packing, dental procedures)

Anatomic variations (tonsillar and adenoid hypertrophy, devi-
ated septum, nasal polyps, cleft palate)

Swimming

Immunodeficiency

Secretory disturbances (cystic fibrosis)

Immotile cilia syndrome

Abnormal mucociliary clearance secondary to ciliary structural
abnormalities (Kartagener’s syndrome)

Bronchiectasis

Asthma or acetylsalicylic acid—asthma—polyposistriad
I mmature immune system

Adenoidal hypertrophy

in 2 studies, respectively.10

In addition to obstruction caused by inflammatory
edema of the mucosa, viral and bacterial inflamma-
tion also decreases mucaciliary activity, further com-
promising natural host defenses. Impaired ciliary
transport resultsin stagnation of secretions, decreased
pH, and lowered oxygen tension, providing a perfect
medium for bacterial multiplication.11

Sinusitis is classified on the basis of duration of
symptoms and anatomic location. Acute sinusitis
symptomslast aslong as 4 weeks.12 Subacute sinus-
itishasminimal to moderate symptomsthat are pres-
ent for 4 to 12 weeks. Chronic sinusitis persists for
more than 12 weeks and often has a pathophysiol-
ogy that differsfrom that of acute sinusitis.*2 Chronic
sinusitis represents an ongoing inflammation charac-
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Fig 1. Diagram of paranasal sinuses.
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terized by eosinophilia. Theinciting agents of chronic
sinusitis have been difficult to identify or prove.* Re-
peated damage of the mucosain this condition causes
loss of the normal state of sterility.10 Recurrent sinus-
itisis defined as 4 or more episodesin 1 year, each
episodelasting morethan 7 days, with complete reso-
lution between episodes.

The pathophysiology of sinusitisin children may
be dlightly different. Until recently, physicians as-
sumed that sinuses were absent in infants and young
children and often overlooked sinusitis in the pedi-
atric population.13 The ethmoid and maxillary sinuses
arepresent and clinically significant at birth; howev-
er, the other sinuses devel op more slowly. The sphe-
noid sinus develops between 3 and 7 years of age,
and the frontal sinuses develop by 12 years of age.
Thesinusescontinueto devel op during childhood and
adolescence. In addition, theimmune systemisim-
mature in children, making host reduction of bacte-
rial load moredifficult.8 Thereisalack of agreement
about theclinical definition of sinusitisin children.1>

EPIDEMIOLOGY, PREVALENCE, AND
ECONOMICS OF SINUSITIS

Each year, approximately 16% of adults in the
United Statesreceive diagnoses of sinusitis. Theinci-
denceof sinusitisishigher in the Midwest and South,
compared with the Northeastern and Western regions
of the United States.# Rates of sinusitisare higher in
thefall, winter, and spring months.16 A National Cen-
ter for Health Statistics annual survey estimated that
1in5Americans has symptoms related to sinus dis-
ease and nasal alergies but does not seek medical
attention.1” Because many individuals do not seek
medical help for thiscondition, the actual number of
individual s affected may be much higher. Thosewho
seek treatment account for an estimated 16 million
officevisits per year.618 More than $2 billion is spent
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Fig 2. Increasing trend in Streptococcus pneumoni ae peni-
cillin resistance. Resistance is defined as either interme-
diate resistance (minimal inhibitory concentration of
>0.12 pg/mL) or high resistance (minimal inhibitory con-
centration of =2 pg/mL).

annually for over-the-counter medicationsfor sinusi-
tis.18 The National Ambulatory Medical Care Sur-
vey found sinusitis to be the fifth leading diagnosis
for which providers prescribed an antibiotic.1®

Because nasal symptoms are some of the most
common complaints brought to primary care physi-
cians, patients need to beinformed that nonbacterial
causes are most often the basis for symptoms such
as rhinitis, nasal congestion, facial pressure, head-
aches, and postnasal discharge. Acute viral URTIS,
seasonal allergic rhinitis, perennial allergic rhinitis,
vasomotor rhinitis, and rhinitis medicamentosahave
symptoms that overlap with acute bacterial sinusitis
and are often a cause for misdiagnosis.” Physician
compliancewith patients’ expectation of an antibiot-
ic can result in indiscriminate antibiotic use. Studies
show that 18% to 60% of patientswith coldsare pre-
scribed antibiotics.20-22 A Canadian survey found that
approximately 50% of antibioticswere not indicated
on thebasisof evidence-based guidelines.23 Therea-
sons for overprescribing include physicians' educa-
tion and experience, patient expectations, and eco-
nomics.24 However, studies of overprescribing may
not have considered antibiotic use for prophylactic
therapy, severity of illness, follow-up arrangements,
or patient income variables.2>26

Viral rhinosinusitisisamore likely cause of nasal
symptomsthan any bacterial origin.2”-28 Viral rhino-
sinusitis occurs more often than bacterial sinusitis
and does not require antibiotic treatment.2° Although
alergic rhinitis may be a predisposing factor in bac-
terial rhinosinusitis, it has not been clearly shown to
cause bacterial rhinosinusitis in adults, and there is
only adlight correlation in children.

Rhinosinusitis in children is a multifactorial dis-
ease. Asthe child becomes ol der, several predispos-
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ing factors change.3° About 10% to 20% of children
actually have alergic rhinitis, which may be present
al year. Children 2 to 5 years of age average 6 to 8
URTIs per year.3132 Approximately 5% to 10% of
these URTIs may become complicated by acute bac-
terial sinusitis.33 Children in day-care centers have
morefrequent and longer-lasting respiratory tract in-
fections because of superinfection.3435Anatomic var-
iationsin children typically do not contribute to the
prevalence of pediatric sinusitis.3¢

PATHOGENS IN SINUSITIS

The causative organisms of acute bacterial sinus-
itis are similar to those of acute otitis media. They
include Streptococcus pneumoniae (30% to 40% of
clinical isolates), Haemophilus influenzae (20% to
30%), Moraxella catarrhalis (12% to 20%), and
Streptococcus pyogenes (up to 3%).37 Other patho-
gens, found lessfrequently, include other Sreptococ-
cus species, Saphylococcus aureus, Neisseria spe-
cies, and gram-positive and other gram-negative ba-
cilli. Fungi are most commonly observed inimmuno-
compromised and diabeticindividuals. Anaerobicin-
fections may occur in chronic sinusitis or with den-
tal disease.12

Clinical studiesin children with sinusitisarerare,
because of the difficulties in diagnosing sinusitisin
thisage group. Inthefew pediatric studies published,
the pathogens cultured from children with acute si-
nusitis and subacute sinusitis are similar to those of
adults.3.10 The predominant pathogensisolated from
pediatric patients with chronic sinusitis are S pneu-
moniae, M catarrhalis, H influenzae, and anaer-
obesl38-4l

ANTIBIOTIC RESISTANCE

The incidence of the bacterial species causing si-
nusitis has not changed in more than 4 decades; how-
ever, antimicrobial susceptibilities have changed
within the past 2 decades.1? Before 1980, more than
99% of pneumococcal strains were susceptible to
penicillin. Recently, the prevalence of penicillin-re-
sistant pneumococci has increased dramatically
worldwide and showsanearly twofold regiona vari-
ation within the United States, approaching 33% to
58% of clinical isolates.4243 Data from US nation-
al surveillance studies showed a 4% resistance rate

in the 1980s, which increased to 37% in 1997 (Fig
2).44-50

At least one third of H influenzae isolates and the
majority of M catarrhalis isolates are (3-lactamase—
producing. Before 1972, H influenzae was almost uni-
formly susceptibleto ampicillin. Sincethen, B-lacta-
mase—producing strainsresistant to ampicillin repre-
sent 30%t040% of isolates.>! Moraxella catarrhalis
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Fig 3. Prevalence of intermediately and highly resistant
strains of Sreptococcus pneumoniaein United States by
region, September 1998 to February 1999.

was once uniformly susceptible to all agents, but is
now commonly resistant. Wallace et al>2 reported a
high rate of M catarrhalis resistance (>75%) due to
the production of (3-lactamase.52 Doern et al53 and
Thornsberry et a0 reported similar high rates of B-
lactamase production in isolates of M catarrhalis:
95.3% and 92.7%, respectively.

