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Prevention of Rheumatic Fever and Diagnosis and
Treatment of Acute Streptococcal Pharyngitis


A Scientific Statement From the American Heart Association Rheumatic
Fever, Endocarditis, and Kawasaki Disease Committee of the Council on


Cardiovascular Disease in the Young, the Interdisciplinary Council on
Functional Genomics and Translational Biology, and the Interdisciplinary


Council on Quality of Care and Outcomes Research
Endorsed by the American Academy of Pediatrics*


Michael A. Gerber, MD, Chair; Robert S. Baltimore, MD; Charles B. Eaton, MD, MS;
Michael Gewitz, MD, FAHA; Anne H. Rowley, MD;


Stanford T. Shulman, MD; Kathryn A. Taubert, PhD, FAHA


Abstract—Primary prevention of acute rheumatic fever is accomplished by proper identification and adequate antibiotic
treatment of group A �-hemolytic streptococcal (GAS) tonsillopharyngitis. Diagnosis of GAS pharyngitis is best
accomplished by combining clinical judgment with diagnostic test results, the criterion standard of which is the throat culture.
Penicillin (either oral penicillin V or injectable benzathine penicillin) is the treatment of choice, because it is cost-effective,
has a narrow spectrum of activity, and has long-standing proven efficacy, and GAS resistant to penicillin have not been
documented. For penicillin-allergic individuals, acceptable alternatives include a narrow-spectrum oral cephalosporin, oral
clindamycin, or various oral macrolides or azalides. The individual who has had an attack of rheumatic fever is at very high
risk of developing recurrences after subsequent GAS pharyngitis and needs continuous antimicrobial prophylaxis to
prevent such recurrences (secondary prevention). The recommended duration of prophylaxis depends on the
number of previous attacks, the time elapsed since the last attack, the risk of exposure to GAS infections, the age
of the patient, and the presence or absence of cardiac involvement. Penicillin is again the agent of choice for
secondary prophylaxis, but sulfadiazine or a macrolide or azalide are acceptable alternatives in penicillin-allergic
individuals. This report updates the 1995 statement by the American Heart Association Rheumatic Fever,
Endocarditis, and Kawasaki Disease Committee. It includes new recommendations for the diagnosis and treatment
of GAS pharyngitis, as well as for the secondary prevention of rheumatic fever, and classifies the strength of the
recommendations and level of evidence supporting them. (Circulation. 2009;119:1541-1551.)


Key Words: AHA Scientific Statements � pediatrics � infectious diseases � prevention
� rheumatic heart disease � rheumatic fever � streptococcal pharyngitis


This scientific statement is an update of a 1995 statement
on prevention of rheumatic fever by this committee.1


Prevention of both initial and recurrent attacks of rheumatic
fever depends on control of group A �-hemolytic streptococ-


cal (GAS) tonsillopharyngitis (strep throat). Prevention of
first attacks (primary prevention) is accomplished by proper
identification and adequate antibiotic treatment of streptococ-
cal infections. The individual who has had an attack of
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Rheumatic Fever and Diagnosis and Treatment of Acute Streptococcal Pharyngitis.
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rheumatic fever is at high risk of developing recurrences after
subsequent GAS pharyngitis and needs continuous antimicro-
bial prophylaxis for years to prevent such recurrences (sec-
ondary prevention).2–6


In developing areas of the world, acute rheumatic fever and
rheumatic heart disease are estimated to affect nearly 20
million people and are the leading causes of cardiovascular
death during the first 5 decades of life.7 In contrast, the
incidence of acute rheumatic fever has decreased dramati-
cally in most developed countries.8 In certain areas of the
United States, a few localized outbreaks in civilian and
military populations were reported in the 1980s.8,9 This
reappearance of acute rheumatic fever serves as a reminder of
the importance of continued attention to prevention of rheu-
matic fever in this and other developed countries; however,
currently, the overall incidence of acute rheumatic fever
remains very low in most areas of the United States.10,11 The
recommendations in the present statement are primarily based
on this assumption. Physicians practicing in areas outside the
United States with a higher incidence of acute rheumatic
fever or in areas of the United States experiencing an
outbreak of acute rheumatic fever need to take this into
consideration.


The writing group was charged with the task of performing
an assessment of the evidence and assigning a classification
of recommendations and a level of evidence (LOE) to each
recommendation. The American College of Cardiology/
American Heart Association (AHA) classification system
was used as follows:


Classification of Recommendations:
Class I: Conditions for which there is evidence and/or general


agreement that a given procedure or treatment is beneficial,
useful, and effective.


Class II: Conditions for which there is conflicting evidence
and/or a divergence of opinion about the usefulness/
efficacy of a procedure or treatment.


Class IIa: Weight of evidence/opinion is in favor of
usefulness/efficacy.


Class IIb: Usefulness/efficacy is less well established by
evidence/opinion.


Class III: Conditions for which there is evidence and/or
general agreement that a procedure/treatment is not useful/
effective and in some cases may be harmful.


Level of Evidence:
Level of Evidence A: Data derived from multiple randomized


clinical trials or meta-analyses.
Level of Evidence B: Data derived from a single randomized


trial or nonrandomized studies.
Level of Evidence C: Only consensus opinion of experts,


cases studies, or standard of care.


Prevention of Initial Attacks
(Primary Prevention)


GAS infections of the pharynx are the precipitating cause of
rheumatic fever. During epidemics over a half century ago, as
many as 3% of untreated acute streptococcal sore throats
were followed by rheumatic fever; in endemic infections, the
incidence of rheumatic fever is substantially less.12 Appro-


priate antibiotic treatment of streptococcal pharyngitis pre-
vents acute rheumatic fever in most cases.13 Unfortunately, at
least one third of episodes of acute rheumatic fever result
from inapparent streptococcal infections.14 In addition, some
symptomatic patients do not seek medical care. In these
instances, rheumatic fever is not preventable.


Diagnosis of Streptococcal Infections
Prevention of initial episodes of acute rheumatic fever re-
quires accurate recognition and proper antibiotic treatment of
GAS pharyngitis. Streptococcal skin infections (impetigo or
pyoderma) have not been proven to lead to acute rheumatic
fever and are not discussed here. Acute pharyngitis is caused
considerably more often by viruses than by bacteria. Viruses
that commonly cause pharyngitis include influenza virus,
parainfluenza virus, rhinovirus, coronavirus, adenovirus, respi-
ratory syncytial virus, Epstein-Barr virus, enteroviruses, and
herpesviruses. Other causes of acute pharyngitis include groups
C and G streptococci, Neisseria gonorrhoeae, Mycoplasma
pneumoniae, Chlamydia pneumoniae, Arcanobacterium hemo-
lyticum, and human immunodeficiency virus (HIV).


GAS pharyngitis is primarily a disease of children 5 to 15
years of age, and in temperate climates, it usually occurs in
the winter and early spring. GAS is an uncommon cause of
pharyngitis in preschool children, but outbreaks in child care
settings have been reported.15,16 However, rheumatic fever is
rare in children younger than 3 years of age in the United
States. Initial attacks of rheumatic fever are also rare in
adults, but recurrences are well documented.


Clinical findings suggestive of GAS as the cause of an
episode of acute pharyngitis (Table 1) include sore throat
(generally of sudden onset), pain on swallowing, fever of
varying degree (usually from 101°F to 104°F), and headache;
abdominal pain, nausea, and vomiting may also occur,
especially in children. Additional clinical findings include
tonsillopharyngeal erythema with or without exudates, ante-
rior cervical lymphadenitis, soft palate petechiae, beefy red
swollen uvula, and a scarlatiniform rash. None of these
clinical manifestations individually is specific enough to
diagnose GAS pharyngitis, and these clinical signs and
symptoms can occur with other upper respiratory tract infec-
tions. These clinical findings are noted primarily in children
older than 3 years of age and in adults. Clinical findings in
younger children can be different and less specific. For
example, infants with GAS upper respiratory tract infections
may present with excoriated nares or purulent nasal dis-
charge. A history of close contact with a well-documented
case of GAS pharyngitis may be helpful in making the
diagnosis, as is an awareness of a high prevalence of GAS
infections in the community. Clinical findings highly sugges-
tive of a viral cause of an episode of acute pharyngitis include
coryza, hoarseness, cough, diarrhea, conjunctivitis, and a
characteristic viral enanthem and/or exanthem (Table 1).


Accurate differentiation of GAS pharyngitis from pharyn-
gitis caused by other pathogens based on history and clinical
findings is often difficult even for experienced clinicians.
Therefore, some form of microbiological confirmation, with
either a throat culture or a rapid antigen detection test
(RADT), is required for the diagnosis of GAS pharyngitis
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(Class I, LOE B).17 Neither the blood agar plate culture nor
the RADT can accurately differentiate individuals with bona
fide GAS pharyngitis from GAS carriers (defined as individ-
uals with positive throat cultures for GAS without an immu-
nologic response to GAS) with intercurrent viral pharyngitis.
However, they do facilitate the withholding of antibiotics
from the great majority of patients with sore throats, whose
cultures or RADTs are negative, and this is extremely
important. Pharyngeal carriage of GAS is a common finding,
particularly in school-age children. In the winter and early
spring, as many as 15% of school-age children may be
asymptomatic GAS carriers.18


When deciding whether to perform a microbiological test for
a patient with acute pharyngitis, the clinical and epidemiological
findings in Table 1 need to be considered (Class I, LOE B). If
these findings are suggestive of GAS pharyngitis, then a throat
culture or RADT should be performed to confirm the diagnosis.
It is easier to exclude the diagnosis of GAS pharyngitis accu-
rately than it is to establish the diagnosis accurately. Therefore,
for patients with acute pharyngitis and clinical and epidemiolog-
ical findings suggestive of a viral origin, the pretest probability
of GAS is low, and testing usually does not need to be performed
(Class IIb, LOE B). Selective use of diagnostic testing for GAS
will increase not only the proportion of positive test results but
also the proportion of cases in which patients with a positive test
are truly infected and not merely GAS carriers with viral
pharyngitis. Although testing asymptomatic household contacts
of children with GAS pharyngitis for GAS is not routinely
recommended, throat swab specimens should be obtained from


all household contacts of a child who has acute rheumatic fever,
and if the test results are positive, that contact should be treated.


Adults with acute pharyngitis have a much lower incidence
of GAS infections than children do. In addition, the risk of an
initial attack of acute rheumatic fever is extremely low in
adults, even those with an undiagnosed and untreated episode
of GAS pharyngitis. Therefore, the use of a clinical algorithm
without microbiological confirmation has been recommended
recently by some authors as an acceptable strategy for
diagnosing GAS pharyngitis in adults but not children.19


However, use of this approach could result in the receipt of
inappropriate antimicrobial therapy by an unacceptably large
number of adults with nonstreptococcal pharyngitis and is not
recommended (Class III, LOE B).17,20,21


Throat Culture
Throat culture is the conventional method for establishing the
diagnosis of GAS pharyngitis and is the criterion standard. In
an untreated patient with GAS pharyngitis, a properly ob-
tained (by vigorous swabbing of both tonsils and posterior
pharynx) throat culture is almost always positive; however, a
positive throat culture may reflect chronic colonization by
GAS, and the acute illness may be caused by another agent.
Quantitation of GAS from the throat swab culture cannot be
used to differentiate carriage from infection, because sparse
growth may be associated with true infection. A negative
throat culture permits the physician to withhold antibiotic
therapy from the large majority of patients with sore throats.


Antigen Detection Tests
Many GAS antigen detection tests are available commer-
cially. These tests vary in method. Most of these tests have
a high degree of specificity, but their sensitivity in clinical
practice can be unacceptably low. Therefore, treatment is
indicated for the patient with acute pharyngitis who has a
positive RADT (Class I, LOE B). As with the throat
culture, a positive RADT may reflect chronic colonization
by GAS, and the acute illness may be caused by another
agent. With most RADTs, a negative test does not exclude
the presence of GAS, and a throat culture should be
performed (Class I, LOE B).17,22 Newer tests have been
developed that may be more sensitive than other RADTs
and perhaps even as sensitive as blood agar plate cul-
tures.23,24 However, the definitive studies to determine
whether some RADTs are significantly more sensitive than
others and whether any of the RADTs are sensitive enough
to be used routinely in children without throat culture
confirmation of negative test results have not been per-
formed. Some experts believe that physicians who use an
RADT without culture backup in children and adolescents
should compare the results of that specific RADT with
those of blood agar plate cultures to confirm adequate
sensitivity in their practice (Class IIa, LOE C).


Because of the epidemiological features of acute pharyngitis
in adults (eg, low incidence of GAS infections and extremely
low risk of acute rheumatic fever), diagnosis of GAS pharyngitis
in most adults on the basis of an RADT alone, without
confirmation of negative RADT results by a negative throat


Table 1. Clinical and Epidemiological Findings and Diagnosis
of GAS Pharyngitis


Features suggestive of GAS as causative agent


Sudden-onset sore throat


Pain on swallowing


Fever


Scarlet fever rash


Headache


Nausea, vomiting, and abdominal pain


Tonsillopharyngeal erythema


Tonsillopharyngeal exudates


Soft palate petechiae (“doughnut” lesions)


Beefy, red, swollen uvula


Tender, enlarged anterior cervical nodes


Patient 5 to 15 years of age


Presentation in winter or early spring (in temperate climates)


History of exposure


Features suggestive of viral origin


Conjunctivitis


Coryza


Hoarseness


Cough


Diarrhea


Characteristic exanthems


Characteristic enanthems
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culture, is reasonable and an acceptable alternative to diagnosis
on the basis of throat culture results (Class IIa, LOE C).19


Streptococcal Antibody Tests
Antistreptococcal antibody titers reflect past and not present
immunologic events and therefore cannot be used to deter-
mine whether an individual with pharyngitis and GAS in the
pharynx is truly infected or merely a streptococcal carrier.
When present, elevated or rising antistreptococcal antibody
titers provide reliable confirmation of a recent GAS infection
and are of value in identifying a preceding GAS infection in
a patient suspected of having rheumatic fever. The most
commonly used and commercially available antibody assays
are antistreptolysin O and antideoxyribonuclease B. These
tests are valuable in patients who have possible nonsuppura-
tive complications of GAS infections (acute rheumatic fever
or acute glomerulonephritis). The antistreptolysin O test is
usually obtained first, and if it is not elevated, an antideoxyri-
bonuclease B test may be performed. Antistreptolysin O titers
begin to rise approximately 1 week and peak 3 to 6 weeks
after the infection. Antideoxyribonuclease B titers begin to
rise 1 to 2 weeks and peak 6 to 8 weeks after the infection.
Elevated titers for both tests may persist for several months
after even uncomplicated GAS infections.


It is not uncommon for laboratory personnel and physicians to
misinterpret streptococcal antibody titers because of a failure to
appreciate that the normal levels of these antibodies are higher
among school-age children than among adults.25 Both the
traditional antistreptolysin O and antideoxyribonuclease B tests
are neutralization assays. Newer tests use latex agglutination or
nephelometric assays. Unfortunately, these newer tests have not
been well standardized against the traditional neutralization
assays.26 Physicians need to be aware of these potential prob-


lems when interpreting the results of streptococcal serological
testing performed on their patients.


A commercially available slide agglutination test for the
detection of antibodies to several streptococcal antigens is
the Streptozyme test (Wampole Laboratories, Stamford,
Conn). This test is less well standardized and less repro-
ducible than other antibody tests, and it should not be used
as a test for evidence of a preceding GAS infection (Class
III, LOE B).27,28


Recommended Treatment Schedules
Prevention of rheumatic fever requires adequate therapy for
GAS pharyngitis. In selecting a regimen for the treatment of
GAS pharyngitis, physicians should consider various factors,
including bacteriologic and clinical efficacy, ease of adher-
ence to the recommended regimen (frequency of daily ad-
ministration, duration of therapy, and palatability), cost,
spectrum of activity of the selected agent, and potential side
effects. No regimen eradicates GAS from the pharynx in
100% of treated patients, even though 100% of GAS demon-
strate in vitro susceptibility to all �-lactam agents (penicillins
and cephalosporins).


Intramuscular benzathine penicillin G and oral penicillin V
are the recommended antimicrobial drugs for the treatment of
GAS, except in individuals with histories of penicillin allergy
(Class I, LOE B; Table 2). The only currently recommended
antimicrobial therapy that has been investigated in controlled
studies and demonstrated to prevent initial attacks of acute
rheumatic fever is intramuscular repository-penicillin
therapy.29,30 These studies were performed with procaine
penicillin G in oil containing aluminum monostearate, a
preparation that subsequently has been replaced by benza-
thine penicillin G. For this reason, none of the regimens listed


Table 2. Primary Prevention of Rheumatic Fever (Treatment of Streptococcal Tonsillopharyngitis)*


Agent Dose Mode Duration Rating


Penicillins


Penicillin V (phenoxymethyl
penicillin)


Children: 250 mg 2 to 3 times daily for �27 kg (60 lb);
children �27 kg (60 lb), adolescents, and adults: 500


mg 2 to 3 times daily


Oral 10 days IB


or


Amoxicillin 50 mg/kg once daily (maximum 1 g) Oral 10 days IB


or


Benzathine penicillin G 600 000 U for patients �27 kg (60 lb); 1 200 000 U for
patients �27 kg (60 lb)


Intramuscular Once IB


For individuals allergic to penicillin


Narrow-spectrum cephalosporin†
(cephalexin, cefadroxil)


Variable Oral 10 days IB


or


Clindamycin 20 mg/kg per day divided in 3 doses (maximum 1.8 g/d) Oral 10 days IIaB


or


Azithromycin 12 mg/kg once daily (maximum 500 mg) Oral 5 days IIaB


or


Clarithromycin 15 mg/kg per day divided BID (maximum 250 mg BID) Oral 10 days IIaB


Rating indicates classification of recommendation and LOE (eg, IB indicates class I, LOE B); BID, twice per day.
*For other acceptable alternatives, see text. The following are not acceptable: sulfonamides, trimethoprim, tetracyclines, and fluoroquinolones.
†To be avoided in those with immediate (type I) hypersensitivity to a penicillin.
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in Table 2 have been given class I, LOE A ratings. Penicillin
has a narrow spectrum of activity, long-standing proven
efficacy, and is an inexpensive regimen. GAS resistant to
penicillin have never been documented. Penicillin may be
administered intramuscularly or orally depending on the
physician’s assessment of the patient’s likely adherence to an
oral regimen and the risks of rheumatic fever in a particular
population. Even when started as long as 9 days after the
onset of acute illness, penicillin effectively prevents primary
attacks of rheumatic fever.31 Therefore, a 24- to 48-hour
delay to process the throat culture before antibiotic therapy is
started does not increase the risk of rheumatic fever. How-
ever, early diagnosis (eg, by rapid antigen test) and therapy
may reduce the period of infectivity and morbidity, which
would allow the patient to return to normal activity sooner.
Patients are considered no longer contagious after 24 hours of
antibiotic therapy.32


Oral Penicillins
The oral antibiotics of choice are penicillin V and amoxicillin
(Table 2). Comparative clinical trials used penicillin V
dosages of 40 mg/kg (not to exceed 750 mg for those
weighing �27 kg) per 24 hours, given in 3 equally divided
doses. Generally, 250 mg 2 times daily is recommended for
most children (Class I, LOE B).33,34 Little information is
available about comparable penicillin doses in adults. A dose
of 500 mg 2 to 3 times daily is recommended for adolescents
and adults (Class I, LOE B). All patients should continue to
take penicillin regularly for an entire 10-day period, even
though they likely will be asymptomatic after the first few
days (Class I, LOE A). Penicillin V is preferred to penicillin
G because it is more resistant to gastric acid. An oral,
time-released formulation of amoxicillin (Moxatag; Middle-
Brook Pharmaceuticals, Westlake, Tex) was recently ap-
proved by the US Food and Drug Administration for once-
daily therapy of GAS pharyngitis in those 12 years of age and
older. In comparative clinical trials, once-daily amoxicillin
(50 mg/kg, maximum 1000 mg) for 10 days has been shown
to be effective for GAS pharyngitis (Class I, LOE B).35–38


This somewhat broader-spectrum agent has the advantage of
once-daily dosing, which may enhance adherence, and is
relatively inexpensive, and amoxicillin suspension is consid-
erably more palatable than penicillin V suspension.


Intramuscular Benzathine Penicillin G
Benzathine penicillin G should be considered particularly for
patients who are unlikely to complete a 10-day course of oral
therapy and for patients with personal or family histories of
rheumatic fever or rheumatic heart disease or environmental
factors (such as crowded living conditions or low socioeco-
nomic status) that place them at enhanced risk for rheumatic
fever (Class IIa, LOE B).39–42 Benzathine penicillin G
(Bicillin L-A; King Pharmaceuticals, Bristol, Tenn) should be
given as a single injection in a large muscle mass. This
formulation is painful; injections that contain procaine peni-
cillin in addition to benzathine penicillin G (Bicillin C-R) are
less painful. Less discomfort is associated with intramuscular
benzathine penicillin G if the medication is warmed to room
temperature before administration.


The recommended dosage of benzathine penicillin G is
600 000 U IM for patients who weigh 27 kg (60 lb) or less
and 1 200 000 U for patients who weigh more than 27 kg. The
combination of 900 000 U of benzathine penicillin G and
300 000 U of procaine penicillin G (Bicillin C-R 900/300) is
satisfactory therapy for most smaller children.43 The efficacy
of this combination for heavier patients such as large teen-
agers or adults requires further study.


Allergic reactions to penicillin are more common in adults
than in children. Reactions occur in only a small percentage
of patients, are more frequent after injection, and include
urticaria and angioneurotic edema. A serum sickness–like
reaction characterized by fever and joint pain may be mis-
taken for acute rheumatic fever. Anaphylaxis is rare, espe-
cially in children. A careful history regarding allergic reac-
tions to penicillin should be obtained.


Other Antimicrobial Agents


Oral Cephalosporins
A 10-day course of a narrow-spectrum oral cephalosporin is
recommended for most penicillin-allergic individuals (Class
I, LOE B). Several reports indicate that a l0-day course with
an oral cephalosporin is superior to 10 days of oral penicillin
in eradicating GAS from the pharynx.44–47 Analysis of these
data suggest that the difference in eradication is due mainly to
a higher rate of eradication of carriers included unintention-
ally in these clinical trials. Narrow-spectrum cephalosporins
such as cefadroxil or cephalexin are much preferred to
broad-spectrum cephalosporins such as cefaclor, cefuroxime,
cefixime, cefdinir, and cefpodoxime. Some penicillin-allergic
persons (up to 10%) are also allergic to cephalosporins, and
these agents should not be used in patients with immediate
(anaphylactic-type) hypersensitivity to penicillin.48


Most oral broad-spectrum cephalosporins are considerably
more expensive than penicillin or amoxicillin, and the former
agents are more likely to select for antibiotic-resistant flora.
Other reports suggest that a 5-day course with selected oral
broad-spectrum cephalosporins is comparable to a 10-day
course of oral penicillin in eradicating GAS from the phar-
ynx.49–52 Some of these regimens are not currently approved
by the Food and Drug Administration, and further studies are
warranted to expand and confirm these observations before
these shorter-course regimens can be recommended.


Oral Clindamycin
Clindamycin resistance among GAS isolates in the United
States is �1%, and this is a reasonable agent for treating
penicillin-allergic patients (Class IIa, LOE B; Table 2).


Macrolides
The use of an oral macrolide (erythromycin or clarithromy-
cin) or azalide (azithromycin) is reasonable for patients
allergic to penicillins (Class IIa, LOE B). Ten days of
therapy is indicated, except for azithromycin, which is given
for 5 days (Table 2). Macrolides (erythromycin and clarithro-
mycin), and to a much lesser extent azalides (azithromycin),
can cause prolongation of the QT interval in a dose-
dependent manner. Because macrolides are metabolized ex-
tensively by cytochrome P-450 3A, they should not be taken
concurrently with inhibitors of cytochrome P-450 3A such as
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azole antifungal agents, HIV protease inhibitors, and some
selective serotonin reuptake inhibitor antidepressants.53,54


Erythromycin might be considered but is associated with
substantially higher rates of gastrointestinal side effects than
the other agents (Class IIb, LOE B). Strains of GAS resistant
to these agents have been highly prevalent in some areas of
the world, which has resulted in treatment failures.55 In recent
years, macrolide resistance rates among pharyngeal isolates
in most areas of the United States have been approximately
5% to 8%.56


Other Considerations
Studies suggesting that �-lactamase–producing upper respi-
ratory tract flora may interfere with penicillin in the treatment
of GAS pharyngitis have not been confirmed.57 Antibiotic
therapy directed against these organisms remains controver-
sial and is not indicated in patients with acute pharyngitis
(Class III, LOE B).