The overuse of antibiotics, inappropriate dosing,
and the use of broad-spectrum antibiotics as first-
linetreatment have contributed to therising incidence
of drug-resistant strains of bacteria. Resistance will
continue to emerge and make our first-line agents
less useful. Some penicillin-resistant strains display
multidrug resistance to trimethoprim-sulfamethoxa-
zole (TMP-SMX), macrolides, and some cephal ospo-
rins.

It is difficult to predict emerging resistance pat-
terns. Antibiotic use in children is possibly a factor
in emerging resistance, especially in day-care set-
tings.>* Several studieshave shown that there are sub-
stantial rates of multidrug-resistant pneumococci
among children in day-care settings.>>-58 Currently,
it isestimated that greater than 50% of pneumococ-
cal isolatesfrom childreninrural and urban day-care
settings are resistant to penicillin.>®

It is important for physicians to know the resis-
tance patternsin their specific community. Four per-
cent to 48% of Spneumoniae isolates areresistant to
penicillin, depending on geographical area.>® Geo-
graphical resistance patterns of Spneumoniae, H in-

fluenzae, and M catarrhalis, the 3 most common up-
per respiratory tract pathogens (atotal of 4,979 clini-
cal isolates), were studied in 52 independent and hos-
pital laboratories across the United States from Sep-
tember 1998 to February 1999.60 The standards and
guidelines of the National Committee for Clinical
Laboratory Standards (NCCLS) were used for test
methods. The United States was divided into 6 re-
gions(Fig 3). Approximately onefourth of the Spneu-
moniae isolates tested against penicillin were resis-
tant. In the Northeast and in the West, penicillin re-
sistance rates were significantly lower. The rates of
erythromycin resistance were similar to the rates of
penicillin resistance. Although high resistance rates
were noted across the country, significantly higher
rates were noted in the Southeast. Thirty-one per-
cent of H influenzae isolates produced (3-lactamase.
Ten strains were [3-lactamase—negative and showed
intermediate resistance to ampicillin. Haemophilus
influenzae showed consistently high resistance rates
to ampicillin across all regions and showed lower
resistance rates to TMP-SM X, except in the South-
east. The resistance rates and positive 3-lactamase
production were consistent and alarmingly high
across al regions, reaching 87% to 96% for M ca-
tarrhalis.

Thereisadirect correlation between [-lactamase
production and the prior use of B-lactam antibiot-
ics.61 B-lactamase—producing bacteria and penicil -
lin-resistant S pneumoniae appear to be more preva-
lent in the winter months than in the summer and
fall months. In a study of patients from a suburban
area in Washington, DC, the percentage of patients
with oropharyngeal colonization with -lactamase—
producing organisms gradually increased from Sep-
tember to April and slowly decreased from April to
August.61

Brook and others2-64 have shown that the admin-
istration of some 3-lactam antibiotics select 3-lacta-
mase—producing organisms in the respiratory tract.
These organisms can spread within a family setting
to other household members.53 Prophylactic use of
amoxicillin also selects penicillin-resistant orga-
nisms.61

INTERFERENCE PHENOMENON

Theuseof wide-spectrum antimicrobial agentsmay
alter the normal upper respiratory tract flora. The use
of such antibiotics may contribute to persistence of
infection by inhibiting the nonpathogenic organisms
in the upper respiratory tract that generally interfere
with the growth of potential pathogens.6566 A com-
parativetria evaluated the effect of amoxicillin-clav-
ulanate and cefprozil on the nasopharyngeal bacte-
rial florain children treated for acute otitis media.
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Both agentswere equally effectivein eradicating the
pathogenic organisms S pneumoniae, H influenzae,
and M catarrhalis. Therapy with amoxicillin-clavu-
lanate resulted in a significant decrease in the num-
ber of interfering, nonpathogenic bacteria, and cefpro-
zil had only aminimal effect.5” The nonpathogenic
bacteria included a-hemolytic streptococci, Prevo-
tella melaninogenica, and Peptostreptococcus an-
aerobius. The number of theseinterfering organisms
was reduced at the end of therapy, from 50 to 11 af-
ter amoxicillin-clavulanate therapy, and from 50 to
42 after cefprozil therapy (p < .001). However, long-
term follow-up was not performed in this study.

Theseinterfering organismsarerelatively resistant
to second- and third-generation cephal osporins, but
are susceptible to amoxicillin-clavulanate. The im-
pact of antibioticson normal florathat possessinter-
fering capability toward pathogens needsfurther eval-
uation.

[3-Lactamase—producing bacteriain therespiratory
tract protect or shield penicillin-susceptible patho-
gens from inhibition by penicillin or amoxicillin.68
[B-Lactamase activity was detected in 12 sinus aspi-
rates that harbored 3-lactamase—producing bacteria
in patients in whom antimicrobial therapy failed.59

DIAGNOSIS

Intranasal cultures are not indicative of the bacte-
rial origin of acute sinusitis. The diagnosis of acute
sinusitis is often difficult and is based on a careful,
thorough history and physical examination. Although
sinus aspiration and cultureisthe* gold standard” of
diagnosis, the procedure is painful and may lead to
iatrogenicinfection. The majority of patientswhovis-
it aprimary care physician for respiratory symptoms
arelikely to have aviral rather than abacterial cause
of sinusitis.’0.71

Differentiating viral rhinosinusitis from bacterial
sinusitisisoften difficult, becauseviral rhinosinusitis
often precedes bacterial sinusitis. In general, symp-
toms of bacterial sinusitis worsen after 5 days, per-
sist for at least 10 days, and are more severe than
those of viral disease.”2 About 0.5% of URTIs pro-
gressto sinusitis.”374 However, viral symptomsthat
persist for more than 7 days often establish an envi-
ronment suitable for the development of bacterial in-
fections and may predispose the patient to bacterial
sinusitis.

Theoverall clinical impression isamore accurate
diagnostic predictor of sinusitisthan any single diag-
nostic predictor.”>76 According to the Task Force on
Rhinosinusitis of the American Academy of Otolar-
yngology—Head and Neck Surgery, diagnosisof acute
sinusitis depends on the presence of at least 2 major
diagnostic factors or 1 major factor and 2 minor fac-

TABLE 2. DIAGNOSTIC FACTORS PREDICTIVE OF
SINUSITIS

Major factors
Facial pain or pressure (requires another major factor for
diagnosis)
Facial congestion or fullness
Nasal obstruction
Nasal purulence or discolored postnasal discharge
Hyposmia or anosmia
Fever (acute sinusitis only)
Minor factors
Headache
Halitosis
Fatigue
Dental pain
Cough
Ear pain, pressure, or fullness
Fever (nonacute sinusitis)
Based on data from Lanza and Kennedy.”2

tors (Table 2).72 The number of diagnostic factors
correlates with the likelihood that a bacteria infec-
tion is present.

A retrospective analysis found that family prac-
ticephysiciansrelied on only 4 factors (sinustender-
ness, facial pressure, postnasal drainage, and discol-
ored postnasal drainage) to differentiate sinusitisfrom
URTIs.”” However, no particular sign or symptomis
sensitive and specific for sinusitis.”> 78

Relying on poor clinical predictors (ie, imprecise
signs and symptoms) has significant implicationsfor
antibiotic use. Physicians need to evaluate and con-
sider multiple diagnostic factors in sinusitis. Lind-
baek et al” found the 4 symptoms and signs asso-
ciated with acomputed tomography (CT)—confirmed
diagnosis of acute sinusitis to be 1) 2 phasesin the
illnesshistory, 2) purulent rhinorrhea, 3) purulent se-
cretionsinthe cavum nasi, and 4) an erythrocyte sedi-
mentation rate greater than 10 mm. If 3 of these 4
signs and symptoms were present, the diagnosis had
a specificity of 81% and a sensitivity of 66%. Al-
though this sensitivity is higher than that of any in-
dividual clinical finding, the specificity islower than
that of maxillary edema (99%) or temperature great-
er than 38°C (89%).

Other complaints that may increase the probabil -
ity of correctly diagnosing sinusitisinclude a recent
prolonged URT], alack of responseto decongestants,
nasal airway obstruction, facial painandpressure, sore
throat, decreased sense of smell, and edema of the
eydlidor chemosis.& Inadults, purulent postnasal dis-
charge and facial pain over the affected sinus that
worsens with movement or percussion are cardinal
symptoms.8! Visualization of purulent nasal drain-
age on examination may beastrong indicator of acute
sinusitis.”® However, purulence does not differenti-
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TABLE 3. VALUE OF SPECIFIC HISTORY, EXAMINATION, AND LABORATORY TEST PARAMETERS IN
INITIAL DIAGNOSIS OF ACUTE SINUSITIS

Parameter

Importance

Patient history
“Cold” present for more than 7 to 10 days

Unusually severe upper respiratory tract complaints

Fever
Mucopurulent discharge (>7 days)
Pain in upper teeth

Lack of response to over-the-counter decongestants

Dull headache
Clinical assessments

Unilateral or bilateral tenderness in midface region

Inspection of nasal mucosa
Facial tenderness
Intranasal pus
Purulent postnasal mucus in pharynx
Transillumination
Diagnostic tests
Radiographs (Waters' view)
Radiographs (3 views)
Sinus aspiration, when indicated
Computed tomography T
Anterior rhinoscopy
Ultrasound
M agnetic resonance imaging
Fiberoptic nasal endoscopy
Nasal mucus smear
Immunologic screen
Cultures from sinus puncture (when indicated)
Erythrocyte sedimentation rate

Significantly important
Significantly important
Significantly important
Significantly important
Significantly important
Significantly important
Variable importance*

Significantly important
Significantly important
Significantly important
Significantly important
Significantly important
Not significantly important

Variable importance*

Not significantly important
Significantly important
Not significantly important
Significantly important
Not significantly important
Not significantly important
Variable importance*

Not significantly important
Not significantly important
Significantly important
Not significantly important

*|mportant only in context of other signs, symptoms, and patient history in whole picture of clinical assessment.

tChronic infection or complications pending.

ate between aviral origin and a bacterial origin.

Anterior rhinoscopy is very important and can be
performed with a nasal speculum or otoscope. The
use of atopical decongestant before the examina-
tion may improve the field of view. The examina-
tion should include viewing the turbinates and sep-
tum, evaluating the quality of the mucus, and deter-
mining the presence of polyps and bleeding.

Symptomsin children are different from those in
adults and are difficult to distinguish from those of
thecommon cold or vasomotor rhinitis. They aremore
nonspecific and may include rhinorrhea, nasal con-
gestion or obstruction, fever, purulent anterior or pos-
terior nasal discharge, snoring, mouth breathing, feed-
ing problems, bad breath, cough, and hyponasal
speech.1315 The most common complaints are cough
and nasal discharge. The classic signsand symptoms
found in adults (eg, facia pain and headache) are
rare.82 Pediatric acute sinusitis must be differenti-
ated from allergic rhinitis, which is characterized by
continuousstuffiness, sneezing, itchy eyes, and afam-
ily history of atopy. Adenoidal hypertrophy or a se-
verely deviated nasal septum may also contribute to

symptoms. The presence of aforeign body, asthma,
or neoplasm must be ruled out.13

Further diagnostic testing and imaging should be
performed for atypical cases and treatment failures.
No imaging studies are recommended for the rou-
tine diagnosis of uncomplicated sinusitis presented
to the primary care physician.83 Thediagnostic value
of sinusradiographsislimited by poor sensitivity and
specificity. Radiologic evidence of sinusitis is fre-
quently foundin patientswithviral rhinitis.8* The Wa-
ters view may offer the smplest demonstration of
fluid accumulation in the maxillary sinus. Although
the presence of opacification or air-fluid levelsinthe
sinusesisfairly predictive of bacterial infection, itis
seen in only 60% of patients with acute sinusitis.8>
If mucosal thickening isincluded as an indication of
sinusitis, the specificity can be aslow as 36%0.86

Researchers conclude that transillumination has
limited diagnostic use and dependson theclinician's
skill level.”> As a single finding, transillumination
cannot be relied on to confirm or rule out the diag-
nosis.87 Ultrasound also haslimited diagnostic value.

A CT scan should be reserved for patientswho re-



8 Brook et al, Medical Management of Acute Bacterial Snusitis

TABLE 4. RISK FACTORS PROMPTING USE OF
SECOND-LINEAGENT
Antibiotic use in past month
Resistance common in community
Failure of first-line agent
Infection in spite of prophylactic treatment
Smoker in family
Child in day-care facility
Younger than 2 years of age
Patient history
Allergy to penicillin or amoxicillin
Frontal or sphenoidal sinusitis
Complicated ethmoidal sinusitis
Presentation with protracted (>30 days) symptoms

spond inadequately to medical therapy, have numer-
ous bacterial infections throughout the year, or have
ahistory of polyposis. Most patientswith aviral URTI
who undergo a CT scan will demonstrate evidence
of sinusitis, and therefore, the value of CT scanning
in diagnosisis questionable. However, CT scanning
isuseful inidentifying the underlying cause of chron-
ic infection and in identifying the sinuses involved
and any complicationsthat may exist. The CT scans
should be performed in acoronal view, and alimited
series is usually adequate. Contrast enhancement is
not recommended unless there is a central nervous
system complication. Table 3 presents the value of
specific history, examination, and |aboratory test pa-
rametersin theinitial diagnosis of acute sinusitis.