Certain antimicrobials are not recommended for treatment of
group A streptococcal upper respiratory tract infections. Tetra-
cyclines should not be used because of the high prevalence of
resistant strains (Class III, LOE B). Sulfonamides and
trimethoprim-sulfamethoxazole do not eradicate GAS in patients
with pharyngitis and should not be used to treat active infections
(Class III, LOE B).58 Older fluoroquinolones (eg, ciprofloxa-
cin) have limited activity against GAS and should not be used to
treat GAS pharyngitis (Class III, LOE B).59 Newer fluoro-
quinolones (eg, levofloxacin, moxifloxacin) are active in vitro
against GAS but are expensive and have an unnecessarily broad
spectrum of activity, and therefore, they are not recommended
for routine treatment of GAS pharyngitis (Class III, LOE B).60


Other Treatment Recommendations


Follow-Up Throat Cultures
The majority of patients with GAS pharyngitis respond
clinically to antimicrobial therapy, and GAS are eradicated
from the pharynx.61 Posttreatment throat cultures 2 to 7 days
after completion of therapy are indicated only in the relatively
few patients who remain symptomatic, whose symptoms
recur, or who have had rheumatic fever and are therefore at
unusually high risk for recurrence (Class I, LOE C).


Treatment Failures
Failure to eradicate GAS from the throat occurs more
frequently after the administration of oral penicillin than after
the administration of intramuscular benzathine penicillin G.62


Repeated courses of antibiotic therapy are rarely indicated in
asymptomatic patients who continue to harbor GAS after
appropriate therapy (Class IIb, LOE C). Many patients in
whom treatment fails are chronic carriers who have pro-
longed periods of GAS colonization.63 A second course of
therapy in asymptomatic individuals should be considered
only for those with previous rheumatic fever themselves or in
members of their families. Symptomatic individuals who
continue to harbor GAS in their pharynx after completion of
a course of therapy can be retreated with the same antimi-
crobial agent, given an alternative oral agent, or given an
intramuscular dose of benzathine penicillin G, especially if poor
adherence to oral therapy is likely; however, expert opinions


differ about the most appropriate therapy in this situation (Class
II, LOE C). Agents such as a narrow-spectrum cephalosporin,
clindamycin, or amoxicillin–clavulanic acid, or the combination
of penicillin with rifampin, are reasonable in the treatment of
patients with GAS pharyngitis in whom initial penicillin treat-
ment has failed (Class IIa, LOE B).


Carriers
Chronic streptococcal carriers (defined as individuals with
positive throat cultures for GAS without clinical findings or
immunologic response to GAS antigens) usually do not need
to be identified or treated with antibiotics.18 Streptococcal
carriage may persist for many months, and a difficult diag-
nostic problem arises when symptomatic upper respiratory
tract viral infections develop in carriers. Because it is impos-
sible in that setting to distinguish carriers from infected
individuals, a single course of appropriate antibiotic therapy
should be administered to any patient with acute pharyngitis and
evidence of GAS by a throat swab culture or an antigen detection
test (Class I, LOE C). Streptococcal carriers appear to be at little
risk for development of rheumatic fever. In general, chronic
carriers are thought not to be important in the spread of GAS to
individuals who live and work around them.18


Non-GAS Pharyngitis
Both group C and group G �-hemolytic streptococci can
cause acute pharyngitis with clinical features similar to those
of GAS pharyngitis. Group C streptococci are a relatively
common cause of acute pharyngitis among college students
and among adults who go to an emergency department for
treatment.64,65 Acute rheumatic fever has not been described
as a complication of either group C or group G streptococcal
pharyngitis; therefore, the primary reason to identify either
group C or group G streptococcus as the cause of acute
pharyngitis is to initiate antimicrobial therapy that may
mitigate the clinical course of the infection. However, there is
currently no convincing evidence from controlled studies of
clinical response to antimicrobial therapy in patients with
acute pharyngitis and either group C or group G streptococ-
cus isolated from their pharynx.


Prevention of Recurrent Attacks of Rheumatic
Fever (Secondary Prevention)


General Considerations
An individual with a previous attack of rheumatic fever in
whom GAS pharyngitis develops is at high risk for a
recurrent attack of rheumatic fever. A recurrent attack can be
associated with worsening of the severity of rheumatic heart
disease that developed after a first attack, or less frequently
with the new onset of rheumatic heart disease in individuals
who did not develop cardiac manifestations during the first
attack. Prevention of recurrent episodes of GAS pharyngitis is
the most effective method to prevent the development of
severe rheumatic heart disease. A GAS infection need not be
symptomatic to trigger a recurrence. Furthermore, rheumatic
fever recurrence can occur even when a symptomatic infec-
tion is treated optimally. For these reasons, prevention of
recurrent rheumatic fever (secondary prophylaxis) requires
continuous antimicrobial prophylaxis rather than recognition
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and treatment of acute episodes of streptococcal pharyngitis.
Continuous prophylaxis is recommended for patients with
well-documented histories of rheumatic fever (including
cases manifested solely by Sydenham chorea) and those with
definite evidence of rheumatic heart disease (Class I, LOE
A). Such prophylaxis should be initiated as soon as acute
rheumatic fever or rheumatic heart disease is diagnosed. A
full therapeutic course of penicillin (as outlined in Table 2)
first should be given to patients with acute rheumatic fever to
eradicate residual GAS, even if a throat culture is negative at
that time. Streptococcal infections that occur in family
members of patients with current or previous rheumatic fever
should be treated promptly (Class I, LOE B).


Duration of Prophylaxis
Continuous antimicrobial prophylaxis provides the most effec-
tive protection from rheumatic fever recurrences. Risk of recur-
rence depends on several factors. Risk increases with multiple
previous attacks, whereas the risk decreases as the interval since
the most recent attack lengthens.4,6,66 In addition, the likelihood
of acquiring a GAS upper respiratory tract infection is an
important consideration. Individuals with increased exposure to
streptococcal infections include children and adolescents, par-
ents of young children, teachers, physicians, nurses and allied
health personnel in contact with children, military recruits, and
others living in crowded situations (eg, college dormitories). A
higher risk of recurrences in economically disadvantaged popu-
lations has been demonstrated.39,67


Physicians must consider each individual situation when
determining the appropriate duration of prophylaxis. In
addition to the risk factors for recurrence described above,
the presence of rheumatic heart disease also needs to be


taken into consideration. The committee’s recommenda-
tions are given in Table 3. The duration of prophylaxis
depends on whether residual heart damage (valvular dis-
ease) is present or absent. Patients who have had rheumatic
carditis, with or without valvular disease, are at a relatively
high risk for recurrences of carditis and are likely to
sustain increasingly severe cardiac involvement with each
recurrence.5,6,68 Therefore, patients who have had rheu-
matic carditis should receive long-term antibiotic prophy-
laxis well into adulthood and perhaps for life (Class I,
LOE C). For patients with persistent valvular disease, the
committee recommends prophylaxis for 10 years after the
last episode of acute rheumatic fever or until 40 years of
age (whichever is longer). After that time, the severity of
the valvular disease and the potential for exposure to GAS
should be discussed, and continued prophylaxis (poten-
tially lifelong) should be considered for high-risk patients.
Prophylaxis should continue even after valve surgery,
including prosthetic valve replacement. For patients with-
out persistent valvular disease, prophylaxis should con-
tinue for 10 years or until the patient is 21 years of age,
whichever is longer (Class I, LOE C).


Patients who have had rheumatic fever without rheu-
matic carditis are also at risk for cardiac involvement with
recurrences, although the risk is lower. In general, prophy-
laxis should continue in these patients until the patient
reaches 21 years of age or until 5 years has elapsed since
the last rheumatic fever attack, whichever is longer (Class
I, LOE C). In all situations, the decision to discontinue
prophylaxis or to reinstate it should be made after discus-
sion with the patient of the potential risks and benefits and
careful consideration of the epidemiological risk factors
enumerated above.


Choice of Regimen for Prevention of Recurrent
Rheumatic Fever


Intramuscular Benzathine Penicillin G (Bicillin L-A)
An injection of 1 200 000 U of this long-acting penicillin
preparation every 4 weeks is the recommended regimen for
secondary prevention in most circumstances in the United
States (Class I, LOE A; Table 4). In populations in which
the incidence of rheumatic fever is particularly high, the
administration of benzathine penicillin G every 3 weeks is
justified and recommended, because serum drug levels
may fall below a protective level before the fourth week
after administration of this dose of penicillin (Class I,


Table 3. Duration of Secondary Rheumatic Fever Prophylaxis


Category Duration After Last Attack Rating


Rheumatic fever with carditis
and residual heart disease
(persistent valvular disease*)


10 years or until 40 years of age
(whichever is longer), sometimes


lifelong prophylaxis (see text)


IC


Rheumatic fever with carditis
but no residual heart disease
(no valvular disease*)


10 years or until 21 years of age
(whichever is longer)


IC


Rheumatic fever without
carditis


5 years or until 21 years of age
(whichever is longer)


IC


Rating indicates classification of recommendation and LOE (eg, IC indicates
class I, LOE C).


*Clinical or echocardiographic evidence.


Table 4. Secondary Prevention of Rheumatic Fever (Prevention of Recurrent Attacks)


Agent Dose Mode Rating


Benzathine penicillin G 600 000 U for children �27 kg (60 lb), 1 200 000 U for those �27 kg
(60 lb) every 4 wk*


Intramuscular IA


Penicillin V 250 mg twice daily Oral IB


Sulfadiazine 0.5 g once daily for patients �27 kg (60 lb), 1.0 g once daily for patients
�27 kg (60 lb)


Oral IB


For individuals allergic to penicillin and sulfadiazine


Macrolide or azalide Variable Oral IC


Rating indicates classification of recommendation and LOE (eg, IA indicates class I, LOE A).
*In high-risk situations, administration every 3 weeks is justified and recommended. See discussion of high-risk situations in the text.
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LOE A).69,70 In the United States, the administration of
benzathine penicillin G every 3 weeks is recommended only for
those who have recurrent acute rheumatic fever despite adher-
ence to an every-4-week regimen (Class I, LOE C). Long-
acting penicillin is of particular value in patients with a high risk
of rheumatic fever recurrence, especially those with rheumatic
heart disease, in whom the consequences of recurrence may be
serious. The advantages of benzathine penicillin G must be
weighed against the inconvenience to the patient and the pain of
injection, which causes some individuals to discontinue prophy-
laxis. Although there has been concern about the risk of serious
allergic reactions in patients receiving long-term intramuscular
benzathine penicillin G prophylaxis for rheumatic fever, a large,
international, prospective study determined that life-threatening
allergic reactions are rare in these patients.71 It has been
demonstrated that the long-term benefits of such prophylaxis far
outweigh the risk of serious allergic reactions.


Oral Agents
Successful oral prophylaxis depends primarily on patient
adherence to prescribed regimens (compliance). Patients need
careful and repeated instructions about the importance of
continuing prophylaxis. Most failures of prophylaxis occur in
nonadherent patients. Even with optimal patient adherence,
the risk of recurrence is higher in individuals receiving oral
prophylaxis than in those receiving intramuscular benzathine
penicillin G.62 Oral agents are more appropriate for patients at
lower risk for rheumatic fever recurrence. Accordingly, some
physicians may consider switching patients to oral prophy-
laxis when they have reached late adolescence or young
adulthood and have remained free of rheumatic attacks for at
least 5 years (Class IIb, LOE C).


Penicillin V
The recommended oral agent is penicillin V (Class I, LOE
B). The dosage for children and adults is 250 mg twice daily
(Table 4). There are no published data about the use of other
penicillins, macrolides, azalides, or cephalosporins for the
secondary prevention of rheumatic fever.


Sulfadiazine
For patients allergic to penicillin, sulfadiazine is recom-
mended (Class I, LOE B). Although sulfonamides are not
effective in the eradication of GAS, they do prevent infection.
The recommended dose of sulfadiazine is 0.5 g once per day
for patients weighing 27 kg (60 lb) or less and 1 g once per
day for patients weighing �27 kg. Sulfadiazine and sulfisox-
azole appear to be equivalent; therefore, the use of sulfisox-
azole is acceptable on the basis of extrapolation from data
demonstrating that sulfadiazine has proven effectiveness in
secondary prophylaxis (Class IIa, LOE C). The recom-
mended dose of sulfisoxazole is the same as that for sulfadia-
zine. Sulfonamide prophylaxis is contraindicated in late preg-
nancy because of transplacental passage of the drugs and
potential competition with bilirubin for albumin-binding sites.


Macrolides
For the patient who is allergic to both penicillin and sulfisox-
azole, an oral macrolide (erythromycin or clarithromycin) or
azalide (azithromycin) is recommended (Class I, LOE C).
Macrolides (erythromycin and clarithromycin), and to a much


lesser extent azalides (azithromycin), can cause prolongation
of the QT interval in a dose-dependent manner. Because
macrolides are metabolized extensively by cytochrome P-450
3A, they should not be taken concurrently with inhibitors of
cytochrome P-450 3A such as azole antifungal agents, HIV
protease inhibitors, and some selective serotonin reuptake
inhibitor antidepressants.53,54


Bacterial Endocarditis Prophylaxis
The AHA has recently published updated recommenda-
tions regarding the use of prophylactic antibiotics to
prevent infective endocarditis.72 Because of the lack of
published evidence indicating that the principle of prophy-
laxis is definitively valid as it has been applied to infective
endocarditis prevention, the value of infective endocarditis
prophylaxis has been called into question by the AHA, as
well as by other international scientific bodies.73 However,
the AHA and others continue to recognize that certain
conditions, such as patients with prosthetic valves, those
with previous endocarditis, cardiac transplant recipients
who develop cardiac valvulopathy, and specific forms of
congenital heart disease, are associated with the highest
risk of adverse outcome from endocarditis, and given that
documented high risk, prophylaxis remains indicated.
Notably, the current AHA recommendations no longer
suggest prophylaxis for patients with rheumatic heart
disease. However, the maintenance of optimal oral health
care remains an important component of an overall health-
care program. For the relatively few patients with rheu-
matic heart disease in whom infective endocarditis pro-
phylaxis remains recommended, such as those with
prosthetic valves or prosthetic material used in valve
repair, the current AHA recommendations should be fol-
lowed.72 These recommendations advise the use of an
agent other than a penicillin to prevent infective endocar-
ditis in those receiving penicillin prophylaxis for rheu-
matic fever, because oral �-hemolytic streptococci are
likely to have developed resistance to penicillin.


Poststreptococcal Reactive Arthritis
The term “poststreptococcal reactive arthritis” (PSRA) was
first used in 1959 to describe an entity in patients who had
arthritis after an episode of GAS pharyngitis but lacked
other major criteria of acute rheumatic fever.74 Patients
with PSRA and with acute rheumatic fever have arthritis
that occurs after a symptom-free interval after an episode
of GAS pharyngitis. However, the arthritis of rheumatic
fever occurs 14 to 21 days after an episode of GAS
pharyngitis and responds rapidly to acetylsalicylic acid,
whereas PSRA occurs �10 days after the GAS pharyngitis
and does not respond readily to acetylsalicylic acid. In
addition, the arthritis of rheumatic fever is migratory and
transient and usually involves only the large joints,
whereas the arthritis of PSRA is cumulative and persistent
and can involve large joints, small joints, or the axial
skeleton. Although all patients with PSRA have serologi-
cal evidence of a recent GAS infection, no more than half
of these patients who have a throat culture performed have
GAS isolated. Because a small proportion of patients with
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PSRA have been reported to subsequently develop valvu-
lar heart disease,74,75 these patients should be observed
carefully for several months for clinical evidence of
carditis. Some experts recommend that these patients
receive secondary prophylaxis for up to 1 year after the
onset of their symptoms, but its effectiveness is not well
established (Class IIb, LOE C). If clinical evidence of
carditis is not observed, the prophylaxis can be discontin-
ued. If valvular disease is detected, the patient should be
classified as having had acute rheumatic fever and should
continue to receive secondary prophylaxis (Class I, LOE C).


The term PSRA subsequently has been used inconsistently
in the literature to refer to a variety of constellations of signs
and symptoms. Most of the information about PSRA is based
on case reports or small series.76 Although criteria have been
proposed to define a homogeneous syndrome,75 the case
reports of PSRA have been quite heterogeneous. It is still not
clear whether this entity represents a distinct syndrome or is
a manifestation of acute rheumatic fever.76 Investigations are
required to determine whether there is a true association
between reactive arthritis after GAS pharyngitis and acute
rheumatic fever and whether antimicrobial prophylaxis is
needed after PSRA.


Pediatric Autoimmune Neuropsychiatric Disorders
Associated With Streptococcal Infections
In 1998, investigators proposed the hypothesis that child-
hood obsessive-compulsive disorder and/or tics may arise


as a result of a poststreptococcal autoimmune process and
suggested the acronym PANDAS (pediatric autoimmune
neuropsychiatric disorders associated with streptococcal
infections).77 They proposed that a subset of patients with
obsessive-compulsive and tic disorders produce autoim-
mune responses that cross-react with brain tissue in re-
sponse to a GAS infection, similar to the autoimmune
response believed to be responsible for the manifestations
of Sydenham chorea (a major manifestation of acute
rheumatic fever). If this were correct, secondary prophy-
laxis that prevents recurrences of Sydenham chorea might
also be effective in preventing recurrences of obsessive-
compulsive and tic disorders in these patients. Because of
the proposed autoimmune mechanism, it has also been
suggested that these patients may benefit from immuno-
regulatory therapy such as plasma exchange or intravenous
immunoglobulin infusions.


The PANDAS hypothesis has stimulated considerable
research, as well as considerable controversy. The current
state of knowledge dictates that the concept of PANDAS
should be considered only as a yet-unproven hypothesis.78,79


Until carefully designed and well-controlled studies have
established a causal relationship between PANDAS and GAS
infections, the committee does not recommend routine labo-
ratory testing for GAS to diagnose, long-term antistreptococ-
cal prophylaxis to prevent, or immunoregulatory therapy (eg,
intravenous immunoglobulin, plasma exchange) to treat ex-
acerbations of this disorder (Class III, LOE B).
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CLINICAL PRACTICE GUIDELINE


Urinary Tract Infection: Clinical Practice Guideline for
the Diagnosis and Management of the Initial UTI in
Febrile Infants and Children 2 to 24 Months


abstract
OBJECTIVE: To revise the American Academy of Pediatrics practice
parameter regarding the diagnosis and management of initial urinary
tract infections (UTIs) in febrile infants and young children.


METHODS: Analysis of the medical literature published since the last
version of the guidelinewas supplemented by analysis of data provided
by authors of recent publications. The strength of evidence supporting
each recommendation and the strength of the recommendation were
assessed and graded.


RESULTS: Diagnosis is made on the basis of the presence of both
pyuria and at least 50 000 colonies per mL of a single uropathogenic
organism in an appropriately collected specimen of urine. After 7 to 14
days of antimicrobial treatment, close clinical follow-up monitoring
should be maintained to permit prompt diagnosis and treatment of
recurrent infections. Ultrasonography of the kidneys and bladder
should be performed to detect anatomic abnormalities. Data from the
most recent 6 studies do not support the use of antimicrobial prophy-
laxis to prevent febrile recurrent UTI in infants without vesicoureteral
reflux (VUR) or with grade I to IV VUR. Therefore, a voiding cystoure-
thrography (VCUG) is not recommended routinely after the first UTI;
VCUG is indicated if renal and bladder ultrasonography reveals hydro-
nephrosis, scarring, or other findings that would suggest either high-
grade VUR or obstructive uropathy and in other atypical or complex
clinical circumstances. VCUG should also be performed if there is a
recurrence of a febrile UTI. The recommendations in this guideline do
not indicate an exclusive course of treatment or serve as a standard of
care; variations may be appropriate. Recommendations about antimi-
crobial prophylaxis and implications for performance of VCUG are
based on currently available evidence. As with all American Academy of
Pediatrics clinical guidelines, the recommendations will be reviewed
routinely and incorporate new evidence, such as data from the Ran-
domized Intervention for Children With Vesicoureteral Reflux (RIVUR)
study.


CONCLUSIONS: Changes in this revision include criteria for the diag-
nosis of UTI and recommendations for imaging. Pediatrics 2011;128:
595–610
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INTRODUCTION
Since the early 1970s, occult bactere-
mia has been the major focus of con-
cern for clinicians evaluating febrile
infants who have no recognizable
source of infection. With the introduc-
tion of effective conjugate vaccines
against Haemophilus influenzae type
b and Streptococcus pneumoniae
(which have resulted in dramatic de-
creases in bacteremia and meningi-
tis), there has been increasing appre-
ciation of the urinary tract as the most
frequent site of occult and serious bac-
terial infections. Because the clinical
presentation tends to be nonspecific in
infants and reliable urine specimens
for culture cannot be obtained without
invasive methods (urethral cathe-
terization or suprapubic aspiration
[SPA]), diagnosis and treatment may
be delayed. Most experimental and
clinical data support the concept that
delays in the institution of appropriate
treatment of pyelonephritis increase
the risk of renal damage.1,2


This clinical practice guideline is a re-
vision of the practice parameter pub-
lished by the American Academy of
Pediatrics (AAP) in 1999.3 It was devel-
oped by a subcommittee of the Steer-
ing Committee on Quality Improvement
and Management that included physi-
cians with expertise in the fields of ac-
ademic general pediatrics, epidemiol-
ogy and informatics, pediatric
infectious diseases, pediatric nephrol-
ogy, pediatric practice, pediatric radi-
ology, and pediatric urology. The AAP
funded the development of this guide-
line; none of the participants had any
financial conflicts of interest. The
guideline was reviewed by multiple
groups within the AAP (7 committees, 1
council, and 9 sections) and 5 external
organizations in the United States and
Canada. The guideline will be reviewed
and/or revised in 5 years, unless new
evidence emerges that warrants revi-
sion sooner. The guideline is intended


for use in a variety of clinical settings
(eg, office, emergency department, or
hospital) by clinicians who treat in-
fants and young children. This text is a
summary of the analysis. The data on
which the recommendations are
based are included in a companion
technical report.4


Like the 1999 practice parameter, this
revision focuses on the diagnosis and
management of initial urinary tract in-
fections (UTIs) in febrile infants and
young children (2–24 months of age)
who have no obvious neurologic or an-
atomic abnormalities known to be as-
sociated with recurrent UTI or renal
damage. (For simplicity, in the remain-
der of this guideline the phrase “fe-
brile infants” is used to indicate febrile
infants and young children 2–24
months of age.) The lower and upper
age limits were selected because stud-
ies on infants with unexplained fever
generally have used these age limits
and have documented that the preva-
lence of UTI is high (�5%) in this age
group. In those studies, fever was de-
fined as temperature of at least 38.0°C
(�100.4°F); accordingly, this definition
of fever is used in this guideline. Ne-
onates and infants less than 2
months of age are excluded, because
there are special considerations in
this age group that may limit the ap-
plication of evidence derived from
the studies of 2- to 24-month-old chil-
dren. Data are insufficient to deter-
mine whether the evidence gener-
ated from studies of infants 2 to 24
months of age applies to children
more than 24 months of age.


METHODS


To provide evidence for the guideline, 2
literature searches were conducted,
that is, a surveillance of Medline-listed
literature over the past 10 years for
significant changes since the guideline
was published and a systematic re-
view of the literature on the effective-


ness of prophylactic antimicrobial
therapy to prevent recurrence of fe-
brile UTI/pyelonephritis in children
with vesicoureteral reflux (VUR). The
latter was based on the new and grow-
ing body of evidence questioning the
effectiveness of antimicrobial prophy-
laxis to prevent recurrent febrile UTI in
children with VUR. To explore this par-
ticular issue, the literature search was
expanded to include trials published
since 1993 in which antimicrobial pro-
phylaxis was compared with no treat-
ment or placebo treatment for chil-
dren with VUR. Because all except 1 of
the recent randomized controlled tri-
als (RCTs) of the effectiveness of pro-
phylaxis included children more than
24 months of age and some did not
provide specific data according to
grade of VUR, the authors of the 6 RCTs
were contacted; all provided raw data
from their studies specifically ad-
dressing infants 2 to 24 months of age,
according to grade of VUR. Meta-
analysis of these data was performed.


Results from the literature searches
and meta-analyses were provided to
committee members. Issues were
raised and discussed until consensus
was reached regarding recommenda-
tions. The quality of evidence support-
ing each recommendation and the
strength of the recommendation were
assessed by the committee member
most experienced in informatics and
epidemiology and were graded ac-
cording to AAP policy5 (Fig 1).


The subcommittee formulated 7 rec-
ommendations, which are presented
in the text in the order in which a clini-
cian would use them when evaluating
and treating a febrile infant, as well as
in algorithm form in the Appendix. This
clinical practice guideline is not in-
tended to be a sole source of guidance
for the treatment of febrile infants with
UTIs. Rather, it is intended to assist clini-
cians in decision-making. It is not in-
tended to replace clinical judgment or to
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establish an exclusive protocol for the
care of all children with this condition.


DIAGNOSIS


Action Statement 1


If a clinician decides that a febrile
infant with no apparent source for
the fever requires antimicrobial
therapy to be administered be-
cause of ill appearance or another
pressing reason, the clinician
should ensure that a urine speci-
men is obtained for both culture
and urinalysis before an antimicro-
bial agent is administered; the
specimen needs to be obtained
through catheterization or SPA, be-
cause the diagnosis of UTI cannot
be established reliably through cul-
ture of urine collected in a bag
(evidence quality: A; strong
recommendation).


When evaluating febrile infants, clini-
ciansmake a subjective assessment of
the degree of illness or toxicity, in ad-
dition to seeking an explanation for the
fever. This clinical assessment deter-
mines whether antimicrobial therapy
should be initiated promptly and af-
fects the diagnostic process regarding
UTI. If the clinician determines that the
degree of illness warrants immediate
antimicrobial therapy, then a urine
specimen suitable for culture should
be obtained through catheterization or
SPA before antimicrobial agents are


administered, because the antimicro-
bial agents commonly prescribed in
such situations would almost certainly
obscure the diagnosis of UTI.


SPA has been considered the standard
method for obtaining urine that is un-
contaminated by perineal flora. Vari-
able success rates for obtaining urine
have been reported (23%–90%).6–8


When ultrasonographic guidance is
used, success rates improve.9,10 The
technique has limited risks, but tech-
nical expertise and experience are
required, and many parents and phy-
sicians perceive the procedure as
unacceptably invasive, compared
with catheterization. However, there
may be no acceptable alternative to
SPA for boys with moderate or se-
vere phimosis or girls with tight la-
bial adhesions.


Urine obtained through catheteriza-
tion for culture has a sensitivity of 95%
and a specificity of 99%, compared
with that obtained through SPA.7,11,12


The techniques required for catheter-
ization and SPA are well described.13


When catheterization or SPA is being
attempted, the clinician should have a
sterile container ready to collect a
urine specimen, because the prepara-
tion for the procedure may stimulate
the child to void. Whether the urine is
obtained through catheterization or is
voided, the first few drops should be
allowed to fall outside the sterile con-


tainer, because they may be contami-
nated by bacteria in the distal urethra.


Cultures of urine specimens collected
in a bag applied to the perineum have
an unacceptably high false-positive
rate and are valid only when they yield
negative results.6,14–16 With a preva-
lence of UTI of 5% and a high rate of
false-positive results (specificity:
�63%), a “positive” culture result for
urine collected in a bag would be a
false-positive result 88% of the time.
For febrile boys, with a prevalence of
UTI of 2%, the rate of false-positive re-
sults is 95%; for circumcised boys,
with a prevalence of UTI of 0.2%, the
rate of false-positive results is 99%.
Therefore, in cases in which antimicro-
bial therapy will be initiated, catheter-
ization or SPA is required to establish
the diagnosis of UTI.


● Aggregate quality of evidence: A (diag-
nostic studies on relevant populations).


● Benefits: A missed diagnosis of UTI
can lead to renal scarring if left un-
treated; overdiagnosis of UTI can
lead to overtreatment and unneces-
sary and expensive imaging. Once an-
timicrobial therapy is initiated, theop-
portunity to make a definitive
diagnosis is lost; multiple studies of
antimicrobial therapy have shown
that the urine may be rapidly
sterilized.


● Harms/risks/costs: Catheterization
is invasive.


● Benefit-harms assessment: Prepon-
derance of benefit over harm.


● Value judgments: Once antimicro-
bial therapy has begun, the opportu-
nity to make a definitive diagnosis is
lost. Therefore, it is important to
have the most-accurate test for UTI
performed initially.


● Role of patient preferences: There is
no evidence regarding patient pref-
erences for bag versus catheterized
urine. However, bladder tap has


FIGURE 1
AAP evidence strengths.
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been shown to be more painful than
urethral catheterization.


● Exclusions: None.


● Intentional vagueness: The basis of
the determination that antimicro-
bial therapy is needed urgently is
not specified, because variability in
clinical judgment is expected; con-
siderations for individual patients,
such as availability of follow-up
care, may enter into the decision,
and the literature provides only gen-
eral guidance.


● Policy level: Strong recommendation.


Action Statement 2


If a clinician assesses a febrile infant
with no apparent source for the fever
as not being so ill as to require imme-
diate antimicrobial therapy, then the
clinicianshouldassessthelikelihoodof
UTI (see below for how to assess
likelihood).


Action Statement 2a


If the clinician determines the febrile
infant to have a low likelihood of UTI
(see text), then clinical follow-up
monitoring without testing is suffi-
cient (evidence quality: A; strong
recommendation).


Action Statement 2b


If the clinician determines that the
febrile infant is not in a low-risk
group (see below), then there are 2
choices (evidence quality: A; strong
recommendation). Option 1 is to ob-
tain a urine specimen through cath-
eterization or SPA for culture and
urinalysis. Option 2 is to obtain a
urine specimen through the most
convenient means and to perform a
urinalysis. If the urinalysis results
suggest a UTI (positive leukocyte
esterase test results or nitrite test
or microscopic analysis results
positive for leukocytes or bacte-
ria), then a urine specimen should


be obtained through catheteriza-
tion or SPA and cultured; if urinaly-
sis of fresh (<1 hour since void)
urine yields negative leukocyte es-
terase and nitrite test results, then
it is reasonable to monitor the clin-
ical course without initiating anti-
microbial therapy, recognizing that
negative urinalysis results do not
rule out a UTI with certainty.


If the clinician determines that the de-
gree of illness does not require imme-
diate antimicrobial therapy, then the
likelihood of UTI should be assessed.
As noted previously, the overall preva-
lence of UTI in febrile infants who have
no source for their fever evident on the
basis of history or physical examina-
tion results is approximately 5%,17,18


but it is possible to identify groups
with higher-than-average likelihood
and some with lower-than-average
likelihood. The prevalence of UTI
among febrile infant girls is more than
twice that among febrile infant boys
(relative risk: 2.27). The rate for uncir-
cumcised boys is 4 to 20 times higher
than that for circumcised boys, whose
rate of UTI is only 0.2% to 0.4%.19–24 The
presence of another, clinically obvious
source of infection reduces the likeli-
hood of UTI by one-half.25


In a survey asking, “What yield is re-
quired to warrant urine culture in fe-
brile infants?,” the threshold was less


than 1% for 10.4% of academicians and
11.7% for practitioners26; when the
threshold was increased to 1% to 3%,
67.5% of academicians and 45.7% of
practitioners considered the yield suf-
ficiently high to warrant urine culture.
Therefore, attempting to operational-
ize “low likelihood” (ie, below a thresh-
old that warrants a urine culture) does
not produce an absolute percentage;
clinicians will choose a threshold de-
pending on factors such as their confi-
dence that contact will be maintained
through the illness (so that a specimen
canbeobtainedat a later time) andcom-
fort with diagnostic uncertainty. Fig 2 in-
dicates the number of risk factors as-
sociated with threshold probabilities
of UTI of at least 1% and at least 2%.


In a series of studies, Gorelick, Shaw,
and colleagues27–29 derived and vali-
dated a prediction rule for febrile in-
fant girls on the basis of 5 risk factors,
namely, white race, age less than 12
months, temperature of at least 39°C,
fever for at least 2 days, and absence
of another source of infection. This
prediction rule, with sensitivity of
88% and specificity of 30%, permits
some infant girls to be considered in
a low-likelihood group (Fig 2). For ex-
ample, of girls with no identifiable
source of infection, those who are non-
white and more than 12 months of age
with a recent onset (�2 days) of low-


FIGURE 2
Probability of UTI Among Febrile Infant Girls28 and Infant Boys30 According to Number of Findings
Present. aProbability of UTI exceeds 1% even with no risk factors other than being uncircumcised.
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grade fever (�39°C) have less than a
1% probability of UTI; each additional
risk factor increases the probability. It
should be noted, however, that some
of the factors (eg, duration of fever)
may change during the course of the
illness, excluding the infant from a
low-likelihood designation and
prompting testing as described in
action statement 2a.


As demonstrated in Fig 2, the major
risk factor for febrile infant boys is
whether they are circumcised. The prob-
ability of UTI can be estimated on the ba-
sis of 4 risk factors, namely, nonblack
race, temperature of at least 39°C, fever
for more than 24 hours, and absence of
another source of infection.4,30


If the clinician determines that the in-
fant does not require immediate anti-
microbial therapy and a urine speci-
men is desired, then often a urine
collection bag affixed to the perineum
is used. Many clinicians think that this
collection technique has a low contam-
ination rate under the following cir-
cumstances: the patient’s perineum is
properly cleansed and rinsed before
application of the collection bag, the
urine bag is removed promptly after
urine is voided into the bag, and the
specimen is refrigerated or processed
immediately. Even if contamination
from the perineal skin is minimized,
however, there may be significant con-
tamination from the vagina in girls or
the prepuce in uncircumcised boys,
the 2 groups at highest risk of UTI. A
“positive” culture result from a speci-
men collected in a bag cannot be used
to document a UTI; confirmation re-
quires culture of a specimen collected
through catheterization or SPA. Be-
cause there may be substantial delay
waiting for the infant to void and a sec-
ond specimen, obtained through cath-
eterization, may be necessary if the
urinalysis suggests the possibility of
UTI, many clinicians prefer to obtain a


definitive urine specimen through
catheterization initially.


● Aggregate quality of evidence: A (diag-
nostic studies on relevant populations).


● Benefits: Accurate diagnosis of UTI
can prevent the spread of infection
and renal scarring; avoiding overdi-
agnosis of UTI can prevent over-
treatment and unnecessary and ex-
pensive imaging.


● Harms/risks/costs: A small propor-
tion of febrile infants, considered at
low likelihood of UTI, will not receive
timely identification and treatment
of their UTIs.


● Benefit-harms assessment: Prepon-
derance of benefit over harm.


● Value judgments: There is a risk of
UTI sufficiently low to forestall fur-
ther evaluation.


● Role of patient preferences: The
choice of option 1 or option 2 and
the threshold risk of UTI warranting
obtaining a urine specimen may be
influenced by parents’ preference
to avoid urethral catheterization (if
a bag urine sample yields negative
urinalysis results) versus timely
evaluation (obtaining a definitive
specimen through catheterization).


● Exclusions: Because it depends on a
range of patient- and physician-
specific considerations, the precise
threshold risk of UTI warranting ob-
taining a urine specimen is left to
the clinician but is below 3%.


● Intentional vagueness: None.


● Policy level: Strong recommendation.


Action Statement 3


To establish the diagnosis of UTI,
clinicians should require both uri-
nalysis results that suggest infec-
tion (pyuria and/or bacteriuria)
and the presence of at least 50 000
colony-forming units (CFUs) per mL
of a uropathogen cultured from a
urine specimen obtained through
catheterization or SPA (evidence
quality: C; recommendation).


Urinalysis


General Considerations


Urinalysis cannot substitute for urine
culture to document the presence of
UTI but needs to be used in conjunction
with culture. Because urine culture re-
sults are not available for at least 24
hours, there is considerable interest
in tests that may predict the results of
the urine culture and enable presump-
tive therapy to be initiated at the first
encounter. Urinalysis can be per-
formed on any specimen, including
one collected from a bag applied to the
perineum. However, the specimen
must be fresh (�1 hour after voiding
with maintenance at room tempera-
ture or�4 hours after voiding with re-
frigeration), to ensure sensitivity and
specificity of the urinalysis. The tests
that have received the most atten-
tion are biochemical analyses of leu-
kocyte esterase and nitrite through a
rapid dipstick method and urine
microscopic examination for white
blood cells (WBCs) and bacteria
(Table 1).


TABLE 1 Sensitivity and Specificity of Components of Urinalysis, Alone and in Combination


Test Sensitivity (Range), % Specificity (Range), %


Leukocyte esterase test 83 (67–94) 78 (64–92)
Nitrite test 53 (15–82) 98 (90–100)
Leukocyte esterase or
nitrite test positive


93 (90–100) 72 (58–91)


Microscopy, WBCs 73 (32–100) 81 (45–98)
Microscopy, bacteria 81 (16–99) 83 (11–100)
Leukocyte esterase test,
nitrite test, or
microscopy positive


99.8 (99–100) 70 (60–92)
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Urine dipsticks are appealing, because
they provide rapid results, do not re-
quire microscopy, and are eligible for
a waiver under the Clinical Laboratory
Improvement Amendments. They indi-
cate the presence of leukocyte es-
terase (as a surrogate marker for
pyuria) and urinary nitrite (which is
converted from dietary nitrates in the
presence of most Gram-negative enteric
bacteria in the urine). The conversion of
dietary nitrates to nitrites by bacteria re-
quires approximately 4 hours in the
bladder.31 The performance characteris-
tics of both leukocyte esterase and ni-
trite tests vary according to the defini-
tion used for positive urine culture
results, the age and symptoms of the
population being studied, and the
method of urine collection.


Nitrite Test


A nitrite test is not a sensitive marker
for children, particularly infants, who
empty their bladders frequently.
Therefore, negative nitrite test results
have little value in ruling out UTI. More-
over, not all urinary pathogens reduce
nitrate to nitrite. The test is helpful
when the result is positive, however,
because it is highly specific (ie, there
are few false-positive results).32


Leukocyte Esterase Test


The sensitivity of the leukocyte es-
terase test is 94% when it used in the
context of clinically suspected UTI.
Overall, the reported sensitivity in var-
ious studies is lower (83%), because
the results of leukocyte esterase tests
were related to culture results without
exclusion of individuals with asymp-
tomatic bacteriuria. The absence of
leukocyte esterase in the urine of indi-
viduals with asymptomatic bacteriuria
is an advantage of the test, rather than
a limitation, because it distinguishes
individuals with asymptomatic bacte-
riuria from those with true UTI.


The specificity of the leukocyte es-
terase test (average: 72% [range:


64%–92%]) generally is not as good as
the sensitivity, which reflects the non-
specificity of pyuria in general. Accord-
ingly, positive leukocyte esterase test
results should be interpretedwith cau-
tion, because false-positive results are
common. With numerous conditions
other than UTI, including fever result-
ing from other conditions (eg, strepto-
coccal infections or Kawasaki dis-
ease), and after vigorous exercise,
WBCsmay be found in the urine. There-
fore, a finding of pyuria by no means
confirms that an infection of the uri-
nary tract is present.


The absence of pyuria in children with
true UTIs is rare, however. It is theoret-
ically possible if a febrile child is as-
sessed before the inflammatory re-
sponse has developed, but the
inflammatory response to a UTI pro-
duces both fever and pyuria; therefore,
children who are being evaluated be-
cause of fever should already have
WBCs in their urine. More likely expla-
nations for significant bacteriuria in
culture in the absence of pyuria in-
clude contaminated specimens, insen-
sitive criteria for pyuria, and asymp-
tomatic bacteriuria. In most cases,
when true UTI has been reported to oc-
cur in the absence of pyuria, the defi-
nition of pyuria has been at fault. The
standard method of assessing pyuria
has been centrifugation of the urine
and microscopic analysis, with a
threshold of 5 WBCs per high-power
field (�25 WBCs per �L). If a counting
chamber is used, however, the finding
of at least 10 WBCs per �L in uncentri-
fuged urine has been demonstrated to
be more sensitive33 and performs well
in clinical situations in which the stan-
dard method does not, such as with
very young infants.34


An important cause of bacteriuria in
the absence of pyuria is asymptomatic
bacteriuria. Asymptomatic bacteriuria
often is associated with school-aged
and older girls,35 but it can be present


during infancy. In a study of infants 2 to
24 months of age, 0.7% of afebrile girls
had 3 successive urine cultures with
105 CFUs per mL of a single uropatho-
gen.26 Asymptomatic bacteriuria can
be easily confused with true UTI in a
febrile infant but needs to be distin-
guished, because studies suggest that
antimicrobial treatment may do more
harm than good.36 The key to distin-
guishing true UTI from asymptomatic
bacteriuria is the presence of pyuria.


Microscopic Analysis for Bacteriuria


The presence of bacteria in a fresh,
Gram-stained specimen of uncentri-
fuged urine correlates with 105 CFUs
per mL in culture.37 An “enhanced uri-
nalysis,” combining the counting
chamber assessment of pyuria noted
previously with Gram staining of drops
of uncentrifuged urine, with a thresh-
old of at least 1 Gram-negative rod in
10 oil immersion fields, has greater sen-
sitivity, specificity, and positive predic-
tive value than does the standard urinal-
ysis33 and is the preferred method of
urinalysis when appropriate equipment
and personnel are available.


Automated Urinalysis


Automated methods to perform uri-
nalysis are now being used in many
hospitals and laboratories. Image-
based systems use flow imaging
analysis technology and software to
classify particles in uncentrifuged
urine specimens rapidly.38 Results
correlate well with manual methods,
especially for red blood cells, WBCs,
and squamous epithelial cells. In the
future, this may be the most common
method by which urinalysis is per-
formed in laboratories.


Culture


The diagnosis of UTI is made on the ba-
sis of quantitative urine culture re-
sults in addition to evidence of pyuria
and/or bacteriuria. Urine specimens
should be processed as expediently as
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possible. If the specimen is not pro-
cessed promptly, then it should be re-
frigerated to prevent the growth of or-
ganisms that can occur in urine at
room temperature; for the same rea-
son, specimens that require transpor-
tation to another site for processing
should be transported on ice. A prop-
erly collected urine specimen should
be inoculated on culture medium that
will allow identification of urinary tract
pathogens.


Urine culture results are considered
positive or negative on the basis of the
number of CFUs that grow on the cul-
ture medium.36 Definition of significant
colony counts with regard to the
method of collection considers that
the distal urethra and periurethral
area are commonly colonized by the
same bacteria that may cause UTI;
therefore, a low colony count may be
present in a specimen obtained
through voiding or catheterization
when bacteria are not present in blad-
der urine. Definitions of positive and
negative culture results are opera-
tional and not absolute. The time the
urine resides in the bladder (bladder
incubation time) is an important deter-
minant of the magnitude of the colony
count. The concept that more than
100 000 CFUs per mL indicates a UTI
was based on morning collections of
urine from adult women, with compar-
ison of specimens from women with-
out symptoms and women considered
clinically to have pyelonephritis; the
transition range, in which the propor-
tion of women with pyelonephritis ex-
ceeded the proportion of women with-
out symptoms, was 10 000 to 100 000
CFUs per mL.39 In most instances, an
appropriate threshold to consider
bacteriuria “significant” in infants and
children is the presence of at least
50 000 CFUs per mL of a single urinary
pathogen.40 (Organisms such as
Lactobacillus spp, coagulase-negative
staphylococci, and Corynebacterium


spp are not considered clinically rele-
vant urine isolates for otherwise
healthy, 2- to 24-month-old children.)
Reducing the threshold from 100 000
CFUs per mL to 50 000 CFUs per mL
would seem to increase the sensitivity
of culture at the expense of decreased
specificity; however, because the pro-
posed criteria for UTI now include evi-
dence of pyuria in addition to positive
culture results, infants with “positive”
culture results alone will be recog-
nized as having asymptomatic bacteri-
uria rather than a true UTI. Some labo-
ratories report growth only in the
following categories: 0 to 1000, 1000 to
10 000, 10 000 to 100 000, and more
than 100 000 CFUs per mL. In such
cases, results in the 10 000 to 100 000
CFUs per mL range need to be evalu-
ated in context, such as whether the
urinalysis findings support the diagno-
sis of UTI and whether the organism is
a recognized uropathogen.


Alternative culture methods, such as
dipslides, may have a place in the of-
fice setting; sensitivity is reported to
be in the range of 87% to 100%, and
specificity is reported to be 92% to
98%, but dipslides cannot specify the
organism or antimicrobial sensitivi-
ties.41 Practices that use dipslides
should do so in collaboration with a
certified laboratory for identification
and sensitivity testing or, in the ab-
sence of such results, may need to per-
form “test of cure” cultures after 24
hours of treatment.


● Aggregate quality of evidence: C (ob-
servational studies).


● Benefits: Accurate diagnosis of UTI
can prevent the spread of infection
and renal scarring; avoiding overdi-
agnosis of UTI can prevent over-
treatment and unnecessary and ex-
pensive imaging. These criteria
reduce the likelihood of overdiagno-
sis of UTI in infants with asymptom-
atic bacteriuria or contaminated
specimens.


● Harms/risks/costs: Stringent diag-
nostic criteria may miss a small
number of UTIs.


● Benefit-harms assessment: Prepon-
derance of benefit over harm.


● Value judgments: Treatment of
asymptomatic bacteriuria may be
harmful.


● Role of patient preferences: We as-
sume that parents prefer no action
in the absence of a UTI (avoiding
false-positive results) over a very
small chance of missing a UTI.


● Exclusions: None.


● Intentional vagueness: None.


● Policy level: Recommendation.


MANAGEMENT


Action Statement 4


Action Statement 4a


When initiating treatment, the clini-
cian should base the choice of
route of administration on practi-
cal considerations. Initiating treat-
ment orally or parenterally is
equally efficacious. The clinician
should base the choice of agent on
local antimicrobial sensitivity pat-
terns (if available) and should ad-
just the choice according to sensi-
tivity testing of the isolated
uropathogen (evidence quality: A;
strong recommendation).


Action Statement 4b


The clinician should choose 7 to 14
days as the duration of antimicrobial
therapy (evidence quality: B;
recommendation).


The goals of treatment of acute UTI are
to eliminate the acute infection, to pre-
vent complications, and to reduce the
likelihood of renal damage. Most chil-
dren can be treated orally.42–44 Patients
whom clinicians judge to be “toxic” or
who are unable to retain oral intake
(including medications) should re-
ceive an antimicrobial agent parenter-
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ally (Table 2) until they exhibit clinical
improvement, generally within 24 to 48
hours, and are able to retain orally ad-
ministered fluids andmedications. In a
study of 309 febrile infants with UTIs,
only 3 (1%) were deemed too ill to be
assigned randomly to either paren-
teral or oral treatment.42 Parenteral
administration of an antimicrobial
agent also should be considered when
compliance with obtaining an antimi-
crobial agent and/or administering it
orally is uncertain. The usual choices
for oral treatment of UTIs include
a cephalosporin, amoxicillin plus
clavulanic acid, or trimethoprim-
sulfamethoxazole (Table 3). It is essen-
tial to know local patterns of suscepti-
bility of coliforms to antimicrobial
agents, particularly trimethoprim-
sulfamethoxazole and cephalexin, be-
cause there is substantial geographic
variability that needs to be taken into
account during selection of an antimi-
crobial agent before sensitivity results
are available. Agents that are excreted
in the urine but do not achieve thera-
peutic concentrations in the blood-
stream, such as nitrofurantoin, should
not be used to treat febrile infants with
UTIs, because parenchymal and serum
antimicrobial concentrations may be
insufficient to treat pyelonephritis or
urosepsis.


Whether the initial route of administra-
tion of the antimicrobial agent is oral
or parenteral (then changed to oral),


the total course of therapy should be 7
to 14 days. The committee attempted to
identify a single, preferred, evidence-
based duration, rather than a range, but
data comparing 7, 10, and 14 days di-
rectly were not found. There is evidence
that 1- to 3-day courses for febrile UTIs
are inferior to courses in the recom-
mended range; therefore, the minimal
duration selected should be 7 days.


● Aggregate quality of evidence: A/B
(RCTs).