ANTIMICROBIAL THERAPY

Although 40% of sinusitis patients will recover
spontaneously, antibiotics are indicated in the treat-
ment of correctly diagnosed acute sinusitis.437:51
Hueston et al’7 noted that 3 of 4 randomized trials
support the use of antibioticsin treating acute sinus-
itis. Sinusitisistreated empirically because of thein-
vasive nature of culturing the paranasal sinuses. Com-
parative trials have shown minimal evidence of the
superiority of oneantibacterial agent over another.16:88
Effective antibiotic therapy often produces a more
rapid resolution of symptoms.”:89

The goal of treatment is to arrest the acute infec-
tion beforeit progressesand to prevent serious seque-
lae (eg, facial osteomyelitis, cavernous sinusthrom-
bosis, meningitis, orbital cellulitisor abscess, or brain
abscess).90.91 Most importantly, appropriate use of
antibiotics may decrease the rate of complications,
aswell as prevent the progression of acute sinusitis
to chronic sinusitis through a more rapid reduction
of tissue edema and bacterial contamination and the
reestablishment of drainage and ventilation of thesi-
nus cavity. Treatment is thought to prevent perma-
nent mucosal damage.g0 Clayman et al®2 found the

rate of intracranial complications from acute sinus-
itisto be 3.7% in adults. Lerner et al% found asimi-
lar incidence (3.0%) in children. Despite adequate
antibiotic treatment, the mortality rate (30%) and the
morbidity rate (60%) from cavernous sinus throm-
bosisremain highin adultsand dightly better in chil-
dren.%4

Treatment of bacterial sinusitisusually beginswith
an inexpensive first-line agent (eg, amoxicillin or
TMP-SMX). A recent analysis of in vitro data sug-
gests that current doses of amoxicillin may not be
adeqguate for eradication of intermediately and fully
resistant S pneumoniae. It is recommended that the
amoxicillin dose be doubled (up to 80 to 90 mg/kg
per day; maximum of 3 g/d), especially in areasin
which resistance to Spneumoniaeis high. The clini-
cal benefit of using higher doses of amoxicillin still
needsto be evaluatedin clinical trials.% In many geo-
graphicareas, theresi stance of Spneumoniaeto TMP-
SMX is higher than that to penicillin. Resistance of
H influenzaeto TMP-SM X hasincreased significant-
ly inrecent years.% Second-line agents should be used
when resistant pathogens are suspected. Table 4 lists
therisk factors.

Choosing asecond-line antibiotic depends on prov-
en clinical efficacy, resistance patterns, dosing sched-
ules, theadverseeventsprofile, the potential for com-
pliance, knowledge of patient allergies, the previous
response history, the physician’s experience with
agents, and the cost-benefit ratio. Antibiotic choice
based on pharmacokinetic properties alone may be
misguided. Although the minimal inhibitory concen-
tration (M1C) and minimal bactericidal concentration
(MBC) have been the gold standards for measuring
drug activity, they provide only partial information.
The MIC and MBC are useful predictors of drug-
organism interaction in a static system, but they do
not provideinformation on the time course of micro-
bial exposure to an antibiotic.9” For B-lactam antibi-
otics, vancomycin, clindamycin, and the macrolides,
activity dependson the time of exposure to thedrug,
at low multiples of the MIC, rather than peak drug
concentration. In sinusitis treatment with p-lactam
antibiotics(amoxicillin and cephal osporins), time of
exposureiscritical. In animal infection models, time
above MIC has been the only pharmacodynamic pa-
rameter to correlate with the clinical efficacy of (-
lactam antibiotics.%” A nationwide surveillance study
evaluating 4,489 clinical isolates of S pneumoniae
for their susceptibility to various antimicrobial agents
determined that penicillin susceptibility had asignifi-
cant impact on time above MIC.%8 Plasma levels of
cefprozil, cefaclor, cefixime, cefpodoxime proxetil,
and cefuroxime axetil exceeded the geometric mean
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TABLE 5. ANTIBIOTICS USED FOR SINUSITISAND LIKELIHOOD OF EFFECTIVENESSACCORDING TO

PHARMACODYNAMIC AND PHARMACOKINETIC PARAMETERS

Streptococcus Haemophilus
pneumoniae influenzae Moraxella
Antibiotic Adult Dosage S | R BL- BL+ catarrhalis
First line
Amoxicillin (Amoxil, Trimox, Wymox) 250-500 mg tid +++ - ++ - -
TMP-SMX (Bactrim, Septra) 160 mg/800 mg bid ++ - - ++ + +
Second line
B-Lactams
Cefpodoxime proxetil (Vantin) 200-400 mg bid +++ + - ++ ++ +++
Cefprozil (Cefzil) 250-500 mg bid +++  ++ - ++ ++ +++
Cefuroxime axetil (Ceftin) 250-500 mg bid +++ - ++ ++ +++
Cefdinir (Omnicef) 300 mg bid +++ o+ - +++ +++ +++
Amoxicillin-clavulanate (Augmentin) 250-500 mg tid* +++ o+ - +++ +++ +++
500-875 mg/kg bid*
Third line
Macrolide
Azithromycin (Zithromax) 250 mg qd +++ o+ - ++ + ++
Clarithromycin (Biaxin) 500 mg bid +++ % - ++ + +
Fluoroquinolone
Ciprofloxacin (Cipro) 500-700 mg bid ++ + - +++ +++ +++
Levofloxacin (Levaquin) 500 mg qd A +++ +++
Gatifloxacin (Tequin) 400 mg qd e +++ +++
Moxifloxacin (Avelox) 400 mg qd +++  +++ -+ +++ +++
Other
Clindamycin (Cleocin) 150-450 mg tid or gid ~ +++ ++ 4+ - - -
S— penicillin-sensitive, | — intermediate resistance to penicillin, R— penicillin-resistant, BL- — (3-lactamase-negative, BL+ — (3-lactamase—
positive, tid — 3 times daily, bid — twice daily, gqd — once daily, gid — 4 times daily, +++ — excellent coverage, ++ — good coverage, + —
fair coverage, £+ — minimal coverage or efficacy, — — no significant activity, TMP-SM X — trimethoprim-sulfamethoxazol e.

*Based on amoxicillin component.

MIC for penicillin-susceptible S pneumoniae during
40% of the dosing interval. However, with interme-
diately penicillin-resistant strains, only cefprozil, cef-
uroxime axetil, and cefpodoxime proxetil achieved
similar concentrationsfor asimilar duration— afind-
ing that suggeststhat these 3 cephal osporins provide
the most reliable pharmacodynamic profiles against
penicillin-susceptible and intermediately penicillin-
resistant strains.

Other factors to consider include the rate of bac-
tericidal activity, enhancement by increasing drug
concentration, and persistent effects, which include
postantibiotic effects, postantibiotic sub-MIC effects,
and postantibiotic leukocyte enhancement. In vitro
measurementsmay be significantly different fromthe
in vivo response. Focusing only on laboratory phar-
macokinetic data discounts the synergistic effect af-
forded by theactionsof host defense mechanismsand
bacterial 1oad reduction by the antibiotic.

Table 5 illustrates the antibiotics used in the em-
piric treatment of acute sinusitis and their effective-
ness against Spneumoniae, H influenzae, and M ca-
tarrhalis. Penicillin, erythromycin, cephalexin, tetra-
cycline, and cefiximeare not generally recommended

for the treatment of sinusitis, because of the inade-
quacy of their spectrum of activity.

Although the cephalosporins offer broad cover-
agein treating sinusitis, they have varying activities
and must be evaluated on an individual basis. The
first-generation agents have poor H influenzae cov-
erage. Cefaclor, a second-generation agent, has bet-
ter coverage, but resistancein H influenzae, M catar-
rhalis, and S pneumoniae is a growing problem. In
addition, 3-times-daily dosingisoften required, which
can affect compliance, and there is a risk of serum
sickness-ike reactions with cefaclor.?9 Cefadroxil
has poor activity against certain gram-negative bac-
teriaand S pneumoniae. The use of antibiotics with
suboptimal activity has the potentia to hasten the
emergence of resistant bacteriaand ishighly discour-
aged.4

Severa second- and third-generation cephal ospor-
insthat have excellent activity against all major path-
ogensinclude cefprozil, cefuroxime axetil, and cefpo-
doxime proxetil. All are effectivein twice-daily dos-
age and provide adequate coverage of [3-lactamase—
producing organisms. These 3 cephalosporins are
listed in Tables 5 and 6 because they maintain rela-
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TABLE 6. FEATURES OF ANTIBIOTICS TO CONSIDER IN SELECTION OF ANTIMICROBIAL AGENTS FOR
ACUTE SINUSITIS
Antibiotic Advantages Disadvantages
Amoxicillin Inexpensive Not effective against -lactamase—producing

Amoxicillin-clavulanate

Trimethoprim-sulfamethoxazole

Cefuroxime axetil

Cefdinir

Cefpodoxime proxetil

Cefprozil

Azithromycin

Clarithromycin

Ciprofloxacin

Levofloxacin

Moxifloxacin

Gatifloxacin

Clindamycin

Good tolerance
Extensive clinical experience

Effective against 3-lactamase—producing
organisms

Twice-daily dosing

Active against aerobic and anaerobic respi-
ratory pathogens

Used for penicillin-allergic patients
Some activity against H influenzae
Twice-daily dosing

Inexpensive

Particularly effective against gram-nega-
tive organisms

Good spectrum of activity
Twice-daily dosing

Good spectrum of activity
Once-daily dosing

Spectrum of activity
Twice-daily dosing

Good spectrum of activity
Twice-daily dosing
Good-tasting oral suspension
Low incidence of side effects

Once-daily dosing

Alternative for penicillin-sensitive patients
Long half-life allows shortened course of
therapy

Twice-daily dosing

Alternative for penicillin-sensitive patients
Fewer gastrointestinal adverse effects com-
pared to erythromycin

Broad coverage of gram-negative and atyp-
ical organisms

Once-daily dosing

Broad coverage of gram-negative, gram-
positive, penicillin-resistant S pneumoniae,
and atypical organisms

Once-daily dosing

Improved gram-positive coverage over older
quinolones, especially against S pneumoniae
and atypical organisms

Once-daily dosing

Improved gram-positive coverage over older
quinolones, especially against S pneumoniae
and atypical organisms

Good activity against penicillin-resistant
S pneumoniae and anaerobic bacteria

organisms
Possible activity against normal flora

Higher rate of cramping and diarrhea

No added benefit over amoxicillin alone when
treating infections caused by penicillin-resis-
tant strains of Spneumoniae

Possible activity against normal flora

Resistance by group A Streptococcus
Variably effective against H influenzae and S
pneumoniae

Can cause blood dyscrasias, sulfa hypersensi-
tivity, and rashes

Can cause diarrhea and nausea
Suspension formulation has bitter taste
High relative rate of C difficile
Expensive

Activity against penicillin-intermediate and
penicillin-resistant strains of Spneumoniae
not well studied

Higher rate of diarrhea

Higher rate of C difficile

Higher rate of diarrhea, nausea, vomiting,
abdominal pain

Metallic aftertaste

Not as high in vitro activity against B-lacta-
mase—producing strains of H influenzae

30%-60% of S pneumoniae and H influenzae
strains resistant or not eradicated

Interacts with theophylline, terfenadine, and
astemizole

Marginal activity against H influenzae
Metallic aftertaste

Marginal activity against S pneumoniae
Higher rates of diarrhea, nausea, headache
Safety not established in children younger
than 18 years of age

Poor gram-positive coverage

Broad spectrum of activity
Not indicated in children

Broad spectrum of activity
Not indicated in children

Broad spectrum of activity
Not indicated in patients younger than 18 years
of age

Higher rate of diarrhea, gastrointestinal upset
Can increaserisk of C difficile infection

Not active against gram-negative aerobic
bacteria
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TABLE 7. FREQUENCY OF POSITIVE TESTS FOR
CLOSTRIDIUM DIFFICILE DIARRHEA

No. of Positive
Risk Test

Antibiotic Periods* No. %
Amoxicillin 39 7 179
Cefixime 9 5 556
Cefaclor 4
Cefuroxime 22 9 409
Cefprozil 8
Cephalexin 16 9 563
Ciprofloxacin 15 1 6.7
Clarithromycin 2
Amoxicillin-clavulanate 25 9 360
Clindamycin 1
Erythromycin-sulfisoxazole 2
Trimethoprim-sulfamethoxazole 20 2 100

*Risk periods for which Clostridium difficile tests were performed.
Datafrom Levy et al.101

tively highlevelsof activity against intermediate-lev-
el resistant pneumococci.}? Cefpodoxime proxetil has
good activity against H influenzaeand M catarrhalis;
however, its metalic aftertaste can compromise pa-
tient compliance. Cefixime, loracarbef, and ceftibu-
ten are not included on Tables 5 and 6 because of
their reduced activity against S pneumoniae, which
may compromise clinical efficacy.1%0 However, ce-
fixime and ceftibuten can be combined with another
agent (ie, clindamycin) to cover Spneumoniae.

Therisk of Clostridiumdifficile diarrheaisanother
consideration in patients being treated with prolonged
courses of antibiotic therapy. Althoughitiscommon-
ly described in association with substantial morbid-
ity in hospitalized patients, it can occur in the am-
bulatory care setting. Therisk of C difficile diarrhea
was recently evaluated in a retrospective longitudi-
nal study of 4 large managed-care health plans.101
The analysisidentified patients with aclaim indica-
tor for aC difficiletoxin test. A singleantibiotic group
wasidentified in 217 enrolleesinthe analysis (Table
7101), Cephalexin and cefixime had the highest fre-
guencies of positive C difficile tests, which were
56.3% and 55.6%, respectively. Cephalexin and cef-
ixime showed a statistically significant association
with C difficilediarrhea, and amoxicillin-clavul anate
and cefuroxime showed atrend toward an increased
risk for C difficile diarrhea. In this study, antibiotics
that demonstrated minimal association with positive
Cdifficiletestsincluded cefacl or, cefadroxil,, and cef-
prozil.

Antibiotic resistance may be caused by a variety
of mechanisms(eg, enzymatic degradation or altered
antibiotic binding sites). B-Lactamase—producing
organisms cause enzymatic degradation of antibiot-

ics with a 3-lactam moiety in their chemical struc-
ture. Clavulanate is a 3-lactamase inhibitor; there-
fore, amoxicillin-clavulanate is effective against 3-
lactamase—producing organisms (eg, -lactamase—
producing strainsof H influenzae and M catarrhalis).