● Benefits: Adequate treatment of UTI
can prevent the spread of infection
and renal scarring. Outcomes of
short courses (1–3 d) are inferior to
those of 7- to 14-d courses.


● Harms/risks/costs: There are mini-
mal harm and minor cost effects of
antimicrobial choice and duration
of therapy.


● Benefit-harms assessment: Prepon-
derance of benefit over harm.


● Value judgments: Adjusting antimi-
crobial choice on the basis of avail-
able data and treating according to
best evidencewill minimize cost and
consequences of failed or unneces-
sary treatment.


● Role of patient preferences: It is as-
sumed that parents prefer the
most-effective treatment and the
least amount of medication that en-
sures effective treatment.


● Exclusions: None.


● Intentional vagueness: No evidence


distinguishes the benefit of treating
7 vs 10 vs 14 days, and the range is
allowable.


● Policy level: Strong recommendation/
recommendation.


Action Statement 5


Febrile infants with UTIs should
undergo renal and bladder ultra-
sonography (RBUS) (evidence
quality: C; recommendation).


The purpose of RBUS is to detect ana-
tomic abnormalities that require fur-
ther evaluation, such as additional im-
aging or urologic consultation. RBUS
also provides an evaluation of the re-
nal parenchyma and an assessment of
renal size that can be used to monitor
renal growth. The yield of actionable
findings is relatively low.45,46 Wide-
spread application of prenatal ultra-
sonography clearly has reduced the
prevalence of previously unsuspected
obstructive uropathy in infants, but the
consequences of prenatal screening
with respect to the risk of renal abnor-
malities in infants with UTIs have not
yet been well defined. There is consid-
erable variability in the timing and
quality of prenatal ultrasonograms,
and the report of “normal” ultrasono-
graphic results cannot necessarily be
relied on to dismiss completely the
possibility of a structural abnormality
unless the study was a detailed ana-
tomic survey (with measurements),
was performed during the third tri-


TABLE 2 Some Empiric Antimicrobial Agents
for Parenteral Treatment of UTI


Antimicrobial
Agent


Dosage


Ceftriaxone 75 mg/kg, every 24 h
Cefotaxime 150 mg/kg per d,


divided every 6–8 h
Ceftazidime 100–150 mg/kg per d,


divided every 8 h
Gentamicin 7.5 mg/kg per d,


divided every 8 h
Tobramycin 5 mg/kg per d,


divided every 8 h
Piperacillin 300 mg/kg per d,


divided every 6–8 h


TABLE 3 Some Empiric Antimicrobial Agents for Oral Treatment of UTI


Antimicrobial Agent Dosage


Amoxicillin-clavulanate 20–40 mg/kg per d in 3 doses
Sulfonamide
Trimethoprim-sulfamethoxazole 6–12 mg/kg trimethoprim and 30-60 mg/kg sulfamethoxazole


per d in 2 doses
Sulfisoxazole 120–150 mg/kg per d in 4 doses


Cephalosporin
Cefixime 8 mg/kg per d in 1 dose
Cefpodoxime 10 mg/kg per d in 2 doses
Cefprozil 30 mg/kg per d in 2 doses
Cefuroxime axetil 20–30 mg/kg per d in 2 doses
Cephalexin 50–100 mg/kg per d in 4 doses
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mester, and was performed and inter-
preted by qualified individuals.47


The timing of RBUS depends on the
clinical situation. RBUS is recom-
mended during the first 2 days of treat-
ment to identify serious complications,
such as renal or perirenal abscesses
or pyonephrosis associated with ob-
structive uropathy when the clinical ill-
ness is unusually severe or substantial
clinical improvement is not occurring.
For febrile infants with UTIs who dem-
onstrate substantial clinical improve-
ment, however, imaging does not need
to occur early during the acute infec-
tion and can even be misleading; ani-
mal studies demonstrate that Esche-
richia coli endotoxin can produce
dilation during acute infection, which
could be confused with hydronephro-
sis, pyonephrosis, or obstruction.48


Changes in the size and shape of the
kidneys and the echogenicity of renal
parenchyma attributable to edema
also are common during acute infec-
tion. The presence of these abnormal-
ities makes it inappropriate to con-
sider RBUS performed early during
acute infection to be a true baseline
study for later comparisons in the as-
sessment of renal growth.


Nuclear scanning with technetium-
labeled dimercaptosuccinic acid has
greater sensitivity for detection of
acute pyelonephritis and later scar-
ring than does either RBUS or voiding
cystourethrography (VCUG). The scan-
ning is useful in research, because it
ensures that all subjects in a study
have pyelonephritis to start with and it
permits assessment of later renal
scarring as an outcome measure. The
findings on nuclear scans rarely affect
acute clinical management, however,
and are not recommended as part of
routine evaluation of infants with their
first febrile UTI. The radiation dose to
the patient during dimercaptosuccinic
acid scanning is generally low (�1
mSv),49 although it may be increased in


children with reduced renal function.
The radiation dose from dimercapto-
succinic acid is additive with that of
VCUG when both studies are per-
formed.50 The radiation dose from
VCUG depends on the equipment that
is used (conventional versus pulsed
digital fluoroscopy) and is related di-
rectly to the total fluoroscopy time.
Moreover, the total exposure for the
child will be increased when both
acute and follow-up studies are ob-
tained. The lack of exposure to radi-
ation is a major advantage of RBUS,
even with recognition of the limita-
tions of this modality that were de-
scribed previously.


● Aggregate quality of evidence: C (ob-
servational studies).


● Benefits: RBUS in this population
will yield abnormal results in�15%
of cases, and 1% to 2% will have ab-
normalities that would lead to ac-
tion (eg, additional evaluation, re-
ferral, or surgery).


● Harms/risks/costs: Between 2%
and 3%will be false-positive results,
leading to unnecessary and invasive
evaluations.


● Benefit-harms assessment: Prepon-
derance of benefit over harm.


● Value judgments: The seriousness
of the potentially correctable abnor-
malities in 1% to 2%, coupled with
the absence of physical harm, was
judged sufficiently important to tip
the scales in favor of testing.


● Role of patient preferences: Be-
cause ultrasonography is noninva-
sive and poses minimal risk, we as-
sume that parents will prefer RBUS
over taking even a small risk of
missing a serious and correctable
condition.


● Exclusions: None.


● Intentional vagueness: None.


● Policy level: Recommendation.


Action Statement 6


Action Statement 6a


VCUG should not be performed
routinely after the first febrile
UTI; VCUG is indicated if RBUS re-
veals hydronephrosis, scarring,
or other findings that would sug-
gest either high-grade VUR or ob-
structive uropathy, as well as in
other atypical or complex clinical
circumstances (evidence quality
B; recommendation).


Action Statement 6b


Further evaluation should be con-
ducted if there is a recurrence of fe-
brile UTI (evidence quality: X;
recommendation).


For the past 4 decades, the strategy to
protect the kidneys from further dam-
age after an initial UTI has been to de-
tect childhood genitourinary abnor-
malities in which recurrent UTI could
increase renal damage. The most com-
mon of these is VUR, and VCUG is used
to detect this. Management included
continuous antimicrobial administra-
tion as prophylaxis and surgical inter-
vention if VUR was persistent or recur-
rences of infection were not prevented
with an antimicrobial prophylaxis reg-
imen; some have advocated surgical
intervention to correct high-grade re-
flux even when infection has not re-
curred. However, it is clear that there
are a significant number of infants
who develop pyelonephritis in whom
VUR cannot be demonstrated, and the
effectiveness of antimicrobial prophy-
laxis for patients who have VUR has
been challenged in the past decade.
Several studies have suggested that
prophylaxis does not confer the de-
sired benefit of preventing recurrent
febrile UTI.51–55 If prophylaxis is, in fact,
not beneficial and VUR is not required
for development of pyelonephritis,
then the rationale for performing
VCUG routinely after an initial febrile
UTI must be questioned.
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RCTs of the effectiveness of prophy-
laxis performed to date generally in-
cluded children more than 24 months
of age, and some did not provide com-
plete data according to grade of VUR.
These 2 factors have compromised
meta-analyses. To ensure direct com-
parisons, the committee contacted the
6 researchers who had conducted the
most recent RCTs and requested raw
data from their studies.51–56 All com-
plied, which permitted the creation of
a data set with data for 1091 infants 2
to 24months of age according to grade
of VUR. A �2 analysis (2-tailed) and a
formal meta-analysis did not detect a
statistically significant benefit of pro-
phylaxis in preventing recurrence of
febrile UTI/pyelonephritis in infants
without reflux or those with grades I, II,
III, or IV VUR (Table 4 and Fig 3). Only 5
infants with grade V VUR were in-
cluded in the RCTs; therefore, data for
those infants are not included in Table
4 or Fig 3.


The proportion of infants with high-
grade VUR among all infants with fe-
brile UTIs is small. Data adapted from
current studies (Table 5) indicate that,
of a hypothetical cohort of 100 infants
with febrile UTIs, only 1 has grade V
VUR; 99 do not. With a practice of wait-
ing for a second UTI to perform VCUG,
only 10 of the 100 would need to un-
dergo the procedure and the 1 with
grade V VUR would be identified. (It
also is possible that the 1 infant with
grade V VURmight have been identified
after the first UTI on the basis of abnor-
mal RBUS results that prompted VCUG
to be performed.) Data to quantify ad-
ditional potential harm to an infant
who is not revealed to have high-grade
VUR until a second UTI are not precise
but suggest that the increment is in-
sufficient to justify routinely subject-
ing all infants with an initial febrile UTI
to VCUG (Fig 4). To minimize any harm
incurred by that infant, attempts have
been made to identify, at the time of


the initial UTI, those who have the
greatest likelihood of having high-
grade VUR. Unfortunately, there are no
clinical or laboratory indicators that
have been demonstrated to identify in-
fants with high-grade VUR. Indications
for VCUG have been proposed on the
basis of consensus in the absence of
data57; the predictive value of any of the
indications for VCUG proposed in this
manner is not known.


The level of evidence supporting rou-
tine imaging with VCUG was deemed
insufficient at the time of the 1999
practice parameter to receive a rec-
ommendation, but the consensus of
the subcommittee was to “strongly en-
courage” imaging studies. The position
of the current subcommittee reflects
the new evidence demonstrating anti-
microbial prophylaxis not to be effec-
tive as presumed previously. More-
over, prompt diagnosis and effective
treatment of a febrile UTI recurrence
may be of greater importance regard-
less of whether VUR is present or the
child is receiving antimicrobial pro-
phylaxis. A national study (the Ran-
domized Intervention for Children With
Vesicoureteral Reflux study) is cur-
rently in progress to identify the ef-
fects of a prophylactic antimicrobial
regimen for children 2 months to 6
years of age who have experienced a
UTI, and it is anticipated to provide ad-
ditional important data58 (see Areas
for Research).


Action Statement 6a


● Aggregate quality of evidence: B
(RCTs).


● Benefits: This avoids, for the vast
majority of febrile infants with UTIs,
radiation exposure (of particular
concern near the ovaries in girls),
expense, and discomfort.


● Harms/risks/costs: Detection of a
small number of cases of high-
grade reflux and correctable abnor-
malities is delayed.


● Benefit-harms assessment: Prepon-
derance of benefit over harm.


● Value judgments: The risks associ-
ated with radiation (plus the ex-
pense and discomfort of the proce-
dure) for the vastmajority of infants
outweigh the risk of delaying the de-
tection of the few with correctable
abnormalities until their second UTI.


● Role of patient preferences: The
judgment of parents may come into
play, because VCUG is an uncomfort-
able procedure involving radiation
exposure. In some cases, parents
may prefer to subject their children
to the procedure even when the
chance of benefit is both small and
uncertain. Antimicrobial prophy-
laxis seems to be ineffective in pre-
venting recurrence of febrile UTI/py-
elonephritis for the vast majority of
infants. Some parents may want to
avoid VCUG even after the second
UTI. Because the benefit of identify-
ing high-grade reflux is still in some
doubt, these preferences should be
considered. It is the judgment of the
committee that VCUG is indicated af-
ter the second UTI.


● Exclusions: None.


TABLE 4 Recurrences of Febrile UTI/Pyelonephritis in Infants 2 to 24 Months of Age With and
Without Antimicrobial Prophylaxis, According to Grade of VUR


Reflux
Grade


Prophylaxis No Prophylaxis P


No. of
Recurrences


Total N No. of
Recurrences


Total N


None 7 210 11 163 .15
I 2 37 2 35 1.00
II 11 133 10 124 .95
III 31 140 40 145 .29
IV 16 55 21 49 .14
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● Intentional vagueness: None.


● Policy level: Recommendation.


Action Statement 6b


● Aggregate quality of evidence: X (ex-
ceptional situation).


● Benefits: VCUG after a second UTI
should identify infants with very
high-grade reflux.


● Harms/risks/costs: VCUG is an un-
comfortable, costly procedure that
involves radiation, including to the
ovaries of girls.


● Benefit-harms assessment: Prepon-
derance of benefit over harm.


● Value judgments: The committee
judged that patients with high-
grade reflux and other abnormali-
ties may benefit from interventions
to prevent further scarring. Further
studies of treatment for grade V
VUR are not underway and are un-
likely in the near future, because the
condition is uncommon and ran-
domization of treatment in this
group generally has been consid-
ered unethical.


FIGURE 3
A, Recurrences of febrile UTI/pyelonephritis in 373 infants 2 to 24 months of age without VUR, with and
without antimicrobial prophylaxis (based on 3 studies; data provided by Drs Craig, Garin, and Mon-
tini). B, Recurrences of febrile UTI/pyelonephritis in 72 infants 2 to 24 months of age with grade I VUR,
with and without antimicrobial prophylaxis (based on 4 studies; data provided by Drs Craig, Garin,
Montini, and Roussey-Kesler). C, Recurrences of febrile UTI/pyelonephritis in 257 infants 2 to 24
months of age with grade II VUR, with and without antimicrobial prophylaxis (based on 5 studies; data
provided by Drs Craig, Garin, Montini, Pennesi, and Roussey-Kesler). D, Recurrences of febrile UTI/
pyelonephritis in 285 infants 2 to 24 months of age with grade III VUR, with and without antimicrobial
prophylaxis (based on 6 studies; data provided by Drs Brandström, Craig, Garin, Montini, Pennesi, and
Roussey-Kesler). E, Recurrences of febrile UTI/pyelonephritis in 104 infants 2 to 24 months of age with
grade IV VUR, with and without antimicrobial prophylaxis (based on 3 studies; data provided by Drs
Brandström, Craig, and Pennesi). M-H indicates Mantel-Haenszel; CI, confidence interval.


TABLE 5 Rates of VUR According to Grade in
Hypothetical Cohort of Infants After
First UTI and After Recurrence


Rate, %


After First
UTI


(N� 100)


After
Recurrence
(N� 10)


No VUR 65 26
Grades I–III VUR 29 56
Grade IV VUR 5 12
Grade V VUR 1 6


FIGURE 4
Relationship between renal scarring and num-
ber of bouts of pyelonephritis. Adapted from
Jodal.59
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● Role of patient preferences: As men-
tioned previously, the judgment of
parents may come into play, be-
cause VCUG is an uncomfortable
procedure involving radiation expo-
sure. In some cases, parents may
prefer to subject their children to
the procedure even when the
chance of benefit is both small and
uncertain. The benefits of treatment
of VUR remain unproven, but the
point estimates suggest a small po-
tential benefit. Similarly, parents
may want to avoid VCUG even after
the second UTI. Because the benefit
of identifying high-grade reflux is
still in some doubt, these prefer-
ences should be considered. It is the
judgment of the committee that
VCUG is indicated after the second
UTI.


● Exclusions: None.


● Intentional vagueness: Further eval-
uation will likely start with VCUG but
may entail additional studies de-
pending on the findings. The details
of further evaluation are beyond the
scope of this guideline.


● Policy level: Recommendation.


Action Statement 7


After confirmation of UTI, the cli-
nician should instruct parents or
guardians to seek prompt medical
evaluation (ideally within 48
hours) for future febrile ill-
nesses, to ensure that recurrent
infections can be detected and
treated promptly (evidence qual-
ity: C; recommendation).


Early treatment limits renal damage
better than late treatment,1,2 and the
risk of renal scarring increases as the
number of recurrences increase (Fig
4).59 For these reasons, all infants who
have sustained a febrile UTI should
have a urine specimen obtained at the
onset of subsequent febrile illnesses,
so that a UTI can be diagnosed and
treated promptly.


● Aggregate quality of evidence: C (ob-
servational studies).


● Benefits: Studies suggest that early
treatment of UTI reduces the risk of
renal scarring.


● Harms/risks/costs: There may be
additional costs and inconvenience
to parents withmore-frequent visits
to the clinician for evaluation of
fever.


● Benefit-harms assessment: Prepon-
derance of benefit over harm.


● Value judgments: None.


● Role of patient preferences: Parents
will ultimatelymake the judgment to
seek medical care.


● Exclusions: None.


● Intentional vagueness: None.


● Policy level: Recommendation.


CONCLUSIONS


The committee formulated 7 key action
statements for the diagnosis and
treatment of infants and young chil-
dren 2 to 24months of age with UTI and
unexplained fever. Strategies for diag-
nosis and treatment depend on
whether the clinician determines that
antimicrobial therapy is warranted im-
mediately or can be delayed safely un-
til urine culture and urinalysis results
are available. Diagnosis is based on
the presence of pyuria and at least
50 000 CFUs per mL of a single uro-
pathogen in an appropriately collected
specimen of urine; urinalysis alone
does not provide a definitive diagnosis.
After 7 to 14 days of antimicrobial
treatment, close clinical follow-up
monitoring should bemaintained, with
evaluation of the urine during subse-
quent febrile episodes to permit
prompt diagnosis and treatment of re-
current infections. Ultrasonography of
the kidneys and bladder should be per-
formed to detect anatomic abnormali-
ties that require further evaluation
(eg, additional imaging or urologic
consultation). Routine VCUG after the


first UTI is not recommended; VCUG is
indicated if RBUS reveals hydrone-
phrosis, scarring, or other findings
that would suggest either high-grade
VUR or obstructive uropathy, as well as
in other atypical or complex clinical
circumstances. VCUG also should be
performed if there is a recurrence of
febrile UTI.


AREAS FOR RESEARCH


One of the major values of a compre-
hensive literature review is the identi-
fication of areas in which evidence is
lacking. The following 8 areas are pre-
sented in an order that parallels the
previous discussion.


1. The relationship between UTIs in in-
fants and young children and re-
duced renal function in adults has
been established but is not
well characterized in quantitative
terms. The ideal prospective cohort
study from birth to 40 to 50 years of
age has not been conducted and is
unlikely to be conducted. There-
fore, estimates of undesirable
outcomes in adulthood, such as
hypertension and end-stage renal
disease, are based on the mathe-
matical product of probabilities
at several steps, each of which is
subject to bias and error. Other
attempts at decision analysis and
thoughtful literature review have
recognized the same limitations.
Until recently, imaging tools avail-
able for assessment of the effects
of UTIs have been insensitive. With
the imaging techniques now avail-
able, it may be possible to identify
the relationship of scarring to re-
nal impairment and hypertension.


2. The development of techniques that
would permit an alternative to inva-
sive sampling and culture would be
valuable for general use. Special at-
tention should be given to infant
girls and uncircumcised boys, be-
cause urethral catheterization may
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be difficult and can produce con-
taminated specimens and SPA now
is not commonly performed. Incu-
bation time, which is inherent in the
culture process, results in delayed
treatment or presumptive treat-
ment on the basis of tests that lack
the desired sensitivity and specific-
ity to replace culture.


3. The role of VUR (and therefore of
VCUG) is incompletely understood.
It is recognized that pyelonephritis
(defined through cortical scintigra-
phy) can occur in the absence of
VUR (defined through VCUG) and
that progressive renal scarring
(defined through cortical scintigra-
phy) can occur in the absence of
demonstrated VUR.52,53 The pre-
sumption that antimicrobial pro-
phylaxis is of benefit for individuals
with VUR to prevent recurrences of
UTI or the development of renal scars
is not supported by the aggregate of
data from recent studies and cur-
rently is the subject of the Random-
ized Intervention for Children With
Vesicoureteral Reflux study.58


4. Although the effectiveness of anti-
microbial prophylaxis for the pre-
vention of UTI has not been demon-
strated, the concept has biological
plausibility. Virtually all antimicro-
bial agents used to treat or to pre-
vent infections of the urinary tract
are excreted in the urine in high
concentrations. Barriers to the ef-
fectiveness of antimicrobial pro-
phylaxis are adherence to a daily
regimen, adverse effects associ-
ated with the various agents, and
the potential for emergence of anti-


microbial resistance. To overcome
these issues, evidence of effective-
ness with a well-tolerated, safe
product would be required, and
parents would need sufficient edu-
cation to understand the value and
importance of adherence. A urinary
antiseptic, rather than an antimi-
crobial agent, would be particularly
desirable, because it could be taken
indefinitely without concern that
bacteria would develop resistance.
Another possible strategy might be
the use of probiotics.


5. Better understanding of the ge-
nome (human and bacterial) may
provide insight into risk factors
(VUR and others) that lead to in-
creased scarring. Blood specimens
will be retained from children en-
rolled in the Randomized Interven-
tion for Children With Vesi-
coureteral Reflux study, for future
examination of genetic determinants
of VUR, recurrent UTI, and renal scar-
ring.58 VUR is recognized to “run in
families,”60,61 and multiple investiga-
tors are currently engaged in re-
search to identify a genetic basis for
VUR. Studies may also be able to dis-
tinguish the contribution of congeni-
tal dysplasia from acquired scarring
attributable to UTI.


6. One of the factors used to assess
the likelihood of UTI in febrile in-
fants is race. Data regarding rates
among Hispanic individuals are lim-
ited and would be useful for predic-
tion rules.


7. This guideline is limited to the initial
management of the first UTI in febrile
infants 2 to 24monthsof age. Someof


the infants will have recurrent UTIs;
some will be identified as having VUR
or other abnormalities. Further re-
search addressing the optimal
course ofmanagement in specific sit-
uations would be valuable.


8. The optimal duration of antimicro-
bial treatment has not been deter-
mined. RCTs of head-to-head com-
parisons of various duration would
be valuable, enabling clinicians to
limit antimicrobial exposure to
what is needed to eradicate the of-
fending uropathogen.
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APPENDIX
Clinical practice guideline algorithm.
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I D S A G U I D E L I N E S


Executive Summary: The Management of
Community-Acquired Pneumonia in Infants and
Children Older Than 3 Months of Age: Clinical
Practice Guidelines by the Pediatric Infectious
Diseases Society and the Infectious Diseases
Society of America


John S. Bradley,1,a Carrie L. Byington,2,a Samir S. Shah,3,a Brian Alverson,4 Edward R. Carter,5 Christopher Harrison,6


Sheldon L. Kaplan,7 Sharon E. Mace,8 George H. McCracken Jr,9 Matthew R. Moore,10 Shawn D. St Peter,11


Jana A. Stockwell,12 and Jack T. Swanson13


1Department of Pediatrics, University of California San Diego School of Medicine and Rady Children's Hospital of San Diego, San Diego, California;
2Department of Pediatrics, University of Utah School of Medicine, Salt Lake City, Utah; 3Departments of Pediatrics, and Biostatistics and Epidemiology,
University of Pennsylvania School of Medicine, and Division of Infectious Diseases, Children's Hospital of Philadelphia, Philadelphia, Pennsylvania;
4Department of Pediatrics, Rhode Island Hospital, Providence, Rhode Island; 5Pulmonary Division, Seattle Children's Hospital, Seattle Washington;
6Department of Pediatrics, Children's Mercy Hospital, Kansas City, Missouri; 7Department of Pediatrics, Baylor College of Medicine, Houston, Texas;
8Department of Emergency Medicine, Cleveland Clinic, Cleveland, Ohio; 9Department of Pediatrics, University of Texas Southwestern, Dallas, Texas;
10Centers for Disease Control and Prevention, Atlanta, Georgia; 11Department of Pediatrics, University of Missouri–Kansas City School of Medicine,
Kansas City, Missouri; 12Department of Pediatrics, Emory University School of Medicine, Atlanta, Georgia; and 13Department of Pediatrics, McFarland
Clinic, Ames, Iowa


Evidenced-based guidelines for management of infants and children with community-acquired pneumonia


(CAP) were prepared by an expert panel comprising clinicians and investigators representing community


pediatrics, public health, and the pediatric specialties of critical care, emergency medicine, hospital medicine,


infectious diseases, pulmonology, and surgery. These guidelines are intended for use by primary care and


subspecialty providers responsible for the management of otherwise healthy infants and children with CAP in


both outpatient and inpatient settings. Site-of-care management, diagnosis, antimicrobial and adjunctive


surgical therapy, and prevention are discussed. Areas that warrant future investigations are also highlighted.