The mechanism of Spneumoniaeresistanceisdif-
ferent from that of -lactamase production. Strepto-
COCCUS pneumoniae resistance occurs because of an
altered penicillin binding site. Amoxicillin-clavula-
nate offers no advantage over amoxicillin alone in
the treatment of infections caused by resistant strains
of Spneumoniae.

As previously discussed, higher routine doses of
amoxicillin may be needed in certain circumstances.
A common recommendation is to double the usual
dose. With currently available formulations of amox-
icillin-clavulanate, 2 prescriptionsarerequired (1 for
amoxicillin and the other for amoxicillin-clavulanate)
to achieve a higher dose of amoxicillin without in-
creasing the dose of clavulanate, a gastrointestinal
mucosal irritant. The complexity of such aregimen
may compromise patient compliance.

The newer macrolides (clarithromycin and azith-
romycin) may be acceptable second-line agents, spe-
cificaly in patients who are alergic to penicillin.
Resistance among the pneumococci to these agents
is increasing.®0:9 Breakpoints for resistance by the
NCCLSare=1 pg/mL for erythromycin and clarith-
romycin and =2 pg/mL for azithromycin, although
the NCCL S recommends that erythromycin antimi-
crobial susceptibility test results can predict the ac-
tivities of other macrolides. Erythromycin-resistant
strains areresistant to clarithromycin, azithromycin,
and usualy penicillin.192 Haemophilus influenzae,
which is susceptible in vitro to azithromycin, may
survive in an infected fluid because of lower extra-
cellular concentration of theantibiotic.13 The mecha
nisms of action of macrolide resistance may be en-
zymatic deactivation or active efflux of the antibi-
otic across the bacterial cell membrane or ribosomal
alterations.104.195 Clindamycin can be used for infec-
tions caused by Spneumoniae, but it does not eradi-
cateH influenzae or M catarrhalisand is conseguent-
ly inappropriate empirical therapy for sinusitis.

The newer fluoroquinol ones— levofloxacin, mox-
ifloxacin, and gatifloxacin — have good in vitro ac-
tivity against Spneumoniae, including penicillin-re-
sistant isolates, and excellent tissue penetration into
the sinuses. Thefirst-line use of the fluoroquinolones
should berestricted to patients with moderate-to-se-
vereinfectionsor recent antibiotic failures. Thereare
differences between the in vitro activities of the dif-
ferent fluoroquinol ones against S pneumoni ae. 106,107
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Gatifloxacin and moxifloxacin have greater in vitro
activity than levofloxacin when tested against Spneu-
moniae. The newer fluoroquinolones offer once-daily
dosing and have low phototoxic potential .108-110 Cur-
rently, the fluoroquinolone antibiotics are not indi-
cated for patients younger than 18 years of age. The
role of these agents has not been clearly established
in the treatment of acute sinusitis. Emerging reports
of fluorogquinolone resistance among pneumococci
underscore the need to curtail the inappropriate use
of these drugs for infectionsthat can be treated with
B-lactam or macrolide antibiotics.106

The Joint Task Force on Practice Parameters for
Allergy and Immunology has developed guidelines
to aid theclinician in therapeuti ¢ decision-making.111
This comprehensive document covers every major
aspect of sinusitis in various formats, and it is the
basisfor the treatment algorithmsfor selecting anti-
microbial therapy (Figs4 and 5). Sinusitiscan beclas-
sified as acute (<4 weeks), subacute (4 to 12 weeks),
or chronic (>12 weeks). Antibiotic therapy should
be considered for acute sinusitis if the acute illness
haspersisted for morethan 7 days, or lessthan 7 days
in patients with fever and headacheswho are not re-
sponsiveto analgesic management, and for subacute
sinusitiscases. Aninitial otolaryngological consulta-
tion is recommended for chronic sinusitis.

Theinitia choice of antibiotic should begin with
amoxicillinor TMP-SM X and consider cost, bacteri-
al resistance patternsin the locality, the severity and
duration of infection, and risk factors prompting con-
sideration of a second-line agent. The choice of a
second-line antibiotic al so should include proven ef-
ficacy, an alergic history, the previous response to
thesel ected antibi otic, and the physician’sexperience.
In al cases, the selection of an antibiotic should be
tempered by patient-focused considerations.

DURATION OF THERAPY

The symptoms should abate within afew days af -
ter the initiation of treatment, and 10 to 14 daysis
considered an adequate treatment interval. A longer
treatment interval may bewarranted if symptoms per-
sist. Researchers have looked at shorter courses of
antimicrobial treatment to lower costs, reduce side
effects, increase compliance, reducethe potential for
resistance, and decrease the impact on commensal
flora.112 Although the results of these studies are
promising, further studies of short-coursetherapy are
needed, especially in children, and clinical judgment
iS paramount.

The majority of patients with sinusitis are treated
on an outpatient basis that necessitates appropriate

follow-up to assess compliance.113 Follow-up times
vary widely according to the patient’s age, risk fac-
tors, and history.114 Additional evaluationsare neces-
sary if symptoms persist or worsen, perhaps because
of resistant bacteria or poor antimicrobial coverage.
Children should be considered at greater risk for re-
currence if they are younger than 6 months of age,
attend day care, live with asmoker, or have ahistory
of multiple URTIs.

Physicians should consider immunologic defects
in children who do not respond to treatment. The ma-
jority of children who have severe sinusitis havein-
adequatehumoral defenses!> and prolonged courses
of antibiotics. Theuseof antibioticsinchildreniscon-
troversial. Many casesresol ve spontaneously, where-
as others tend to progress; antibiotic use should be
limited to highly selected patients.2® Antibiotics
should be used in children whose signs and symp-
toms persist for 10 to 14 days or longer without im-
provement.33.82

ADJUNCTIVE TREATMENTS

Adjunctivetreatments are designed to promotecil -
iary function and decrease edema. Although most are
unproved, these measures are not expensive, compli-
cated, or associated with mgjor side effects. Hence,
they represent reasonable supportive measures. Sa-
linenasal sprays, humidifiers, warm aerosols, steam,
aromatic vapors, hot soups, and teas moisturize the
nasal cavity and remove thick mucus crusts and thus
help minimize symptoms.

Topical decongestants (eg, phenylephrine hydro-
chloride, oxymetazoline hydrochloride) relieve na-
sal congestion by stimulating mucosal a-adrenergic
receptors, thereby shrinking the edematous mucosa
and relieving obstruction.16 The use of these sprays
should be limited to 3 daysto avoid rhinitis medica-
mentosa, which canworsen nasal congestion. System-
ic decongestants (eg, pseudoephedrine, phenylpro-
panolamine hydrochloride) may reduce nasal conges-
tion, but typically have side effects that include in-
somniaor hyperactivity. The use of systemic decon-
gestantsis hot recommended in children, especially
when thereisapotential for cardiac stimulation, hy-
pertension, or neurologic complications,13.117.118

Studiesin adultsshow that when decongestants are
prescribedin conjunction with antibiotics, both symp-
toms and total costs decrease — a finding suggest-
ing that physiciansshould consider thisdual approach
to treating sinusitis.11® The expectorant guaifenesin,
1,200 mg twice daily in adults, can help thin secre-
tions and improve ciliary action, thus lessening mu-
cus stasis and improving drainage.



Symptoms of Pediatric Sinusitis:

Cough, halitosis, mouth-breathing
Fever >100°F
Purulent nasal discharge (anterior rhinoscopy)

A

A 4

13

Most likely viral cause

O Symptomatic treatment*

<4 weeks 4 - 12 weeks >12 weeks
Acute sinusitis Subacute sinusitis Chronic sinusitis
Symptoms for <7 days Symptoms for
and no recent antibiotic 7 - 10 days

Suspect bacterial infection

O Antibiotictreatment A

A 4

Pediatric Sinugitis
Treatment Algorithm
Antibiotic treatments:

A Amoxicillint, TMP-SMX

B Second- and third-generation
cephal osporins with adequate S
pneumoniae coverage (cefprozil,
cefuroxime axetil, cefpodoxime
proxetil), and amoxicillin-
clavulanatet. For penicillin-
sensitive patients, macrolides may
be considered.

C Ceftriaxone, clindamycin * third-
generation cephalosporin

*  Topica or systemic decongestants,
NSAIDS

t Inareas of high drug-resistant
S pneumoniae prevalence,
amoxicillin dose should be
increased.

1 Resistant pathogens suspected in
children in day care, immunity-
impaired children, etc

No resolution of symptoms
within 3 - 5 days or
symptoms return within

2 weeks after antibiotic
treatment A

> Suspect resistant
pathogenst

> Consider CT scan for
anatomic considerations

O Antibiotic treatment B

(covers less-susceptible strains
of Spneumoniae, H influenzae,
M catarrhalis)

O Antibiotictreatment C

(covers less-susceptible strains
of Spneumoniae)

ENT CONSULT

Rule out obstruction, deviated septum, etc
CT scan

Antibiotic treatment B for 21 - 28 days
Anti-anaerobic coverage for chronic infection

Fig 4. Algorithm for selecting antimicrobial therapy for acute sinusitisin children.
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Symptoms of Adult Sinusitis:

Frontal headache (NSAID nonresponsive)
Tooth pain, fever >100°F

Purulent nasal discharge (anterior rhinoscopy)

A

A 4

<4 weeks
Acute sinusitis

4 - 12 weeks
Subacute sinusitis

>12 weeks
Chronic sinusitis

A

A 4 A

Symptoms for <7 days
and no recent antibiotic

Most likely viral cause

O Symptomatic treatment*

Symptoms for
7 - 10 days

Suspect bacterial infection

O Antibiotictreatment A

A 4

Adult Sinugitis
Treatment Algorithm
Antibiotic treatments:

A Amoxicillint, TMP-SMX

B Second- and third-generation
cephal osporins with adequate S
pneumoniae coverage (cefprozil,
cefuroxime axetil, cefpodoxime
proxetil), and amoxicillin-
clavulanatet

C Fuoroquinolones with adegquate S
pneumoniae coverage (gatifloxacin,
moxifloxacin, levofloxacin);
clindamycin + third-generation
cephalosporin

*  Topica or systemic decongestants,
NSAIDS

T Inareas of high drug-resistant
S pneumoniae prevalence,
amoxicillin dose should be increased.

T Resistant pathogens suspected in high-

treated with antibiotics, parents of
children in day care, immune-impaired
patients, patients with severe

alergies, etc

No resolution of symptoms

within 3- 5 days or

symptoms return within

2 weeks after antibiotic

treatment A

> Suspect resistant
pathogenst

> Consider CT scan for
anatomic considerations

O Antibiotic treatment B

(covers less-susceptible strains
of Spneumoniae, H influenzae,
M catarrhalis)

O Antibiotictreatment C
(covers less-susceptible strains

of Spneumoniae, 3-lactamase—
producing H influenzae)

risk patients, such as patients previously

ENT CONSULT

CT scan

Rule out obstruction, deviated septum, etc

Antibiotic treatment B or C for 21 - 28 days
Anti-anaerobic coverage for chronic infection

Fig 5. Algorithm for selecting antimicrobial therapy for acute sinusitisin adults.
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TABLE 8. ANTIMICROBIAL REGIMENS FORACUTE SINUSITIS

Antimicrobial Agent

Dose and Duration

Average Wholesale Price Regimen Cost*

Amoxicillin (generic) T

500 mg q12h for 14 d $8.73

875 mg ql2h for 14d $27.13
Amoxicillin-clavulanate (Augmentin) 500 mg/125 mg g8h for 10 d $106.88
875 mg/125 mg g12h for 10 d $95.15
Cefprozil (Cefzil) 250 mg g12h for 10 d $65.94
500 mg q12h for 10d $130.76
Cefuroxime axetil (Ceftin) 250 mg g12h for 10d $81.55
Cefaclor (Ceclor)t 500 mg q12h for 10d $77.89
Loracarbef (Lorabid) 400 mg gql2h for 10d $100.00
Cefixime (Suprax)t 200 mg g12h for 10 d $74.99
Cefdinir (Omnicef) 300 mg gq12h for 10d or $70.56
600 mg q24h for 10 d $141.12
Trimethoprim-sulfamethoxazol e (generic)t 160 mg/800 mg g12h for 10 d $8.02
Azithromycin (Zithromax)t 500 mg on day 1 and $40.53
250 mg on days 2-5 or
500 mg for 3 days
Clarithromycin (Biaxin) 500 mg g12h for 14 d $91.28
Levofloxacin (Levaguin)f 500 mg g24h for 10d $85.34
500 mg gq24h for 14 d $119.48
Moxifloxacin (Avelox)t 400 mg g24h for 10d $87.12
Gatifloxacin (Tequin)t 400 mg g24 for 10d $70.25

*1999 Redbook. Montvale, NJ: Medical Economics Company, 2000;19(2):15-64.

TtNot approved in United States for treatment of sinusitis.

FNot commonly used to treat community-acquired acute bacterial sinusitis, but may have important role for highly resistant or multidrug-

resistant strains.

Antihistamines should not be used routinely in
acute bacterial sinusitis. They may dry nasal and si-
nussecretionsand thereby limit mucus clearancefrom
the sinus cavity. Antihistaminic therapy should be
considered when there are signs and symptoms that
suggest an allergic history. Nasal steroids theoreti-
cally ater theinflammatory responseinrhinosinusitis
and decrease edema and obstruction. These agents
are not unequivocally effective and are therefore not
routinely recommended in the treatment of acute si-
nusitis, although they may have some benefits in
chronic disease.

ECONOMIC BURDEN

Sinusitis exerts a substantial economic burden on
society. It is a serious, debilitating, and costly dis-
ease. Sinusitis is associated with high direct health
care system costs, including facility usage, profes-
sional fees, laboratory and clinical testing costs, med-
ication, surgical costs, socioeconomic costs, and re-
duced quality of life. In arecent 1-year study, 26.7
million patient visits were attributed to sinusitis and
related airway disorders, at a cost of $5.78 billion.6
Casesin children accounted for 30.6% of the overall
costs ($1.77 billion), and adults accounted for 69.4%
of the overall costs ($4 billion).