EXECUTIVE SUMMARY


Guidelines for the management of community-acquired


pneumonia (CAP) in adults have been demonstrated to


decrease morbidity and mortality rates [1, 2]. These


guidelines were created to assist the clinician in the care


of a child with CAP. They do not represent the only


approach to diagnosis and therapy; there is considerable


variation among children in the clinical course of pe-


diatric CAP, even with infection caused by the same


pathogen. The goal of these guidelines is to decrease


morbidity and mortality rates for CAP in children by


presenting recommendations for clinical management


that can be applied in individual cases if deemed ap-


propriate by the treating clinician.


This document is designed to provide guidance in the


care of otherwise healthy infants and children and ad-


dresses practical questions of diagnosis and management


of CAP evaluated in outpatient (offices, urgent care
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clinics, emergency departments) or inpatient settings in the


United States. Management of neonates and young infants


through the first 3 months, immunocompromised children,


children receiving homemechanical ventilation, and children with


chronic conditions or underlying lung disease, such as cystic fi-


brosis, are beyond the scope of these guidelines and are not dis-


cussed.


Summarized below are the recommendations made in the


new 2011 pediatric CAP guidelines. The panel followed a process


used in the development of other Infectious Diseases Society of


America (IDSA) guidelines, which included a systematic


weighting of the quality of the evidence and the grade of the


recommendation [3] (Table 1). A detailed description of the


methods, background, and evidence summaries that support


each of the recommendations can be found in the full text of the


guidelines.


SITE-OF-CARE MANAGEMENT DECISIONS


I. When Does a Child or Infant With CAP Require Hospitalization?
Recommendations


1. Children and infants who have moderate to severe CAP,


as defined by several factors, including respiratory distress and


hypoxemia (sustained saturation of peripheral oxygen [SpO2],


,90 % at sea level) (Table 3) should be hospitalized for


management, including skilled pediatric nursing care. (strong


recommendation; high-quality evidence)


2. Infants less than 3–6 months of age with suspected


bacterial CAP are likely to benefit from hospitalization. (strong


recommendation; low-quality evidence)


3. Children and infants with suspected or documented


CAP caused by a pathogen with increased virulence, such as


community-associated methicillin-resistant Staphylococcus aureus


(CA-MRSA) should be hospitalized. (strong recommendation; low-


quality evidence)


4. Children and infants for whom there is concern about


careful observation at home or who are unable to comply with


therapy or unable to be followed up should be hospitalized.


(strong recommendation; low-quality evidence)


II. When Should a Child With CAP Be Admitted to an Intensive
Care Unit (ICU) or a Unit With Continuous Cardiorespiratory
Monitoring?
Recommendations


5. A child should be admitted to an ICU if the child requires


invasive ventilation via a nonpermanent artificial airway (eg,


endotracheal tube). (strong recommendation; high-quality


evidence)


6. A child should be admitted to an ICU or a unit with


continuous cardiorespiratory monitoring capabilities if the


child acutely requires use of noninvasive positive pressure


ventilation (eg, continuous positive airway pressure or bilevel


positive airway pressure). (strong recommendation; very low-


quality evidence)


7. A child should be admitted to an ICU or a unit with


continuous cardiorespiratory monitoring capabilities if the child


has impending respiratory failure. (strong recommendation;


moderate-quality evidence)


8. A child should be admitted to an ICU or a unit with


continuous cardiorespiratory monitoring capabilities if the child


has sustained tachycardia, inadequate blood pressure, or need for


pharmacologic support of blood pressure or perfusion. (strong


recommendation; moderate-quality evidence)


9. A child should be admitted to an ICU if the pulse


oximetry measurement is ,92% on inspired oxygen of $0.50.


(strong recommendation; low-quality evidence)


10. A child should be admitted to an ICU or a unit with


continuous cardiorespiratory monitoring capabilities if the


child has altered mental status, whether due to hypercarbia or


hypoxemia as a result of pneumonia. (strong recommendation;


low-quality evidence)


11. Severity of illness scores should not be used as the sole


criteria for ICU admission but should be used in the context of


other clinical, laboratory, and radiologic findings. (strong


recommendation; low-quality evidence)


DIAGNOSTIC TESTING FOR PEDIATRIC CAP


III. What Diagnostic Laboratory and Imaging Tests Should Be
Used in a Child With Suspected CAP in an Outpatient or
Inpatient Setting?
Recommendations


Microbiologic Testing


Blood Cultures: Outpatient


12. Blood cultures should not be routinely performed in


nontoxic, fully immunized children with CAP managed in the


outpatient setting. (strong recommendation; moderate-quality


evidence)


13. Blood cultures should be obtained in children who fail to


demonstrate clinical improvement and in those who have


progressive symptoms or clinical deterioration after initiation


of antibiotic therapy (strong recommendation; moderate-quality


evidence).


Blood Cultures: Inpatient


14. Blood cultures should be obtained in children requiring


hospitalization for presumed bacterial CAP that is moderate to


severe, particularly those with complicated pneumonia. (strong


recommendation; low-quality evidence)


15. In improving patients who otherwise meet criteria


for discharge, a positive blood culture with identification or
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Table 1. Strength of Recommendations and Quality of Evidence


Strength of recommendation


and quality of evidence


Clarity of balance between


desirable and undesirable effects


Methodologic quality of supporting


evidence (examples) Implications


Strong recommendation


High-quality evidence Desirable effects clearly
outweigh undesirable effects,
or vice versa


Consistent evidence from well-
performed RCTsa or exceptionally
strong evidence from unbiased
observational studies


Recommendation can apply to
most patients in most
circumstances; further
research is unlikely to change
our confidence in the
estimate of effect.


Moderate-quality evidence Desirable effects clearly
outweigh undesirable effects,
or vice versa


Evidence from RCTs with important
limitations (inconsistent results,
methodologic flaws, indirect, or
imprecise) or exceptionally strong
evidence from unbiased
observational studies


Recommendation can apply to
most patients in most
circumstances; further
research (if performed) is
likely to have an important
impact on our confidence in
the estimate of effect and
may change the estimate.


Low-quality evidence Desirable effects clearly
outweigh undesirable effects,
or vice versa


Evidence for $1 critical outcome
from observational studies, RCTs
with serious flaws or indirect
evidence


Recommendation may change
when higher quality evidence
becomes available; further
research (if performed) is
likely to have an important
impact on our confidence in
the estimate of effect and is
likely to change the estimate.


Very low-quality evidence
(rarely applicable)


Desirable effects clearly
outweigh undesirable effects,
or vice versa


Evidence for $1 critical outcome
from unsystematic clinical
observations or very indirect
evidence


Recommendation may change
when higher quality evidence
becomes available; any
estimate of effect for $1
critical outcome is very
uncertain.


Weak recommendation


High-quality evidence Desirable effects closely
balanced with undesirable
effects


Consistent evidence from well-
performed RCTs or exceptionally
strong evidence from unbiased
observational studies


The best action may differ
depending on circumstances
or patients or societal values;
further research is unlikely to
change our confidence in the
estimate of effect.


Moderate-quality evidence Desirable effects closely
balanced with undesirable
effects


Evidence from RCTs with important
limitations (inconsistent results,
methodologic flaws, indirect, or
imprecise) or exceptionally strong
evidence from unbiased
observational studies


Alternative approaches are likely
to be better for some patients
under some circumstances;
further research (if performed)
is likely to have an important
impact on our confidence in
the estimate of effect and
may change the estimate.


Low-quality evidence Uncertainty in the estimates of
desirable effects, harms, and
burden; desirable effects,
harms, and burden may be
closely balanced


Evidence for $1 critical outcome
from observational studies, from
RCTs with serious flaws or indirect
evidence


Other alternatives may be equally
reasonable; further research is
very likely to have an important
impact on our confidence in the
estimate of effect and is likely
to change the estimate.


Very low-quality evidence Major uncertainty in estimates
of desirable effects, harms,
and burden; desirable effects
may or may not be balanced
with undesirable effects
may be closely balanced


Evidence for $1 critical outcome from
unsystematic clinical observations or
2very indirect evidence


Other alternatives may be equally
reasonable; any estimate of
effect, for at $1 critical
outcome, is very uncertain.


a RCTs, randomized controlled trials.
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susceptibility results pending should not routinely preclude


discharge of that patient with appropriate oral or intravenous


antimicrobial therapy. The patient can be discharged if close


follow-up is assured. (weak recommendation; low-quality evidence)


Follow-up Blood Cultures


16. Repeated blood cultures in children with clear clinical


improvement are not necessary to document resolution of


pneumococcal bacteremia. (weak recommendation; low-quality


evidence)


17. Repeated blood cultures to document resolution of


bacteremia should be obtained in children with bacteremia


caused by S. aureus, regardless of clinical status. (strong


recommendation; low-quality evidence)


Sputum Gram Stain and Culture


18. Sputum samples for culture and Gram stain should be


obtained in hospitalized children who can produce sputum.


(weak recommendation; low-quality evidence)


Urinary Antigen Detection Tests


19. Urinary antigen detection tests are not recommended


for the diagnosis of pneumococcal pneumonia in children;


false-positive tests are common. (strong recommendation; high-


quality evidence)


Testing For Viral Pathogens


20. Sensitive and specific tests for the rapid diagnosis of


influenza virus and other respiratory viruses should be used in


the evaluation of children with CAP. A positive influenza test


may decrease both the need for additional diagnostic studies


and antibiotic use, while guiding appropriate use of antiviral


agents in both outpatient and inpatient settings. (strong


recommendation; high-quality evidence)


21. Antibacterial therapy is not necessary for children, either


outpatients or inpatients, with a positive test for influenza virus


in the absence of clinical, laboratory, or radiographic findings


that suggest bacterial coinfection. (strong recommendation;


high-quality evidence).


22. Testing for respiratory viruses other than influenza virus


can modify clinical decision making in children with suspected


pneumonia, because antibacterial therapy will not routinely be


required for these children in the absence of clinical, laboratory,


or radiographic findings that suggest bacterial coinfection.


(weak recommendation; low-quality evidence)


Testing for Atypical Bacteria


23. Children with signs and symptoms suspicious for


Mycoplasma pneumoniae should be tested to help guide


antibiotic selection. (weak recommendation; moderate-quality


evidence)


24. Diagnostic testing for Chlamydophila pneumoniae is not


recommended as reliable and readily available diagnostic tests


do not currently exist. (strong recommendation; high-quality


evidence)


Ancillary Diagnostic Testing


Complete Blood Cell Count


25. Routine measurement of the complete blood cell count is


not necessary in all children with suspected CAP managed in the


outpatient setting, but in those with more serious disease it may


provide useful information for clinical management in the


context of the clinical examination and other laboratory and


imaging studies. (weak recommendation; low-quality evidence)


26. A complete blood cell count should be obtained for


patients with severe pneumonia, to be interpreted in the context


Table 3. Criteria for Respiratory Distress in Children With
Pneumonia


Signs of Respiratory Distress


1. Tachypnea, respiratory rate, breaths/mina


Age 0–2 months: .60


Age 2–12 months: .50


Age 1–5 Years: .40


Age .5 Years: .20


2. Dyspnea


3. Retractions (suprasternal, intercostals, or subcostal)


4. Grunting


5. Nasal flaring


6. Apnea


7. Altered mental status


8. Pulse oximetry measurement ,90% on room air


a Adapted from World Health Organization criteria.


Table 2. Complications Associated With Community-Acquired
Pneumonia


Pulmonary


Pleural effusion or empyema


Pneumothorax


Lung abscess


Bronchopleural fistula


Necrotizing pneumonia


Acute respiratory failure


Metastatic


Meningitis


Central nervous system abscess


Pericarditis


Endocarditis


Osteomyelitis


Septic arthritis


Systemic


Systemic inflammatory response syndrome or sepsis


Hemolytic uremic syndrome
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of the clinical examination and other laboratory and imaging


studies. (weak recommendation; low-quality evidence)


Acute-Phase Reactants


27. Acute-phase reactants, such as the erythrocyte


sedimentation rate (ESR), C-reactive protein (CRP)


concentration, or serum procalcitonin concentration, cannot


be used as the sole determinant to distinguish between viral and


bacterial causes of CAP. (strong recommendation; high-quality


evidence)


28. Acute-phase reactants need not be routinely measured


in fully immunized children with CAP who are managed as


outpatients, although for more serious disease, acute-phase


reactants may provide useful information for clinical


management. (strong recommendation; low-quality evidence)


29. In patients with more serious disease, such as those


requiring hospitalization or those with pneumonia-associated


complications, acute-phase reactants may be used in


conjunction with clinical findings to assess response to


therapy. (weak recommendation; low-quality evidence)


Pulse Oximetry


30. Pulse oximetry should be performed in all children with


pneumonia and suspected hypoxemia. The presence of


hypoxemia should guide decisions regarding site of care and


further diagnostic testing. (strong recommendation; moderate-


quality evidence)


Chest Radiography


Initial Chest Radiographs: Outpatient


31. Routine chest radiographs are not necessary for the


confirmation of suspected CAP in patients well enough to be


treated in the outpatient setting (after evaluation in the


office, clinic, or emergency department setting). (strong


recommendation; high-quality evidence)


32. Chest radiographs, posteroanterior and lateral, should be


obtained in patients with suspected or documented hypoxemia


or significant respiratory distress (Table 3) and in those with


failed initial antibiotic therapy to verify the presence or absence


of complications of pneumonia, including parapneumonic


effusions, necrotizing pneumonia, and pneumothorax. (strong


recommendation; moderate-quality evidence)


Initial Chest Radiographs: Inpatient


33. Chest radiographs (posteroanterior and lateral) should be


obtained in all patients hospitalized for management of CAP to


document the presence, size, and character of parenchymal


infiltrates and identify complications of pneumonia that may


lead to interventions beyond antimicrobial agents and supportive


medical therapy. (strong recommendation; moderate-quality


evidence)


Follow-up Chest Radiograph


34. Repeated chest radiographs are not routinely required in


children who recover uneventfully from an episode of CAP.


(strong recommendation; moderate-quality evidence)


35. Repeated chest radiographs should be obtained in


children who fail to demonstrate clinical improvement and


in those who have progressive symptoms or clinical


deterioration within 48–72 hours after initiation of


antibiotic therapy. (strong recommendation; moderate-quality


evidence)


36. Routine daily chest radiography is not recommended


in children with pneumonia complicated by parapneumonic


effusion after chest tube placement or after video-


assisted thoracoscopic surgery (VATS), if they remain


clinically stable. (strong recommendation; low-quality


evidence)


37. Follow-up chest radiographs should be obtained in


patients with complicated pneumonia with worsening


respiratory distress or clinical instability, or in those with


persistent fever that is not responding to therapy over 48-72


hours. (strong recommendation; low-quality evidence)


Table 4. Criteria for CAP Severity of Illness in Children with
Community-Acquired Pneumonia


Criteria


Major criteria


Invasive mechanical ventilation


Fluid refractory shock


Acute need for NIPPV


hypoxemia requiring FiO2 greater than inspired concentration or
flow feasible in general care area


Minor criteria


Respiratory rate higher than WHO classification for age


Apnea


Increasedwork of breathing (eg, retractions, dyspnea, nasal flaring,
grunting)


PaO2/FiO2 ratio ,250


Multilobar infiltrates


PEWS score .6


Altered mental status


Hypotension


Presence of effusion


Comorbid conditions (eg, HgbSS, immunosuppression,
immunodeficiency)


Unexplained metabolic acidosis


Modified from Infectious Diseases Society of America/American Thoracic


Society consensus guidelines on the management of community-acquired


pneumonia in adults [27, table 4]. Clinician should consider care in an intensive


care unit or a unit with continuous cardiorespiratory monitoring for the child


having $1 major or $2 minor criteria.


Abbreviations: FiO2, fraction of inspired oxygen; HgbSS, Hemoglobin SS


disease; NIPPV, noninvasive positive pressure ventilation; PaO2, arterial


oxygen pressure; PEWS, Pediatric Early Warning Score [70].
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38. Repeated chest radiographs 4–6 weeks after the


diagnosis of CAP should be obtained in patients with


recurrent pneumonia involving the same lobe and in


patients with lobar collapse at initial chest radiography


with suspicion of an anatomic anomaly, chest mass, or


foreign body aspiration. (strong recommendation; moderate-


quality evidence)


IV. What Additional Diagnostic Tests Should Be Used in a Child
With Severe or Life-Threatening CAP?
Recommendations


39. The clinician should obtain tracheal aspirates for Gram


stain and culture, as well as clinically and epidemiologically


guided testing for viral pathogens, including influenza virus, at


the time of initial endotracheal tube placement in children


requiring mechanical ventilation. (strong recommendation; low-


quality evidence)


40. Bronchoscopic or blind protected specimen brush


sampling, bronchoalveolar lavage (BAL), percutaneous lung


aspiration, or open lung biopsy should be reserved for the


immunocompetent child with severe CAP if initial diagnostic tests


are not positive. (weak recommendation; low-quality evidence)


ANTI-INFECTIVE TREATMENT


V. Which Anti-Infective Therapy Should Be Provided to a Child
With Suspected CAP in Both Outpatient and Inpatient Settings?
Recommendations


Outpatients


41. Antimicrobial therapy is not routinely required for


preschool-aged children with CAP, because viral pathogens are


responsible for the great majority of clinical disease. (strong


recommendation; high-quality evidence)


42. Amoxicillin should be used as first-line therapy for


previously healthy, appropriately immunized infants and


preschool children with mild to moderate CAP suspected to


be of bacterial origin. Amoxicillin provides appropriate


coverage for Streptococcus pneumoniae, the most prominent


invasive bacterial pathogen. Table 5 lists preferred agents and


alternative agents for children allergic to amoxicillin (strong


recommendation; moderate-quality evidence)


43. Amoxicillin should be used as first-line therapy for


previously healthy appropriately immunized school-aged


children and adolescents with mild to moderate CAP for


S. pneumoniae, the most prominent invasive bacterial


pathogen. Atypical bacterial pathogens (eg, M. pneumoniae),


and less common lower respiratory tract bacterial pathogens, as


discussed in the Evidence Summary, should also be considered in


management decisions. (strong recommendation; moderate-


quality evidence)


44. Macrolide antibiotics should be prescribed for treatment


of children (primarily school-aged children and adolescents)


evaluated in an outpatient setting with findings compatible


with CAP caused by atypical pathogens. Laboratory testing for


M. pneumoniae should be performed if available in a clinically


relevant time frame. Table 5 lists preferred and alternative agents


for atypical pathogens. (weak recommendation; moderate-quality


evidence)


45. Influenza antiviral therapy (Table 6) should be


administered as soon as possible to children with moderate


to severe CAP consistent with influenza virus infection during


widespread local circulation of influenza viruses, particularly


for those with clinically worsening disease documented at the


time of an outpatient visit. Because early antiviral treatment has


been shown to provide maximal benefit, treatment should not be


delayed until confirmation of positive influenza test results.


Negative results of influenza diagnostic tests do not conclusively


exclude influenza disease. Treatment after 48 hours of


symptomatic infection may still provide clinical benefit to those


with more severe disease. (strong recommendation; moderate-


quality evidence)


Inpatients


46. Ampicillin or penicillin G should be administered to the


fully immunized infant or school-aged child admitted to


a hospital ward with CAP when local epidemiologic data


document lack of substantial high-level penicillin resistance for


invasive S. pneumoniae. Other antimicrobial agents for empiric


therapy are provided in Table 7. (strong recommendation;


moderate-quality evidence)


47. Empiric therapy with a third-generation parenteral


cephalosporin (ceftriaxone or cefotaxime) should be


prescribed for hospitalized infants and children who are


not fully immunized, in regions where local epidemiology of


invasive pneumococcal strains documents high-level penicillin


resistance, or for infants and children with life-threatening


infection, including those with empyema (Table 7). Non–


b-lactam agents, such as vancomycin, have not been shown to


be more effective than third-generation cephalosporins in


the treatment of pneumococcal pneumonia for the degree


of resistance noted currently in North America. (weak


recommendation; moderate-quality evidence)


48. Empiric combination therapy with a macrolide (oral or


parenteral), in addition to a b-lactam antibiotic, should be


prescribed for the hospitalized child for whom M. pneumoniae


and C. pneumoniae are significant considerations; diagnostic


testing should be performed if available in a clinically relevant


time frame (Table 7). (weak recommendation; moderate-quality


evidence)


49. Vancomycin or clindamycin (based on local susceptibility


data) should be provided in addition to b-lactam therapy if
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Table 5. Selection of Antimicrobial Therapy for Specific Pathogens


Pathogen Parenteral therapy


Oral therapy (step-down therapy


or mild infection)


Streptococcus pneumoniae with
MICs for penicillin #2.0 lg/mL


Preferred: ampicillin (150–200 mg/kg/day every
6 hours) or penicillin (200000–250000 U/kg/day
every 4–6 h);


Alternatives: ceftriaxone
(50–100 mg/kg/day every 12–24 hours) (preferred
for parenteral outpatient therapy) or cefotaxime
(150 mg/kg/day every 8 hours); may also be
effective: clindamycin (40 mg/kg/day every
6–8 hours) or vancomycin (40–60 mg/kg/day every
6–8 hours)


Preferred: amoxicillin (90 mg/kg/day in
2 doses or 45 mg/kg/day in 3 doses);


Alternatives: second- or third-generation
cephalosporin (cefpodoxime, cefuroxime,
cefprozil); oral levofloxacin, if susceptible
(16–20 mg/kg/day in 2 doses for children
6 months to 5 years old and 8–10 mg/kg/day
once daily for children 5 to 16 years old;
maximum daily dose, 750 mg) or oral
linezolid (30 mg/kg/day in 3 doses for
children ,12 years old and 20 mg/kg/day
in 2 doses for children $12 years old)


S. pneumoniae resistant to
penicillin, with MICs
$4.0 lg/mL


Preferred: ceftriaxone (100 mg/kg/day every
12–24 hours);


Alternatives: ampicillin
(300–400 mg/kg/day every 6 hours), levofloxacin
(16–20 mg/kg/day every 12 hours for children
6 months to 5 years old and 8–10 mg/kg/day
once daily for children 5–16 years old; maximum
daily dose, 750 mg), or linezolid (30 mg/kg/day
every 8 hours for children ,12 years old and
20 mg/kg/day every 12 hours for children $12 years
old); may also be effective: clindamycina


(40 mg/kg/day every 6–8 hours) or vancomycin
(40–60 mg/kg/day every 6–8 hours)


Preferred: oral levofloxacin (16–20 mg/kg/day
in 2 doses for children 6 months to 5 years
and 8–10 mg/kg/day once daily for children
5–16 years, maximum daily dose, 750 mg),
if susceptible, or oral linezolid (30 mg/kg/day
in 3 doses for children ,12 years and
20 mg/kg/day in 2 doses for children
$12 years);


Alternative: oral clindamycina


(30–40 mg/kg/day in 3 doses)


Group A Streptococcus Preferred: intravenous penicillin (100000–250000
U/kg/day every 4–6 hours) or ampicillin
(200 mg/kg/day every 6 hours);


Alternatives: ceftriaxone (50–100 mg/kg/day every
12–24 hours) or cefotaxime (150 mg/kg/day every
8 hours); may also be effective: clindamycin, if
susceptible (40 mg/kg/day every 6–8 hours) or
vancomycinb (40–60 mg/kg/day every 6–8 hours)


Preferred: amoxicillin (50–75 mg/kg/day in
2 doses), or penicillin V (50–75 mg/kg/day in
3 or 4 doses);


Alternative: oral clindamycina


(40 mg/kg/day in 3 doses)


Stapyhylococcus aureus,
methicillin susceptible
(combination therapy not
well studied)


Preferred: cefazolin (150 mg/kg/day every 8 hours) or
semisynthetic penicillin, eg oxacillin
(150–200 mg/kg/day every 6–8 hours);


Alternatives: clindamycina (40 mg/kg/day every
6–8 hours) or >vancomycin (40–60 mg/kg/day
every 6–8 hours)


Preferred: oral cephalexin (75–100 mg/kg/day
in 3 or 4 doses);


Alternative: oral clindamycina


(30–40 mg/kg/day in 3 or 4 doses)


S. aureus, methicillin resistant,
susceptible to clindamycin
(combination therapy not
well-studied)


Preferred: vancomycin (40–60 mg/kg/day every
6–8 hours or dosing to achieve an AUC/MIC ratio of
.400) or clindamycin (40 mg/kg/day every 6–8 hours);


Alternatives: linezolid (30 mg/kg/day every 8 hours
for children ,12 years old and 20 mg/kg/day every
12 hours for children $12 years old)


Preferred: oral clindamycin (30–40 mg/kg/day
in 3 or 4 doses);


Alternatives: oral linezolid
(30 mg/kg/day in 3 doses for children
,12 years and 20 mg/kg/day in 2 doses
for children $12 years)


S. aureus, methicillin resistant,
resistant to clindamycin
(combination therapy not
well studied)


Preferred: vancomycin (40–60 mg/kg/day every
6-8 hours or dosing to achieve an AUC/MIC ratio of
.400);


Alternatives: linezolid (30 mg/kg/day every
8 hours for children ,12 years old and 20 mg/kg/day
every 12 hours for children $12 years old)


Preferred: oral linezolid (30 mg/kg/day in
3 doses for children ,12 years and
20 mg/kg/day in 2 doses for children
$12 years old);


Alternatives: none; entire treatment course with
parenteral therapy may be required
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clinical, laboratory, or imaging characteristics are consistent


with infection caused by S. aureus (Table 7). (strong


recommendation; low-quality evidence)


VI. How Can Resistance to Antimicrobials Be Minimized?
Recommendations


50. Antibiotic exposure selects for antibiotic resistance;


therefore, limiting exposure to any antibiotic, whenever possible,


is preferred. (strong recommendation; moderate-quality evidence)


51. Limiting the spectrum of activity of antimicrobials to


that specifically required to treat the identified pathogen is


preferred. (strong recommendation; low-quality evidence)


52. Using the proper dosage of antimicrobial to be able to


achieve a minimal effective concentration at the site of infection


is important to decrease the development of resistance. (strong


recommendation; low-quality evidence)


53. Treatment for the shortest effective duration will


minimize exposure of both pathogens and normal microbiota


to antimicrobials and minimize the selection for resistance.