Theincreasing frequency of penicillin-resistant S

pneumoniae may increase the rate of treatment fail-
ures, greatly increasing treatment costs.120 Costs of
treating sinusitis are also rising because of the in-
creasing prevalence of 3-lactamase—producing bac-
teria. Often, costs are underestimated because indi-
rect and out-of-pocket expenses are not considered
(ie, over-the-counter adjunctive treatments). Each
year, itisestimated that adults have 12.5 million lost
workdays, 58.7 million daysof restricted activity, and
20.3 million bed-days because of sinusitis.®

Patientswho haverecurring diseaseusemore health
care resources and increase costs. Ober!19 showed a
positive correlation between the number of episodes
and costs in treating sinusitis. Costs increased from
$304 for thefirst episode to $667 for the second epi-
sode to $1,743 for the third episode. Unfortunately,
as the number of episodes increased, the choice of
antibiotics did not change from amoxicillin. A simi-
lar pattern of represcribing amoxicillin after an ini-
tial acute otitis media episode was observed.120 Epi-
sode-to-episode pattern changesindicated that amox-
icillinwas prescribed in 67% of initial cases, 47% of
second visits, and 39% of third visits.

The judicious use of a more appropriate second-
generation cephalosporin is likely to decrease costs
inpatientswithmultipleepisodesof sinusitis. TheUS
and Canadian guidelinesrecommend the use of sec-
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ond-line agents to treat recurring infections.>! Phy-
sicians must consider that |ess-expensive agentsthat
fail may contribute to the emergence of resistance.

Antibiotic costs represent asmall portion (10%to
16%) of thetotal costs of sinusitistreatment, but the
inappropriate selection of antibiotic therapy can sig-
nificantly increase aggregate health care costs (Table
8).119 Physicians must determine how families will
pay for prescriptionsin order to remove barriersthat
may prevent them from obtaining a drug.14 Out-of-
pocket costs may be a significant barrier to compli-
ance. For children, physicians should consider the
amount of antibiotic prescribed versusthe weight of
the patient. This prevents waste and the potential of
using leftover antibiotics for future episodes. 114 Al-
thoughthecost of second-lineantibiotics may be more
than that of amoxicillin, the overall cost of failure
may outweigh the medication cost. The larger per-
episode costs, including revisits, additional clinical
and laboratory testing, and professional and emergen-
cy room fees, must be considered.

Selecting antimicrobial sthat areclinically and bac-
teriologically effective, associated with good compli-
ance, and well tolerated optimizes economic bene-
fit.121 The palatability of an antimicrobial may be
the deciding factor in choice when comparable effi-
cacy exists. Double-blind taste comparisons of pe-
diatric antibiotic suspensions found that the cepha-
losporinstend to be preferred. Loracarbef, cefadroxil,
cefprozil, and cefixime were the 4 highest-ranked an-
tibiotics.122

WHEN TO REFER

Improperly treated sinusinfections may spread to
nearby structures (eye, dura, or venous drainage)
through anastomosing veinsor by direct extension.12
Sinusitis is the primary source of infection in two
thirds of patients with intracranial abscesses and in
5% of community-acquired bacterial meningitis
cases.12 A patient should be referred to a specialist
when a potentially serious complication arises. A re-
ferral to an otolaryngologist or an allergist is appro-
priate when there are recurrent or chronic symptoms,
nasal polyposis, asthma, or allergies. Otolaryngol o-
gistsserveaprimary rolein the management of com-
plicated and chronic sinusitis.123 The complications
that require areferral to an otolaryngologist include
a deteriorating patient condition, treatment failure,
immunocompromise, or the development of a noso-
comial infection.80

Although CT scanning and magnetic resonance
imaging have a minor role in the diagnosis of acute
bacterial sinusitis, they have adefiniteroleinthe man-
agement of complicated sinusitis.%* A CT scanisre-

quired to diagnose chronic sinusitis. Computed tomo-
graphic scansare superior to plain radiographsin the
delineation of sinus abnormalities and have greater
sensitivity and specificity.30.124 |n children, CT scan-
ning confirms the most common site of infection to
betheethmoid infundibulumand theanterior ethmoid
complex.125 However, CT scans should be reserved
for children with complicated sinus disease, numer-
ous recurrences, or protracted or unresponsive cases
in which surgery is contemplated.

A child should bereferred for cultures when he or
sheisseverelyill or toxic-appearing, when symptoms
progress despite medical management, when he or
she is immunocompromised, or when suppurative
complications are present.8 A skilled otolaryngolo-
gist should perform the aspiration of the maxillary
sinuses. Recovery of bacteriaat adensity of 104 col-
ony-forming units per milliliter representstrueinfec-
tion.126.127 |n addition to the 3 most common patho-
gens, Saureus and anaerobes may be present. Intra-
venous antibiotics are recommended in severely ill
children.

Patients with acute sinusitis rarely require surgi-
cal intervention or sinus aspiration to ventilate a si-
nusthat isunresponsiveto antimicrobial treatment.33
Surgery should be considered only when all medical
options have been exhausted, and it is generally re-
served for patientswith refractory disease or anatom-
ic abnormalities. Evaluations by a medical special-
ist and a surgical specialist may be warranted be-
cause of the high complication rate of surgery. Sur-
gery in children may interfere with the development
of the face, possibly leading to asymmetrical devel-
opment.125 The role of adenotonsillectomy in treat-
ing pediatric sinusitis is unclear. Consultation with
an otolaryngologist helps determine the size of the
tonsils and adenoids, their role in possible sinus ob-
struction, and the need for their removal .128

A referral to an alergist is appropriate when the
patient hasasignificant allergic history. Medical and
surgical treatment of sinusitisin patientswith asthma
reduces the use of asthma medications. This type of
referral may be necessary even without complica-
tions.129

CONCLUSIONS

Theliteratureisfull of clinical studiesand review
articles that deal with sinusitis. Unfortunately, there
are few universally accepted guidelines for diagno-
sis and management. In 1997, the Canadian Sinusi-
tis Symposium devel oped guidelinesfor the diagno-
sis and treatment of sinusitis.5! Rachelefsky130 dis-
cussed the need for practical national guidelines for
the diagnosis and treatment of rhinitis, but there is
only minima mention of sinusitis. The Joint Task
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Force on Practice Parametersfor Allergy and Immu-
nology has devel oped guidelinesto aid the clinician
indecision-making.1 This comprehensive document
coversevery major aspect of sinusitisin variousfor-
mats (Figs 4 and 5).

The optimal management of acute sinusitisiscon-
troversial.® Primary care physicians must focus on
better diagnosisof thiscondition. A proper diagnosis
that focuses on differentiation between viral disease
and bacterial infection is required to offer appropri-
ate treatment. This diagnosis can rely largely on pa-
tient history and physical examination. Rarely arelab-
oratory testsrequired. Treatment for sinusitis should
focuson relieving the obstruction, treating theinfec-
tion, thinning themucus, and opening the sinus ostia.

When abacterial originissuspected, an antibiotic
should be selected on the basis of resistance patterns
found in the community. Regardless of patient pres-
sure, prescribing antibiotics for nonbacterial causes
isto bediscouraged and replaced with patient educa-
tion and attention. Appropriate antibiotic selection
and duration of use isimportant to achieve efficacy
and prevent antibiotic resistance. Adjunctive treat-
ment may aid in the resolution of signs and symp-
toms. Patientswho do not respond to treatment should
be referred to an otolaryngol ogist to minimize com-
plications. Appreciation of the high incidence of si-
nusitisand itsimpact on quality of life should stimu-
lateprimary carephysiciansto properly recognizethe
subtle clinical presentation of acute bacterial sinus-
itis and offer appropriate aggressive treatment.
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