(strong recommendation; low-quality evidence)


VII. What Is the Appropriate Duration of Antimicrobial Therapy
for CAP?
Recommendations


54. Treatment courses of 10 days have been best studied,


although shorter courses may be just as effective, particularly


for more mild disease managed on an outpatient basis. (strong


recommendation; moderate-quality evidence)


55. Infections caused by certain pathogens, notably CA-


MRSA, may require longer treatment than those caused by


S. pneumoniae. (strong recommendation; moderate-quality


evidence)


Table 5. (Continued)


Pathogen Parenteral therapy


Oral therapy (step-down therapy


or mild infection)


Haemophilus influenza, typeable
(A-F) or nontypeable


Preferred: intravenous ampicillin (150-200 mg/kg/day
every 6 hours) if b-lactamase negative, ceftriaxone
(50–100 mg/kg/day every 12-24 hours) if b-lactamase
producing, or cefotaxime (150 mg/kg/day every
8 hours);


Alternatives: intravenous ciprofloxacin (30 mg/kg/day
every 12 hours) or intravenous levofloxacin
(16-20 mg/kg/day every 12 hours for
children 6 months to 5 years old
and 8-10 mg/kg/day once daily for children 5 to
16 years old; maximum daily dose, 750 mg)


Preferred: amoxicillin (75-100 mg/kg/day in
3 doses) if b-lactamase negative) or
amoxicillin clavulanate (amoxicillin
component, 45 mg/kg/day in 3 doses or
90 mg/kg/day in 2 doses) if b-lactamase
producing;


Alternatives: cefdinir, cefixime,
cefpodoxime, or ceftibuten


Mycoplasma pneumoniae Preferred: intravenous azithromycin
(10 mg/kg on days 1 and 2 of therapy;
transition to oral therapy if possible);


Alternatives: intravenous erythromycin lactobionate
(20 mg/kg/day every 6 hours) or levofloxacin
(16-20 mg/kg/day every 12 hours; maximum daily
dose, 750 mg)


Preferred: azithromycin (10 mg/kg on day 1,
followed by 5 mg/kg/day once daily on
days 2–5);


Alternatives: clarithromycin
(15 mg/kg/day in 2 doses) or oral
erythromycin (40 mg/kg/day in 4 doses);
for children .7 years old, doxycycline
(2–4 mg/kg/day in 2 doses; for adolescents
with skeletal maturity, levofloxacin
(500 mg once daily) or moxifloxacin
(400 mg once daily)


Chlamydia trachomatis or
Chlamydophila pneumoniae


Preferred: intravenous azithromycin
(10 mg/kg on days 1 and 2 of therapy;
transition to oral therapy if possible);


Alternatives: intravenous erythromycin lactobionate
(20 mg/kg/day every 6 hours) or levofloxacin
(16-20 mg/kg/day in 2 doses for children 6 months
to 5 years old and 8-10 mg/kg/day once daily for
children 5 to 16 years old; maximum daily dose,
750 mg)


Preferred: azithromycin (10 mg/kg on day 1,
followed by 5 mg/kg/day once daily
days 2–5);


Alternatives: clarithromycin
(15 mg/kg/day in 2 doses) or oral
erythromycin (40 mg/kg/day in 4 doses);
for children .7 years old, doxycycline
(2-4 mg/kg/day in 2 doses); for adolescents
with skeletal maturity, levofloxacin
(500 mg once daily) or moxifloxacin
(400 mg once daily)


Doses for oral therapy should not exceed adult doses.


Abbreviations: AUC, area under the time vs. serum concentration curve; MIC, minimum inhibitory concentration.
a Clindamycin resistance appears to be increasing in certain geographic areas among S. pneumoniae and S. aureus infections.
b For b-lactam–allergic children.
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VIII. How Should the Clinician Follow the Child With CAP for the
Expected Response to Therapy?
Recommendation


56. Children on adequate therapy should demonstrate clinical


and laboratory signs of improvement within 48–72 hours. For


children whose condition deteriorates after admission and


initiation of antimicrobial therapy or who show no


improvement within 48–72 hours, further investigation should


be performed. (strong recommendation; moderate-quality evidence)


ADJUNCTIVE SURGICAL AND NON–


ANTI-INFECTIVE THERAPYFORPEDIATRICCAP


IX. How Should a Parapneumonic Effusion Be Identified?
Recommendation


57. History and physical examination may be suggestive of


parapneumonic effusion in children suspected of having CAP, but


chest radiography should be used to confirm the presence of


pleural fluid. If the chest radiograph is not conclusive, then


Table 6. Influenza Antiviral Therapy


Drug Formulation


Dosing recommendations


Treatment Prophylaxisa


Children Adults Children Adults


Oseltamivir
(Tamiflu)


75-mg capsule;
60 mg/5 mL
Suspension


$24 months old:
�4 mg/kg/day in
2 doses, for a
5-day treatment
course


150 mg/day in
2 doses for
5 days


#15 kg: 30 mg/day; .15 to
23 kg: 45 mg/day; .23 to
40 kg: 60 mg/day; .40 kg:
75 mg/day (once daily in
each group)


75 mg/day
once daily


#15 kg: 60 mg/day;
.15 to 23 kg:
90 mg/day; .23 to
40 kg: 120 mg/day;
.40 kg: 150 mg/day
(divided into 2 doses
for each group)


9–23 months old:
7 mg/kg/day in
2 doses; 0–8 months
old: 6 mg/kg/day in
2 doses; premature
infants: 2 mg/kg/day
in 2 doses


9–23 months old: 3.5 mg/kg
once daily; 3–8 months old:
3 mg/kg once daily; not
routinely recommended for
infants ,3 months old
owing to limited data in
this age group


Zanamivir
(Relenza)


5 mg per inhalation,
using a Diskhaler


$7 years old: 2 inhalations
(10 mg total per dose),
twice daily for 5 days


2 inhalations
(10 mg total per
dose), twice daily
for 5 days


$5 years old: 2 inhalations
(10 mg total per dose),
once daily for 10 days


2 inhalations
(10 mg total
per dose),
once daily
for 10 days


Amantadine
(Symmetrel)b


100-mg tablet;
50 mg/5 mL
suspension


1–9 years old: 5–8 mg/kg/day
as single daily dose or in
2 doses, not to exceed
150 mg/day; 9–12 years old:
200 mg/day in 2 doses (not
studied as single daily dose)


200 mg/day, as
single daily dose
or in 2 doses


1–9 years old:
same as
treatment dose;
9–12 years old:
same as
treatment dose


Same as
treatment
dose


Rimantadine
(Flumadine)b


100-mg tablet;
50 mg/5 mL
suspension


Not FDA approved for
treatment in children, but
published data exist on safety
and efficacy in children;
suspension: 1–9 years old:
6.6 mg/kg/day (maximum
150 mg/kg/day) in 2 doses;
$10 years old: 200 mg/day, as
single daily dose or in 2 doses


200 mg/day, either
as a single daily
dose, or divided
into 2 doses


FDA approved for prophylaxis
down to 12 months of age.
1–9 years old: 5 mg/kg/day
once daily, not to exceed
150 mg; $10 years old:
200 mg/day as single daily
dose or in 2 doses


200 mg/day,
as single
daily dose
or in
2 doses


NOTE. Check Centers for Disease Control and Prevention Website (http://www.flu.gov/) for current susceptibility data.
a In children for whom prophylaxis is indicated, antiviral drugs should be continued for the duration of known influenza activity in the community because of the


potential for repeated and unknown exposures or until immunity can be achieved after immunization.
b Amantadine and rimantadine should be used for treatment and prophylaxis only in winter seasons during which a majority of influenza A virus strains


isolated are adamantine susceptible; the adamantanes should not be used for primary therapy because of the rapid emergence of resistance. However,


for patients requiring adamantane therapy, a treatment course of �7 days is suggested, or until 24–48 hours after the disappearance of signs and


symptoms.
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further imaging with chest ultrasound or computed tomography


(CT) is recommended. (strong recommendation; high-quality


evidence)


X. What Factors Are Important in Determining Whether Drainage
of the Parapneumonic Effusion Is Required?
Recommendations


58. The size of the effusion is an important factor that


determines management (Table 8, Figure 1). (strong


recommendation; moderate-quality evidence)


59. The child’s degree of respiratory compromise is an


important factor that determines management of parapneumonic


effusions (Table 8, Figure 1) (strong recommendation; moderate-


quality evidence)


XI. What Laboratory Testing Should Be Performed on Pleural Fluid?
Recommendation


60. Gram stain and bacterial culture of pleural fluid should


be performed whenever a pleural fluid specimen is obtained.


(strong recommendation; high-quality evidence)


Table 7. Empiric Therapy for Pediatric Community-Acquired Pneumonia (CAP)


Empiric therapy


Site of care


Presumed bacterial


pneumonia


Presumed atypical


pneumonia


Presumed influenza


pneumoniaa


Outpatient


,5 years old (preschool) Amoxicillin, oral (90 mg/kg/day in
2 dosesb); alternative: oral
amoxicillin clavulanate (amoxicillin
component, 90 mg/kg/day in
2 dosesb)


Azithromycin oral (10 mg/kg on day 1,
followed by 5 mg/kg/day once daily
on days 2–5); alternatives: oral
clarithromycin (15 mg/kg/day in 2
doses for 7-14 days) or oral
erythromycin (40 mg/kg/day in 4 doses)


Oseltamivir


$5 years old Oral amoxicillin (90 mg/kg/day in
2 dosesb to a maximum of 4 g/dayc);
for children with presumed bacterial
CAP who do not have clinical,
laboratory, or radiographic evidence
that distinguishes bacterial CAP from
atypical CAP, a macrolide can be
added to a b-lactam antibiotic for
empiric therapy; alternative: oral
amoxicillin clavulanate (amoxicillin
component, 90 mg/kg/day in 2 dosesb


to a maximum dose of 4000 mg/day,
eg, one 2000-mg tablet twice dailyb)


Oral azithromycin (10 mg/kg on
day 1, followed by 5 mg/kg/day
once daily on days 2–5 to a
maximum of 500 mg on day 1,
followed by 250 mg on days 2–5);
alternatives: oral clarithromycin
(15 mg/kg/day in 2 doses to a
maximum of 1 g/day);
erythromycin, doxycycline for
children .7 years old


Oseltamivir or zanamivir
(for children 7 years
and older); alternatives:
peramivir, oseltamivir
and zanamivir
(all intravenous) are
under clinical
investigation in children;
intravenous zanamivir
available for
compassionate use


Inpatient (all ages)d


Fully immunized with
conjugate vaccines for
Haemophilus influenzae
type b and Streptococcus
pneumoniae; local
penicillin resistance in
invasive strains of
pneumococcus is minimal


Ampicillin or penicillin G; alternatives:
ceftriaxone or cefotaxime; addition
of vancomycin or clindamycin for
suspected CA-MRSA


Azithromycin (in addition to b-lactam, if
diagnosis of atypical pneumonia is in
doubt); alternatives: clarithromycin
or erythromycin; doxycycline for
children .7 years old; levofloxacin
for children who have reached
growth maturity, or who cannot
tolerate macrolides


Oseltamivir or zanamivir
(for children$7 years old;
alternatives: peramivir,
oseltamivir and zanamivir
(all intravenous) are under
clinical investigation in
children; intravenous
zanamivir available for
compassionate use


Not fully immunized for H,
influenzae type b and
S. pneumoniae; local
penicillin resistance in
invasive strains of
pneumococcus is
significant


Ceftriaxone or cefotaxime; addition of
vancomycin or clindamycin for
suspected CA-MRSA; alternative:
levofloxacin; addition of vancomycin
or clindamycin for suspected
CA-MRSA


Azithromycin (in addition to b-lactam,
if diagnosis in doubt); alternatives:
clarithromycin or erythromycin;
doxycycline for children .7 years
old; levofloxacin for children who
have reached growth maturity or
who cannot tolerate macrolides


As above


For children with drug allergy to recommended therapy, see Evidence Summary for Section V. Anti-Infective Therapy. For children with a history of possible, nonserious


allergic reactions to amoxicillin, treatment is not well defined and should be individualized. Options include a trial of amoxicillin under medical observation; a trial of an oral


cephalosporin that has substantial activity against S. pneumoniae, such as cefpodoxime, cefprozil, or cefuroxime, provided under medical supervision; treatment with


levofloxacin; treatmentwith linezolid; treatmentwith clindamycin (if susceptible); or treatmentwith amacrolide (if susceptible). For childrenwith bacteremic pneumococcal


pneumonia, particular caution should be exercised in selecting alternatives to amoxicillin, given the potential for secondary sites of infection, including meningitis.


Abbreviation: CA-MRSA, community-associated methicillin-resistant Staphylococcus aureus.
a See Table 6 for dosages.
b See text for discussion of dosage recommendations based on local susceptibility data. Twice daily dosing of amoxicillin or amoxicillin clavulanate may be


effective for pneumococci that are susceptible to penicillin.
c Not evaluated prospectively for safety.
d See Table 5 for dosages.
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61. Antigen testing or nucleic acid amplification through


polymerase chain reaction (PCR) increase the detection of


pathogens in pleural fluid and may be useful for management.


(strong recommendation; moderate-quality evidence)


62. Analysis of pleural fluid parameters, such as pH and


levels of glucose, protein, and lactate dehydrogenase, rarely


change patient management and are not recommended. (weak


recommendation; very low-quality evidence)


63. Analysis of the pleural fluid white blood cell (WBC) count,


with cell differential analysis, is recommended primarily to help


differentiate bacterial from mycobacterial etiologies and from


malignancy. (weak recommendation; moderate-quality evidence)


XII. What Are the Drainage Options for Parapneumonic Effusions?
Recommendations


64. Small, uncomplicated parapneumonic effusions


should not routinely be drained and can be treated with


antibiotic therapy alone. (strong recommendation; moderate-


quality evidence)


65. Moderate parapneumonic effusions associated with


respiratory distress, large parapneumonic effusions, or


documented purulent effusions should be drained. (strong


recommendation; moderate-quality evidence)


66. Both chest thoracostomy tube drainage with the addition


of fibrinolytic agents and VATS have been demonstrated to be


effective methods of treatment. The choice of drainage procedure


depends on local expertise. Both of these methods are associated


with decreased morbidity compared with chest tube drainage


alone. However, in patients with moderate-to-large effusions that


are free flowing (no loculations), placement of a chest tube


without fibrinolytic agents is a reasonable first option. (strong


recommendation; high-quality evidence)


XIII. When Should VATS or Open Decortication Be Considered in
Patients Who Have Had Chest Tube Drainage, With or Without
Fibrinolytic Therapy?
Recommendation


67. VATS should be performed when there is persistence of


moderate-large effusions and ongoing respiratory compromise


despite �2–3 days of management with a chest tube and


completion of fibrinolytic therapy. Open chest débridement


with decortication represents another option for management


of these children but is associated with higher morbidity rates.


(strong recommendation; low-quality evidence)


XIV. When Should a Chest Tube Be Removed Either After Primary
Drainage or VATS?


68. A chest tube can be removed in the absence of an


intrathoracic air leak and when pleural fluid drainage is


,1 mL/kg/24 h, usually calculated over the last 12 hours.


(strong recommendation; very low-quality evidence)


XV. What Antibiotic Therapy and Duration Is Indicated for the
Treatment of Parapneumonic Effusion/Empyema?
Recommendations


69. When the blood or pleural fluid bacterial culture identifies


a pathogenic isolate, antibiotic susceptibility should be used to


determine the antibiotic regimen. (strong recommendation; high-


quality evidence)


Table 8. Factors Associated with Outcomes and Indication for Drainage of Parapneumonic Effusions


Size of effusion Bacteriology


Risk of poor


outcome


Tube drainage with or


without fibrinolysis or VATSa


Small: ,10 mm on lateral
decubitus radiograph or
opacifies less than
one-fourth of hemithorax


Bacterial culture and Gram
stain results unknown or
negative


Low No; sampling of pleural fluid is not
routinely required


Moderate: .10-mm rim of
fluid but opacifies less than
half of the hemithorax


Bacterial culture and/or Gram
stain results negative or
positive (empyema)


Low to moderate No if the patient has no respiratory compromise
and the pleural fluid is not consistent with
empyema (sampling of pleural fluid by simple
thoracentesis may help determine presence
or absence of empyema and need for a
drainage procedure, and sampling with a
drainage catheter may provide both
diagnostic and therapeutic benefit);
Yes, if the patient has respiratory
compromise or if pleural fluid is consistent
with empyema if the patient has respiratory
compromise or if pleural fluid is consistent
with empyema


Large: opacifies more than
half of the hemithorax


Bacterial culture and/or Gram
stain results positive
(empyema)


High Yes in most cases


a VATS, video-assisted thoracoscopic surgery.
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70. In the case of culture-negative parapneumonic effusions,


antibiotic selection should be based on the treatment


recommendations for patients hospitalized with CAP (see


Evidence Summary for Recommendations 46–49). (strong


recommendation; moderate-quality evidence)


71. The duration of antibiotic treatment depends on the


adequacy of drainage and on the clinical response


demonstrated for each patient. In most children, antibiotic


treatment for 2–4 weeks is adequate. (strong recommendation;


low-quality evidence)


MANAGEMENT OF THE CHILD NOT


RESPONDING TO TREATMENT


XVI. What Is the Appropriate Management of a Child Who Is Not
Responding to Treatment for CAP?
Recommendation


72. Children who are not responding to initial therapy after


48–72 hours should bemanaged by one ormore of the following:


a. Clinical and laboratory assessment of the current


severity of illness and anticipated progression in order to


determine whether higher levels of care or support are


required. (strong recommendation; low-quality evidence)


b. Imaging evaluation to assess the extent and progression


of the pneumonic or parapneumonic process. (weak


recommendation; low-quality evidence)


c. Further investigation to identify whether the original


pathogen persists, the original pathogen has developed


resistance to the agent used, or there is a new secondary


infecting agent. (weak recommendation; low-quality


evidence)


73. A BAL specimen should be obtained for Gram stain and


culture for the mechanically ventilated child. (strong


recommendation; moderate-quality evidence)


74. A percutaneous lung aspirate should be obtained for Gram


stain and culture in the persistently and seriously ill child for


whom previous investigations have not yielded a microbiologic


diagnosis. (weak recommendation; low-quality evidence)


Figure 1. Management of pneumonia with parapneumonic effusion; abx, antibiotics; CT, computed tomography; dx, diagnosis; IV, intravenous; US,
ultrasound; VATS, video-assisted thoracoscopic surgery.
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75. An open lung biopsy for Gram stain and culture should


be obtained in the persistently and critically ill, mechanically


ventilated child in whom previous investigations have not


yielded a microbiologic diagnosis. (weak recommendation;


low-quality evidence)


XVII. How Should Nonresponders With Pulmonary Abscess or
Necrotizing Pneumonia Be Managed?
Recommendation


76. A pulmonary abscess or necrotizing pneumonia identified


in a nonresponding patient can be initially treated with


intravenous antibiotics. Well-defined peripheral abscesses


without connection to the bronchial tree may be drained under


imaging-guided procedures either by aspiration or with a drainage


catheter that remains in place, but most abscesses will drain


through the bronchial tree and heal without surgical or invasive


intervention. (weak recommendation; very low-quality evidence)


DISCHARGE CRITERIA


XVIII. When Can a Hospitalized Child With CAP Be Safely
Discharged?
Recommendations


77. Patients are eligible for discharge when they have


documented overall clinical improvement, including level of


activity, appetite, and decreased fever for at least 12–24 hours.


(strong recommendation; very low-quality evidence)


78. Patients are eligible for discharge when they demonstrate


consistent pulse oximetry measurements .90% in room air


for at least 12–24 hours. (strong recommendation; moderate-


quality evidence)


79. Patients are eligible for discharge only if they demonstrate


stable and/or baseline mental status. (strong recommendation;


very low-quality evidence)


80. Patients are not eligible for discharge if they have


substantially increased work of breathing or sustained tachypnea


or tachycardia (strong recommendation; high-quality evidence)


81. Patients should have documentation that they can tolerate


their home anti-infective regimen, whether oral or intravenous,


and home oxygen regimen, if applicable, before hospital


discharge. (strong recommendation; low-quality evidence)


82. For infants or young children requiring outpatient oral


antibiotic therapy, clinicians should demonstrate that parents


are able to administer and children are able to comply


adequately with taking those antibiotics before discharge.


(weak recommendation; very low-quality evidence)


83. For children who have had a chest tube and meet the


requirements listed above, hospital discharge is appropriate


after the chest tube has been removed for 12–24 hours, either


if there is no clinical evidence of deterioration since removal or


if a chest radiograph, obtained for clinical concerns, shows


no significant reaccumulation of a parapneumonic effusion


or pneumothorax. (strong recommendation; very low-quality


evidence)


84. In infants and children with barriers to care, including


concern about careful observation at home, inability to comply


with therapy, or lack of availability for follow-up, these issues


should be identified and addressed before discharge. (weak


recommendation; very low-quality evidence)


XIX. When Is Parenteral Outpatient Therapy Indicated, In
Contrast to Oral Step-Down Therapy?
Recommendations


85. Outpatient parenteral antibiotic therapy should be


offered to families of children no longer requiring skilled


nursing care in an acute care facility but with a demonstrated


need for ongoing parenteral therapy. (weak recommendation;


moderate-quality evidence)


86. Outpatient parenteral antibiotic therapy should be


offered through a skilled pediatric home nursing program


or through daily intramuscular injections at an appropriate


pediatric outpatient facility. (weak recommendation; low-quality


evidence)


87. Conversion to oral outpatient step-down therapy when


possible, is preferred to parenteral outpatient therapy. (strong


recommendation; low-quality evidence)


PREVENTION


XX. Can Pediatric CAP Be Prevented?
Recommendations


88. Children should be immunized with vaccines for bacterial


pathogens, including S. pneumoniae, Haemophilus influenzae


type b, and pertussis to prevent CAP. (strong recommendation;


high-quality evidence)


89. All infants $6 months of age and all children and


adolescents should be immunized annually with vaccines for


influenza virus to prevent CAP. (strong recommendation; high-


quality evidence)


90. Parents and caretakers of infants ,6 months of age,


including pregnant adolescents, should be immunized with


vaccines for influenza virus and pertussis to protect the infants


from exposure. (strong recommendation; weak-quality evidence)


91. Pneumococcal CAP after influenza virus infection is


decreased by immunization against influenza virus. (strong


recommendation; weak-quality evidence)


92. High-risk infants should be provided immune prophylaxis


with respiratory syncytial virus (RSV)–specific monoclonal anti-


body to decrease the risk of severe pneumonia and hospitalization


caused by RSV. (strong recommendation; high-quality evidence)
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Objectives After completing this article, readers should be able to:


1. Identify the major environmental factors and comorbid conditions that affect asthma.
2. Describe the role of a written asthma action plan in the management of asthma.
3. Know how to assess asthma control and adjust therapy appropriately.
4. Discuss the evaluation and management of the child who has an acute exacerbation of


asthma.


Introduction
Despite advances in medical management, childhood asthma continues to be a leading
cause of emergency department visits, hospitalizations, and school days missed in the
United States. Children afflicted with uncontrolled asthma have difficulty exercising,
sleeping, and participating in the normal activities of childhood. Their families may
experience financial, social, and work-related difficulties as a result of the child’s illness. By
working in partnership with families, health-care professionals can help improve asthma
outcomes and family functioning. This article reviews the management of asthma. Rec-
ommendations discussed in this article are based on the 2007 Expert Panel Report 3:
Guidelines for the Diagnosis and Management of Asthma (“2007 Guidelines”). (1) The
level of evidence for statements and recommendations is included, when possible. (1)


Initial Assessment
Once asthma has been diagnosed, the physician should determine the degree of severity in
the individual patient. Severity is determined best at the time of diagnosis, before initiation
of therapy. There are four categories of asthma severity: intermittent, mild persistent,
moderate persistent, and severe persistent. The most important distinction is between
intermittent and persistent asthma because all individuals who have persistent asthma
should be started on long-term control medication. The 2007 Guidelines provide tables
for determining asthma severity and initial treatment recommendations for three different
age groups: children 0 to 4 years of age, children 5 to 11 years of age, and children 12 years
of age and older and adults (Tables 1 to 3).


The category of asthma severity is based on the amount of “impairment” and “risk.”
Impairment includes the frequency and severity of daytime and nighttime asthma symp-


toms, frequency of short-acting beta2 agonist (SABA) use
other than for exercise-associated symptoms, degree of inter-
ference with activity, and results of pulmonary function
testing. Risk is based on the frequency of asthma exacerba-
tions requiring the use of oral corticosteroids. The level of
severity always is determined by the most severe level of
symptoms, medication use, and other factors. For example, a
6-year-old boy who experiences rare daytime symptoms,
rarely uses SABAs, and has a normal activity level and no
exacerbations in the past year would be categorized as having
“moderate persistent asthma” if he has nighttime symptoms
twice a week. Exercise-induced symptoms and the use of a
SABA to prevent or treat such symptoms are not included in
the determination of asthma severity. However, frequent or


*Clinical Professor of Pediatrics.
†Assistant Professor of Pediatrics, University of Texas Health Science Center, San Antonio, Tex.


Abbreviations


DPI: dry powder inhaler
EIB: exercise-induced bronchospasm
ICS: inhaled corticosteroid
Ig: immunoglobulin
LABA: long-acting beta2 agonist
LTRA: leukotriene receptor antagonist
MDI: metered dose inhaler
SABA: short-acting beta2 agonist
VHC: valved holding chamber
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Table 1. Classifying Severity and Initiating Treatment: Children 0 to 4 Years


Severity Category


Impairment Risk


Preferred Treatment
Days and Nights
With Symptoms


Interference With
Normal Activity Exacerbations


Severe Persistent Throughout (days) Extremely limited (see below) Step 3: Medium-dose ICS
and consider short-
course OCS>1 night/wk (nights)


Moderate Persistent Daily (days) Some limitation (see below) Step 3: Medium-dose ICS
and consider short-
course OCS3 to 4 nights/month


Mild Persistent 3 to 6 days/wk (days) Minor limitation 2 or more/6 months or
>4 episodes of
wheezing/yr with risk
factors for asthma


Step 2: Low-dose ICS


1 to 2 nights/month
(nights)


Intermittent <2 days/wk (days) None 0 to 1/yr Step 1: SABA PRN


0 nights/month
(nights)


Exacerbation: episode requiring OCS.
Risk factors for asthma: parent history of asthma, patient has eczema, patient sensitized to aeroallergens, or two of following: patient sensitized to foods,
eosinophilia, wheezing apart from colds.
ICS�inhaled corticosteroids, LABA�long-acting beta2 agonist, OCS�oral corticosteroids, SABA�short-acting beta2 agonist
Adapted from the National Asthma Education and Prevention Program. Expert Panel Report 3: Guidelines for the Diagnosis and Management of Asthma, 2007.
NIH Publication No. 07-4051. Bethesda, Md: National Heart, Lung, and Blood Institute; 2007.


Table 2. Classifying Severity and Initiating Treatment: Children 5 to 11 Years


Severity
Category


Impairment Risk


Preferred Treatment
Days and Nights
With Symptoms


Interference With
Normal Activity


Pulmonary
Function Exacerbations


Severe
Persistent


Throughout (days)


Often (nights)


Extremely
limited


FEV1: <60%
FEV1/FVC: <75%


2 or more/yr Step 4: Medium-dose
ICS � LABA and
consider short-course
OCS


Step 3: Medium-dose
ICS and consider
short-course OCS


Moderate
Persistent


Daily (days)


>1 night/wk
(nights)


Some
limitation


FEV1: 60% to 80%
FEV1/FVC: 75% to


80%


2 or more/yr Step 3: Medium-dose
ICS and consider
short-course OCS


Mild Persistent 3 to 6 days/wk
(days)


3 to 4 nights/month
(nights)


Minor
limitation


FEV1: >80%
FEV1/FVC: >80%


2 or more/yr Step 2: Low-dose ICS


Intermittent <2 d/wk (days)


<2 nights/month
(nights)


None FEV1: >80%
FEV1/FVC: >85%


0 to 1/yr Step 1: SABA PRN


FEV1�forced expiratory volume in 1 second, FVC�forced vital capacity, ICS�inhaled corticosteroids, LABA�long-acting beta2 agonist, OCS�oral
corticosteroids, SABA�short-acting beta2 agonist.
Adapted from the National Asthma Education and Prevention Program. Expert Panel Report 3: Guidelines for the Diagnosis and Management of Asthma, 2007.
NIH Publication No. 07-4051. Bethesda, Md: U.S. National Heart, Lung, and Blood Institute; 2007.
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severe exercise-associated symptoms often are a sign of
poorly controlled asthma.


The determination of severity category based on the
2007 Guidelines is not reduced easily to a simple rule.
The severity criteria vary with age. Children 0 to 4 years
of age may have asthma that is categorized as persistent
based on day-to-day impairment or frequent exacerba-
tions (�2 in 6 months or �4 in 1 year) along with risk
factors for asthma (Table 1). Major risk factors (one
required) are: 1) parental history of asthma, 2) atopic
dermatitis, and 3) sensitization to aeroallergens. Minor
risk factors (two required) are: 1) sensitization to foods,
2) more than 4% eosinophilia, and 3) wheezing apart
from colds.


Another key component of initial assessment is to
identify and address precipitating factors (asthma “trig-
gers”). The most common categories of asthma triggers
in children are: respiratory infections, allergens, airway
irritants (eg, environmental tobacco smoke and air pol-
lution), exercise, and medications (eg, nonsteroidal anti-


inflammatory medications and beta blockers). The 2007
Guidelines contain sample questionnaires that should be
used to help identify and reduce exposure to potential
asthma triggers (see Additional Resources). Respiratory
infections are a common asthma trigger and are difficult
to avoid in young children. All individuals afflicted with
asthma should receive an annual influenza vaccination,
although data have not shown that the influenza vaccine
improves health outcomes.


Many children who have asthma are exposed to envi-
ronmental tobacco smoke, which is a potent airway irri-
tant for all individuals who have asthma. Children expe-
riencing high degrees of tobacco smoke exposure are
more likely to have moderate or severe asthma and
decreased lung function compared with those whose
exposures are low. (2) Every child who has asthma de-
serves a smoke-free home, car, and school or child care
environment. Household members and other close asso-
ciates who smoke should be referred to smoking cessa-
tion resources. Each state maintains a free hotline for


Table 3. Classifying Severity and Initiating Treatment: Youth 12 Years of
Age and Older


Severity
Category


Impairment Risk


Preferred Treatment
Days and Nights
With Symptoms


Interference With
Normal Activity


Pulmonary
Function Exacerbations


Severe
Persistent


Throughout (days)


Often, 7�/wk
(nights)


Extremely limited FEV1: <60%
FEV1/FVC: Reduced


>5%


2 or more/yr Step 5: High-dose ICS
� LABA and consider
short-course OCS


Step 4: Medium-dose
ICS � LABA and
consider short-course
OCS


Moderate
Persistent


Daily (days)


2 to 6 night/wk
(nights)


Some limitation FEV1: 60% to 80%
FEV1/FVC: Reduced


5%


2 or more/yr Step 3: Low-dose ICS
� LABA


OR
Medium-dose ICS and


consider short-course
OCS


Mild Persistent 3 to 6 days/wk
(days)


3 to 4 nights/month
(nights)


Minor limitation FEV1: >80%
FEV1/FVC: Normal


2 or more/yr Step 2: Low-dose ICS


Intermittent <2 days/wk (days)


<2 nights/month
(nights)


None FEV1: >80%
FEV1/FVC: Normal


0 to 1/yr Step 1: SABA PRN


FEV1�forced expiratory volume in 1 second, FVC�forced vital capacity; ICS�inhaled corticosteroids, LABA�long-acting beta2 agonist, OCS�oral
corticosteroids, SABA�short-acting beta2 agonist
Adapted from the National Asthma Education and Prevention Program. Expert Panel Report 3: Guidelines for the Diagnosis and Management of Asthma, 2007.
NIH Publication No. 07-4051. Bethesda, Md: National Heart, Lung, and Blood Institute; 2007.
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smoking cessation (1-800-QUITNOW; 1-800-784-
8669).


Most children who have asthma (60% to 80%) are
sensitized to at least one aeroallergen. Common indoor
allergens include house dust mite, cockroach allergen,
animal dander, and molds. Prick skin testing or blood
testing (allergen-specific immune globulin E [IgE] con-
centrations) to detect sensitization to common indoor
allergens should be considered for any child experiencing
persistent asthma, so treatment recommendations can
be tailored to the individual child and family. Immuno-
therapy should be considered for children who have
documented sensitivities and mild or moderate persistent
asthma. (Evidence level B for house dust mite, animal
dander, and pollen.)


The most effective programs to reduce indoor aller-
gens are intensive, multifaceted interventions that ad-
dress more than one allergen. (3) House dust mite is a
common indoor allergen. Dust mite levels can be de-
creased by reducing indoor humidity, laundering bed-
ding in hot water, placing mite-impenetrable covers on
pillows and mattresses, and reducing “dust catchers”
(stuffed animals, curtains, books, carpet) in the bed-
room. Sensitization and exposure to cockroach allergen
has been associated with frequent exacerbations and
health-care use among inner-city children who have
asthma. (4) Decreasing cockroach antigen in the home
often requires an intensive integrated pest management
program. Because cockroaches require food and water,
basic elimination strategies include placing food and
garbage in closed containers, fixing water leaks, and
keeping food out of the bedroom. For children who are
sensitized to pets, animal dander can be a significant
asthma trigger, and efforts should be made to remove
pets from the home.


Exercise is a common precipitant of asthma symp-
toms in children. For some individuals, exercise-induced
bronchospasm (EIB) may be the only manifestation of
asthma. Children who have EIB experience cough,
shortness of breath, and rarely, wheezing, which begins
during vigorous activity, reaches a peak 5 to 10 minutes
after stopping exercise, and resolves 20 to 30 minutes
later. Bronchospasm occurs as a result of hyperventila-
tion of air that is cooler or dryer than the air found in the
respiratory tract, which leads to loss of heat or water from
the lung. Air pollutants, including ground-level ozone,
nitrogen dioxide, and small particulate matter, are airway
irritants and worsen the severity of EIB. Current guide-
lines recommend that individuals afflicted with asthma
“avoid, to the extent possible, exertion or exercise out-
side when levels of air pollution are high.” (1) The


symptoms of EIB can be prevented or diminished by the
administration of a SABA or sodium cromolyn 15 to
20 minutes prior to vigorous activity. Brief warm-up
periods prior to vigorous activity may lessen the severity
of EIB. Although exercise-associated asthma symptoms
are not considered when determining asthma severity,
severe or poorly controlled EIB often is a sign of persis-
tent or poorly controlled asthma. Use of daily inhaled
corticosteroids often results in improvement of EIB.


Comorbid conditions can affect asthma outcomes
adversely. The pediatrician should screen for these con-
ditions both at the initial assessment and as part of
ongoing care for children who have asthma. Common
comorbid conditions include infection, obesity, depres-
sion in child or parent, gastroesophageal reflux, allergies,
and obstructive sleep apnea.


Medical Management
Long-term Control Medications


Two types of medications are used to treat asthma:
long-term control (“prevention”) medications and
quick-relief medications, which reverse acute airflow ob-
struction. All children who have persistent asthma should
be started on a long-term control (“prevention”) medi-
cation. Such anti-inflammatory medications are taken
daily to reduce airway inflammation. The recommended
type and dose of long-term control medication depends
on the level of asthma severity and the age of the child.
The 2007 Guidelines provide tables with treatment rec-
ommendations (Tables 1 to 3).


Inhaled corticosteroids (ICSs) are the medication of
choice for all individuals suffering persistent asthma.
ICSs are the most effective anti-inflammatory medication
for asthma (evidence level A). ICSs reduce asthma symp-
toms, improve lung function, reduce acute exacerbations
of asthma, and reduce the risk of death from asthma.
Recent data show that ICSs are well-tolerated, safe med-
ications at the recommended dosages (Table 4). A recent
review provides additional information about ICSs. (5)


ICSs act topically on lung epithelium to inhibit cell
migration and activation and to reduce airway hyperre-
sponsiveness. ICSs block the late-phase (inflammatory)
reaction to allergen, but not the early-phase (broncho-
spasm) reaction. With daily administration, some effects
from ICSs may be seen within 1 to 2 weeks, but the full
anti-inflammatory effect may not be seen for 4 weeks.
Similarly, if a child stops taking ICSs, some protective
anti-inflammatory effects continue for several weeks after
the medication has been stopped. Potential local adverse
effects of ICS include oral candidiasis (thrush), dyspho-
nia (hoarseness), reflex cough, and bronchospasm. Such
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adverse effects may be minimized by using a valved
holding chamber (VHC) (“spacer”) with metered dose
inhalers (MDIs) (evidence level A), slowing the rate of
inhalation, as well as rinsing the mouth with water
(“rinse and spit”) following inhalation.


In general, the effectiveness of ICSs far outweighs the
potential adverse effects. A low-to-medium dose of ICS
may have a small adverse effect on linear growth velocity.
Data from the Childhood Asthma Management Pro-
gram study show that this effect occurs in the first few
months of treatment, is usually small, and is not progres-
sive. (6) No data suggest that ICSs affect final adult
height. High doses of ICSs may have a greater potential
to decrease growth velocity. Because of the potential risk
of decreased growth velocity, height should be moni-
tored closely in children taking ICSs, VHCs always
should be used to decrease systemic absorption, and the
ICS dose should be titrated to the lowest possible effec-
tive dose. ICSs have not been shown to decrease bone
mineral density or to cause cataracts in children. Low-to-
medium doses of ICSs have little, if any, effect on
hypothalamic-pituitary-adrenal axis function in children.
However, some individuals may be more sensitive to
adverse effects of ICSs, even at recommended doses.


Cromolyn sodium and nedocromil are anti-
inflammatory medications that stabilize mast cells and
interfere with chloride channel function. They prevent
both the early- and late-phase response to inhaled aller-
gens. These agents are alternative medications for long-
term control in children who have mild persistent asthma
and can be used to prevent EIB. Despite their excellent
safety profile, these medications are not preferred for
long-term control therapy because they are less effective
than ICSs.


Leukotriene modifiers interfere with the action of
leukotrienes, potent inflammatory mediators that are
released from mast cells, eosinophils, and basophils. Two
types of medications are available: the leukotriene recep-
tor antagonists (LTRAs), which include montelukast and
zafirlukast, and the 5-lipoxygenase inhibitor zileuton.
LTRAs are alternative, not preferred, therapy for chil-
dren who have mild persistent asthma. They also can be
used as “add-on” therapy for patients who do not achieve
good control with medium-dose ICSs. However, for
individuals 12 years of age and older, long-acting beta2


agonists (LABAs) are preferred adjunctive therapy with
ICSs because of demonstrated superiority compared
with the addition of LTRAs to ICSs. LTRAs can decrease
the severity of EIB.


LABAs provide at least 12 hours of bronchodilation


by stimulating beta2 receptors in the airway, which
increases the concentration of cyclic adenosine mono-
phosphate, causing relaxation of airway smooth muscle.
LABAs are available in a dry powder inhaler (DPI) (for-
moterol) and in combination with ICSs as either DPI
(salmeterol) or MDI (salmeterol and formoterol). Re-
cent studies have raised concerns about the safety of
LABAs and about the potential for increased risk of
exacerbations and adverse events in individuals taking
these medications. The United States Food and Drug
Administration requires a black box warning on any
medication containing LABAs. LABAs are not anti-
inflammatory medications and should not be used as
monotherapy in asthma. They should not be used to
treat acute exacerbations. These medications prevent
EIB, but the duration of this effect deteriorates with
long-term administration. Therefore, LABAs are not
recommended for chronic use before exercise.


LABAs are used along with ICSs for children who
have severe persistent asthma and do not achieve good
control and for those who have moderate persistent
asthma and do not achieve good control with medium-
dose inhaled ICSs (Step 3 level care or higher for children
5 years of age and older; Step 4 level care for children 0 to
4 years of age, although few data are available on the use
of LABAs in this age group). LABAs are the preferred
adjunctive therapy to be added to ICSs for youth 12 years
of age and older and for adults (Table 5).


Theophylline is a phosphodiesterase inhibitor that
increases cyclic adenosine monophosphate and causes
bronchodilation. It may have a small anti-inflammatory
effect. Theophylline is an alternative, not preferred,
monotherapy for children 5 years of age and older who
have mild persistent asthma and an alternative adjunctive
therapy to combine with ICS. Theophylline is primarily
a bronchodilator and is much less effective than ICSs
for long-term control. For these reasons and because of
concerns about potential toxicity, theophylline has a
limited role in the treatment of childhood asthma.


Omalizumab is a monoclonal anti-IgE antibody that
prevents binding of IgE to receptors on basophils and
mast cells. This medication can be used as adjunctive
therapy for patients 12 years of age and older who have
demonstrated sensitivity to aeroallergens and severe per-
sistent asthma that is not controlled well with high-dose
ICSs and LABAs. Because severe allergic reactions may
occur following infusion of omalizumab, physicians who
administer this medication must be prepared to treat
anaphylaxis.
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Quick-relief Medications
Quick-relief medications are used in all patients who
have asthma to reverse acute airway obstruction. This
category of medication includes the SABAs and anticho-
linergic medications. Systemic corticosteroids also are
included in the category of quick-relief medications.
Although systemic corticosteroids have a more delayed
onset of action, they are used to treat acute exacerbations
of asthma (see 2007 Guidelines for detailed dosage rec-
ommendations).


The SABAs (albuterol, levalbuterol, pirbuterol) relax
airway smooth muscle, resulting in bronchodilation
within minutes of administration. Peak effect is seen
within 15 to 30 minutes and wears off within 4 to
6 hours. SABAs are the treatment of choice for acute
exacerbations of asthma and are used to prevent EIB.
Common adverse effects include tachycardia, tremulous-
ness, and irritability. With prolonged use or at high
doses, these medications can cause hypokalemia. Exces-
sive or frequent use of SABAs (�2 days/wk) is associated
with poorly controlled asthma and an increased risk of
hospitalization and death.


The anticholinergic medications (eg, ipratropium) act
as bronchodilators by inhibiting muscarinic cholinergic
receptors and reducing vagal tone of the airways. They
are used in acute, moderate, or severe exacerbations of
asthma. Anticholinergics are effective adjuvant therapy in
combination with inhaled albuterol during the initial
emergency treatment of moderate or severe exacerba-
tions of asthma and are not recommended for the inpa-
tient setting.


Systemic corticosteroids are used in the treatment of
moderate or severe exacerbations of asthma. They im-
prove airway responsiveness to SABAs, improve lung
function, and decrease the risk of relapse from an acute
exacerbation. Onset of action is within 4 to 6 hours of
administration; oral administration is as effective as in-
travenous administration. The adverse effects from sys-
temic corticosteroids depend on the dose and duration
of use. Most studies report few adverse effects from short
“bursts” (3 to 10 days). Frequent use of systemic corti-
costeroids (eg, daily or �2 “bursts” per year) is a sign of
poorly controlled asthma and may be associated with
mild adrenal suppression. Table 5 summarizes a stepwise
approach to managing asthma in different age groups.


Some families use complementary and alternative
medical therapies to treat their children’s asthma. A re-
cent review provides additional information about the
safety and effectiveness of such therapies. (7)T
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Medication Delivery Devices
Asthma medications can be administered from a variety
of aerosol delivery devices, including MDIs, breath-
actuated MDIs, DPIs, and nebulizers. MDIs should be
used with a VHC, which is interposed between the MDI
and the child. VHCs improve deposition of medication
in the airways and reduce the amount of medication
deposited in the mouth and throat, thereby decreasing
local and systemic adverse effects.


Hydrofluoroalkane has replaced chlorofluorocarbon
as the propellant in all MDIs produced in the United
States. Hydrofluoroalkane produces a slightly softer, less
forceful spray compared with the older propellants.


VHCs are available with a mouthpiece or with a
facemask. Effective use of a VHC with a mouthpiece
requires that the child be able to: exhale, seal his or
her lips around the mouthpiece, actuate the MDI (with
help), take a slow (3 to 5 sec) and controlled inhalation,
and hold his or her breath for 5 to 10 seconds. Thus,
this device is most appropriate for school-age children.
A VHC with facemask can be used even in very young
children, with the help of an adult. This device is placed
on the face, with the mask covering the nose and mouth.
After the MDI has been actuated, the child is allowed to
take 6 to 8 breaths with the mask in place.


Currently, one quick-relief medication (pirbuterol) is
available in a breath-actuated MDI, which is used with-
out a spacer. The child must be able to seal his or her lips
around the inhaler mouthpiece and take a controlled
inhalation, which triggers the release of medication from
the device.


Several types of inhaled corticosteroids as well as
combination medicines (ICS � LABA) are available in
DPIs. DPIs offer the convenience of a compact device
that does not require use of a spacer. Although most of
the DPI devices are approved for children 4 years of age
and older, use of these devices requires coordination and
the ability to generate inspiratory flow, obviating their
use by most preschool-age children. The device must be
“loaded” prior to use so an aliquot of dry powder is
available for inhalation. To use a DPI, the child must
exhale away from the device, seal his or her lips around
the mouthpiece, and take a 2- to 3-second inhalation
with an inspiratory flow rate of 60 to 90 L/min.


Both long-term control and quick-relief medications
are available as solutions that can be nebulized. Jet nebu-
lizers can be used by children of all ages with either a
mouthpiece or face mask. If a child is capable of holding
the mouthpiece correctly, this is the preferred method of
use. If a mask is used, it should fit tightly around the nose
and mouth to maximize medication delivery to the air-


ways. The “blow-by” method (administration of nebu-
lized medication without using a face mask or mouth-
piece) is not effective and should not be used. Jet
nebulizers are useful for very young children or cogni-
tively impaired children who have difficulty using other
devices. However, because each nebulizer treatment
takes 10 to 15 minutes to administer and because the
machines may be more difficult to use away from home,
most children should be instructed in the use of an MDI
with VHC to deliver quick-relief medication. Quick-
relief medications delivered by MDIs with VHCs are
equivalent to nebulizer therapy for children who have
acute asthma (evidence level A). (8) (Albuterol 4 puffs by
MDI is equivalent to albuterol 2.5 mg nebulized.) Ad-
ditional information on asthma devices is available in the
Summary Report of the 2007 Guidelines and in online
materials (see Additional Resources).


The Physician-family Partnership for Care
Effective partnership between physicians and families is
critical in effective asthma management. Interventions to
improve physician communication and patient education
skills result in improved patient satisfaction and health
outcomes. (9) At each visit, the clinician should elicit
family treatment goals and their concerns about asthma
and medications used to treat asthma. Key educational
messages include: basic facts about asthma, the role of
medications (quick relief versus long-term control), and
patient skills (how to take medications correctly, how to
minimize exposure to asthma “triggers,” and the use of
a written asthma action plan). Providing pediatric asthma
self-management education improves lung function, re-
duces school absenteeism, and reduces emergency de-
partment visits (evidence level A). (10)(11)


All patients should be given a written asthma action
plan that includes instructions for how to control asthma
every day and how to recognize and manage asthma
symptoms as well as a list of signs and symptoms that
indicate the need to seek immediate medical care. Some
plans also include instructions about air quality alert days
and permission for children to self-carry and self-
administer asthma medications. Symptom-based plans
are just as effective as peak flow-based plans (evidence
level A). (12) Sample asthma action plan templates are
provided in the 2007 Guidelines. Additional information
about how to prepare a written asthma action plan as well
as an electronic template can be found in the online
resources (see Additional Resources).
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Periodic Monitoring
All patients who have persistent asthma should be mon-
itored at regular intervals (1 to 6 months, depending
on the category of asthma severity and asthma control).
Routine spirometry should be undertaken every 1 to 2
years to assess airway function or more frequently during
periods of poor asthma control. At each visit, the clini-
cian should determine the level of asthma control (Table
6). Asthma control is based on impairment (daytime
and nighttime symptoms, interference with normal ac-
tivity, use of SABA, and lung function) as well as
risk (frequency of exacerbations requiring oral corti-
costeroids). Excessive use of SABAs can be a sign of
poorly controlled asthma and is associated with increased
mortality.


If control is poor, the clinician should assess medica-
tion administration technique, adherence to therapy,
and environmental controls. Factors contributing to
poor asthma control should be addressed first, before
adjusting therapy. If no obvious explanation for poor
asthma control is identified, therapy should be “stepped
up” to the next level. For very poor control, a short
course of oral corticosteroids as well as a “step-up” in
therapy should be considered. The patient should be
re-evaluated in 2 to 6 weeks. If control has been good
for at least 3 months, a “step down” in care and re-


evaluation in 4 to 6 weeks should be considered. Daily
peak flow monitoring or monitoring during exacerba-
tions should be considered for patients who have a
history of severe exacerbations, who have moderate-to-
severe persistent asthma, or who have difficulty perceiv-
ing airway obstruction.


Management of Acute Exacerbations
Patients who have any degree of asthma severity can have
a severe exacerbation. Signs and symptoms of a severe
exacerbation include dyspnea at rest, peak flow rate less
than 40% of predicted or personal best, accessory muscle
use, and failure to respond to initial treatment. The initial
management of an acute exacerbation should include a
brief assessment, followed by administration of a SABA
either as repeated doses or continuously to reverse airway
obstruction. Inhaled anticholinergic medications, given
in combination with a SABA for moderate-to-severe
exacerbations in the acute-care setting, reduce the risk of
hospitalization. Oxygen should be administered to most
patients, particularly those experiencing hypoxemia or a
moderate or severe exacerbation. Systemic corticoste-
roids should be administered early in the treatment of
moderate or severe exacerbations and to any patient who
does not respond promptly to initial treatment. Cortico-
steroids improve airway sensitivity to beta2 agonists and


Table 6. Asthma Control
Well-controlled Not Well-controlled Very Poor Control


Child 0 to 11 Years
Day symptoms <2 days/wk >2 days/wk Throughout
Night symptoms 0 to 1/month >2/mo >2/wk
FEV1 percent predicted >80% 60% to 80% <60%
FEV1/FVC ratio >80% 75% to 80% <75%
Exacerbations 0 to 1/yr >2/yr >2/yr (>3/yr for 0 to 4 yr)
Action Maintain; consider step down


(if well-controlled for 3 months)
Recheck in 1 to 6 months


Review ICE
Step up
Recheck in 2 to 6 weeks


Review ICE
Step up 1 to 2 steps
Consider OCS
Recheck in 2 to 6 weeks


12 years to Adult
Day symptoms <2 days/wk >2 days/wk Throughout
Night symptoms 0 to 2/month 1 to 3/wk >4/wk
FEV1 percent predicted >80% 60% to 80% <60%
Exacerbations 0 to 1/yr >2/yr >2/yr
Action Maintain; consider step down


(if well-controlled for 3 months)
Recheck in 1 to 6 months


Review ICE
Step up 1 step
Recheck in 2 to 6 weeks


Review ICE
Step up 1 to 2 steps
Consider OCS
Recheck in 2 weeks


ICE�inhaler technique, compliance, environmental control and comorbidities, FEV1�forced expiratory volume in 1 second, FVC�forced vital capacity,
OCS�oral corticosteroids
Adapted from the National Asthma Education and Prevention Program. Expert Panel Report 3: Guidelines for the Diagnosis and Management of Asthma, 2007.
NIH Publication No. 07-4051. Bethesda, Md: National Heart, Lung, and Blood Institute; 2007.
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decrease inflammation; their effect is seen 4 to 6 hours
following administration. Small areas of atelectasis are
common during an acute exacerbation and do not re-
quire specific treatment. Similarly, antibiotics are not
indicated unless there is evidence of a bacterial infection.
At discharge from the emergency department, patients
should be given instructions for administration of a
SABA at home and a 3- to 10-day course of oral cortico-
steroids. Medical follow-up should be scheduled within
1 week.
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Additional Resources
Note: Readers should investigate these websites to see which of the


resources are best suited to their practice needs. Addresses are
case sensitive.


2007 Guidelines: http://www.nhlbi.nih.gov/guidelines/asthma/
American Academy of Pediatrics. Children’s Health Survey for


Asthma. Parent and Child-Report Versions: http://www.aap.
org/research/CHSA.htm


American Academy of Pediatrics. Devices to Help Deliver Asthma
Medications (patient handout): http://www.aap.org/sections/
allergy/gadgetschild.pdf


American Academy of Pediatrics. Education in Quality Improve-
ment for Pediatric Practice (EQIPP): Diagnosing and Manag-
ing Asthma in Pediatrics. An exercise for evaluating and improv-
ing practitioners’ management skills: http://www.pedialink.
org/cme/EQIPPasthma/


American Academy of Pediatrics. Questionnaires, office forms,
sample Asthma Action Plan: http://www.aap.org/schooledin
asthma/tools.htm


American College of Chest Physicians. Patient Instructions for
Inhaled Devices in English and Spanish (handouts): http://
www.chestnet.org/patients/guides/inhaledDevices.php


Asthma Coalition of Texas: http://www.texasasthma.org
Asthma Coalition of Texas. Asthma Action Plan (interactive elec-


tronic template): English: http://www.texasasthma.org/
attachments/wysiwyg/539/AAPEnglishFinalelectronic-2.pdf;
Spanish:http://www.texasasthma.org/attachments/wysiwyg/
539/AAPSpanishFinal_041708.pdf


Asthma Coalition of Texas. Asthma Devices. (PowerPoint instruc-
tional module): Part 1: http://www.texasasthma.org/attachments/
wysiwyg/539/4-AsthmaDevices_rev080408GCCWpt1.pdf; Part
2: http://www.texasasthma.org/attachments/wysiwyg/539/4-
AsthmaDevices_rev080408GCCWpt2.pdf


Asthma Coalition of Texas. How to Control Things That Make Your
Asthma Worse. (handout from 2007 Guidelines): English:
http://www.texasasthma.org/attachments/wysiwyg/539/
AsthmaTriggerChecklistEnglish0808.pdf; Spanish: http://
www.texasasthma.org/attachments/wysiwyg/539/Asthma
TriggerChecklistSpanish0307.pdf


California Asthma Public Health Initiative. Using Asthma Medicines
Correctly (video): http://www.betterasthmacare.org/#videos


Mayo Clinic. How to Use a Peak Flow Meter (video): http://
www.mayoclinic.com/health/asthma/MM00399


National Heart Lung and Blood Institute. Full Report of Expert
Panel Guidelines for the Diagnosis and Management of
Asthma (additional information about long-acting beta agonist
inhalers): http://www.nhlbi.nih.gov/guidelines/asthma/
evid_tbls.htm


Summary
• Initial management of asthma includes assignment


of severity category, identification of asthma
“triggers,” and development of a treatment plan
based on degree of severity.


• Inhaled corticosteroids are the medication of choice
for treatment of persistent asthma (evidence level
A).


• Environmental control is an important component of
asthma management.


• Patient education, including how to use a written
asthma action plan, is critical in managing asthma
(evidence level A).
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PIR Quiz
Quiz also available online at pedsinreview.aappublications.org.


1. An 8-year-old boy who has had asthma since the age of 2 years presents with increasingly frequent cough
and shortness of breath for the past 3 months. He was being treated with low-dose inhaled corticosteroid
and albuterol inhalations. His symptoms occur daily, they get worse when playing soccer, and they wake
him at night three to four times per week. What is the best description of the severity of his asthma?


A. Chronic recurrent.
B. Intermittent.
C. Mild persistent.
D. Moderate persistent.
E. Severe persistent.


2 An 8-year-old boy who has had asthma since the age of 2 years presents with increasingly frequent cough
and shortness of breath for the past 3 months. He was being treated with low-dose inhaled corticosteroid
and albuterol inhalations. His symptoms occur daily, they worsen when he plays soccer, and they wake him
at night 3 to 4 times per week. Which of the following is the best course of action at this time?


A. Continue current regimen while suspending playing soccer until symptoms improve.
B. Increase the frequency of albuterol inhalations to every 4 hours.
C. Increase inhaled corticosteroid therapy to medium-dose.
D. Institute omalizumab therapy.
E. Start on sodium cromolyn inhalations prior to playing soccer.


3. A 4-year-old-girl is being treated for moderate persistent asthma with a medium-dose inhaled
corticosteroid and long-acting beta2 agonist. She continues to have cough and wheezing 3 to 4 days a
week and 1 night a week. Which of the following will be accomplished by the addition of montelukast to
her regimen?


A. Inhibition of leukotriene receptor responsiveness.
B. Inhibition of phosphodiesterase activity.
C. Prevention of binding of IgE to receptors on basophils.
D. Stabilization of mast cell membrane.
E. Stimulation of adenyl cyclase activity.


4. A 7-year-old girl is being treated for severe persistent asthma with high-dose inhaled corticosteroids along
with a long-acting beta agonist and montelukast. Which of the following is the most important to monitor
during follow-up visits?


A. Bone mineral density.
B. Fasting blood glucose.
C. Left ventricular wall thickness.
D. Rate of increase in height.
E. Subcapsular cataracts.
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INTRODUCTION — Methicillin-resistant Staphylococcus aureus (MRSA, oxacillin minimum inhibitory 
concentration [MIC] ≥4 mcg/mL) has increased in prevalence worldwide as both a healthcare-
associated and a community-associated pathogen. Community-associated MRSA (CA-MRSA) most 
frequently causes skin and soft tissue infections (SSTI) [1-3]. However, it is also associated with 
invasive infections, particularly pneumonia and musculoskeletal infections. (See "Epidemiology and 
clinical spectrum of methicillin-resistant Staphylococcus aureus infections in children".) 


The substantial prevalence of CA-MRSA as a cause of SSTI [4] and the increasing prevalence of 
multidrug-resistant CA-MRSA calls for changes in the approach to the evaluation and management of 
suspected S. aureus SSTI in children. MRSA is the most common identifiable cause of SSTI in many 
communities and should be suspected (along with methicillin-susceptible S. aureus and group A 
streptococcus) in children with SSTI. The evaluation and management of suspected methicillin-
resistant S. aureus SSTI will be reviewed here. The epidemiology, prevention, and control of MRSA 
infections in children and the treatment of invasive MRSA infections in children are discussed 
separately. (See "Epidemiology and clinical spectrum of methicillin-resistant Staphylococcus aureus 
infections in children" and "Prevention and control of methicillin-resistant Staphylococcus aureus in 
children" and "Treatment of invasive methicillin-resistant Staphylococcus aureus infection in 
children".) 


General aspects of management of SSTI and the treatment of SSTI in adults also are discussed 
separately. (See "Cellulitis and erysipelas" and "Skin abscesses, furuncles, and carbuncles" and 
"Impetigo" and "Folliculitis" and "Treatment of skin and soft tissue infections due to methicillin-
resistant Staphylococcus aureus in adults".) 


EVALUATION 


History — Important aspects of the history in a child with SSTI include risk factors for MRSA, 
underlying medical conditions, recent use of antibiotics, trauma to skin, including any foreign body 
that could be imbedded, exposure to ill contacts (eg, group A streptococcus), animal bites, and allergy 
to antibiotics. 


Although it is impossible to distinguish MRSA from MSSA on clinical or epidemiologic grounds [5,6], it 
is important to inquire whether children with SSTI have risk factors for MRSA, particularly a previous 
history of boils, abscesses, infection or colonization with MRSA in the patient or close contacts, and/or 







underlying medical conditions [7]. MRSA isolates in children with healthcare risk factors are more 
likely to be resistant to clindamycin and other commonly used drugs than isolates from children 
without risk factors [2,8,9]. (See "Epidemiology and clinical spectrum of methicillin-resistant 
Staphylococcus aureus infections in children", section on 'Epidemiology and risk factors'.) 


Examination — Examination features determine the type and severity of SSTI. Important aspects of 
the examination include general appearance, the presence of systemic signs (eg, fever, hypotension, 
tachycardia), and the extent of involvement of the skin and soft tissues. Staphylococcal SSTI may be 
falsely attributed to spider bites by both patients and clinicians [10,11]. 


 Localized pustules – Localized pustules have a number of infectious causes. Two common 
causes in children include impetigo and folliculitis. Impetigo is a superficial bacterial infection 
that manifests with lesions that progress from papules to vesicles, pustules, and crusts. 
Folliculitis is a superficial bacterial infection of the hair follicles with purulent material in the 
epidermis. (See "Approach to the patient with pustular skin lesions" and "Impetigo" and 
"Folliculitis".) 


 Furuncles and carbuncles – A furuncle (or "boil") is an infection of the hair follicle in which 
purulent material extends through the dermis into the subcutaneous tissue, where a small 
abscess forms. A carbuncle is a coalescence of several inflamed follicles into a single 
inflammatory mass with purulent drainage from multiple follicles in the epidermis (picture 1). 
(See "Folliculitis".) 


 Skin abscess – Skin abscesses are collections of pus within the dermis and deeper skin 
tissues. (See "Skin abscesses, furuncles, and carbuncles".) 


 Cellulitis – Cellulitis is an infection of the deep dermis and subcutaneous fat without an 
underlying suppurative focus; it manifests with erythema, edema, and warmth. (See "Cellulitis 
and erysipelas".) 


Laboratory evaluation — Laboratory evaluation is necessary to determine the microbiologic etiology of 
SSTI. Various bacterial and viral pathogens can cause skin lesions that are clinically indistinguishable 
from MRSA [12,13]. (See "Impetigo" and "Folliculitis" and "Skin abscesses, furuncles, and carbuncles" 
and "Cellulitis and erysipelas".) 


Before the emergence of CA-MRSA, obtaining material for culture and susceptibility testing was not a 
routine part of management of SSTI in children [14]. Such infections were easily treated with beta-
lactam antimicrobials (eg, antistaphylococcal penicillins, first- or second-generation cephalosporins). 
However, given the high prevalence of MRSA as a cause of SSTI, and the geographic and temporal 
variability of CA-MRSA antimicrobial susceptibility, this practice may need to be reconsidered 
[6,10,15-17]. 


Culture and susceptibility testing results guide decisions regarding antimicrobial therapy [6,10,17]. 
Culture results also are important in monitoring the local proportion of S. aureus infections caused by 
MRSA and the prevalence of resistance to various classes of antimicrobials [6,10,12,16]. 


 Wound cultures – We suggest that specimens for Gram stain, culture, and susceptibility 
testing be obtained from patients with abscesses or purulent skin lesions if purulent material 
can be obtained [11,12,18]. It is particularly important to obtain wound cultures from 
immunocompromised patients and those with severe local infections, systemic signs of 
infection, recurrent or multiple abscesses, an epidemiologic link to individuals with MRSA 
infection, and those who have failed initial treatment [12,19]. 


 Blood culture – We suggest blood cultures be obtained from patients who have signs of 
systemic infection (eg, prolonged fever, tachycardia, hypotension), especially those with 
cellulitis and underlying conditions [19,20]. 


 Nasal cultures – We do not suggest obtaining routine nasal cultures from patients presenting 
with possible MRSA infection [12]. The predictive value of screening for colonization is not 
known [21]. In addition, nasal and wound isolates may be discordant with respect to 
antimicrobial susceptibility and pulsed-field gel electrophoresis [22]. 







 Gram stain – Gram stain identification of gram-positive cocci in clusters provides early 
indication of staphylococcal infection, which can help guide empiric therapy. If S. aureus is 
isolated in bacterial culture, susceptibility testing is necessary to distinguish MRSA from MSSA 
[5]. In some laboratories, methicillin-resistance maybe detected rapidly using commercially 
available molecular tests for the mecA gene that leads to methicillin-resistance. (See "Rapid 
detection of methicillin-resistant Staphylococcus aureus".) 


 Susceptibility testing – S. aureus isolates should be tested for susceptibility to beta-lactam 
antibiotics, rifampin, trimethoprim-sulfamethoxazole (TMP-SMX), tetracyclines, erythromycin, 
clindamycin, vancomycin, linezolid, and daptomycin [23]. A D test for inducible resistance to 
clindamycin should be performed on isolates that are resistant to erythromycin but susceptible 
to clindamycin if clindamycin therapy is being considered. (See "Epidemiology and clinical 
spectrum of methicillin-resistant Staphylococcus aureus infections in children", section on 
'Microbiologic characteristics' and "Overview of antibacterial susceptibility testing", section on 
'D test'.) 


TREATMENT OVERVIEW — In the absence of controlled studies of the treatment of suspected MRSA 
SSTI in children, treatment is based upon clinical factors and local susceptibility patterns [11]. 
Information regarding local susceptibility patterns can be obtained from local public health officials or 
hospital laboratories. 


The approach to treatment provided below is based upon that suggested by the American Academy of 
Pediatrics Committee on Infectious Diseases and the Infectious Diseases Society of America [11,18]. 


Drainage, adjunctive antimicrobial therapy, wound care, patient education, and reliable follow-up are 
the primary components of management of MRSA SSTI [11,18]. Empiric management strategies vary 
depending upon patient age, comorbid conditions, and the severity of the infection. 


Mild superficial infections (eg, localized impetigo, pustules, or folliculitis) can usually be managed in 
the outpatient setting with topical antimicrobials. (See 'Topical agents' below.) Small abscesses (<5 
cm in diameter) in patients without systemic signs or underlying conditions can usually be managed 
with incision and drainage (with or without oral antimicrobials). Deeper abscesses and/or infections in 
children with underlying medical problems usually require hospitalization for surgical drainage and/or 
parenteral antimicrobial therapy [10,11,18]. 


Drainage — We recommend drainage of purulent and fluctuant lesions [10-12,18,24,25]. 


Purulent fluid should be sent for Gram stain, culture, and susceptibility testing [11]. For patients with 
small furuncles that are not amenable to incision and drainage, application of moist heat may help to 
promote drainage [10,12,26]. (See "Technique of incision and drainage for skin abscess" and 
'Laboratory evaluation' above.) 


The importance of incision and drainage is illustrated by the following observations: 


 In the pre-CA-MRSA era, similar outcomes were achieved in patients with cutaneous 
abscesses who were treated with incision and drainage alone or incision and drainage plus 
antibiotics [27,28] 


 In a prospective review of 201 patients with staphylococcal SSTI, lack of incision and drainage 
was associated with clinical nonresponse [29] 


 In observational and randomized studies, most patients with uncomplicated skin abscesses 
who underwent incision and drainage or spontaneous drainage improved despite adjunctive 
therapy with antibiotics to which their isolates were not susceptible [30-33] 


Drainage alone may be adequate therapy for previously healthy children with uncomplicated skin 
lesions <5 cm in diameter and no systemic signs [25,30,33]. However, we suggest adjunctive oral 
antimicrobial therapy in selected circumstances, as noted below. (See 'Antimicrobial therapy' below.)  







Treatment of skin abscess with drainage alone was evaluated in a randomized trial in 161 children 
without underlying medical conditions who presented to an emergency department with skin abscess 
and temperature <38.4ºC [25]. After drainage, the children were randomly assigned to receive 10 
days of trimethoprim-sulfamethoxazole (TMP-SMX) or placebo. More than 90 percent of the lesions 
were <5 cm in diameter on ultrasonography, and approximately 80 percent of the lesions in both 
groups grew CA-MRSA. At the 10-day follow-up, clinical resolution was similar in the TMP-SMX and 
placebo groups (96 and 95 percent, respectively). New lesions were more common in the placebo 
group at 10 days (26 versus 3 percent), but not at 30 days (approximately 28 percent in both 
groups). These findings suggest that antibiotics may not be necessary for resolution of skin abscess, 
but may be helpful in preventing short-term recurrence. 


In a randomized trial comparing an agent with high MRSA activity (clindamycin) and an agent without 
MRSA activity (cephalexin) for uncomplicated SSTI in 200 children, spontaneous drainage occurred or 
a drainage procedure was performed in 97 percent of cases [33]. Although MRSA was isolated from 69 
percent of wound cultures, there was no difference in the rates of improvement at 48 to 72 hours (97 
and 94 percent, respectively) or complete resolution at seven days (94 and 97 percent, respectively) 
between groups. These findings confirm those of an observational study in 69 children with MRSA 
SSTI (most with lesions <5 cm in diameter) who improved after incision and drainage even if they 
were treated with an antimicrobial to which their isolate was not susceptible [30]. Together, these 
studies suggest that drainage and close follow-up are more important than antimicrobial choice for 
successful treatment of MRSA SSTI [33]. 


Antimicrobial therapy — In addition to drainage, adjunctive antimicrobial therapy may be warranted 
for certain patients [11,12,18]. There is some evidence from observational studies that appropriate 
antimicrobial therapy is beneficial [17,34-36], particularly for children with lesions >5 cm in diameter 
[30]. The effect of adjunctive antimicrobial therapy on the recurrence, secondary spread, and 
progression of disease has not been adequately studied [10]. 


Factors to be considered in the decision to use adjunctive antimicrobial therapy include age, severity 
and progression of local symptoms, signs or symptoms of systemic infection, associated chronic illness 
or immunosuppression, site of infection (eg, face, hands, or perineum) response to initial treatment 
with incision and drainage, and potential adverse effects of antimicrobial therapy [11,12,18]. 


We recommend adjunctive systemic antimicrobial therapy for children with SSTI >5 cm in diameter; 
those with systemic signs of illness; infections of the face, hands, and perineum; those under 12 
months of age; those with underlying medical conditions (other than asthma or eczema); and those 
who have failed treatment with incision and drainage alone [11,12,18]. 


Initial options for oral therapy in children with SSTI include trimethoprim-sulfamethoxazole, 
clindamycin, or tetracyclines; linezolid is a second-line agent (table 1). Each of these agents has 
advantages and disadvantages, described below. (See 'Systemic agents' below.) 


Education — Patient education regarding methods to limit spread of infection is an essential 
component of management of MRSA SSTI [12]. (See "Prevention and control of methicillin-resistant 
Staphylococcus aureus in children", section on 'In the community'.) 


APPROACH FOR CHILDREN >30 DAYS OF AGE 


Empiric therapy — Empiric treatment strategies for children >30 days of age with SSTI depend upon 
severity. 


Mild SSTI — SSTI that occur in children who are afebrile and previously healthy are classified as mild 
[11]. Incision and drainage (if the lesions are fluctuant) alone may be adequate for mild SSTI. (See 
'Drainage' above.) 







Folliculitis and localized pustules can usually be treated topically [18]. Empiric oral therapy depends 
upon local susceptibility patterns, the likelihood of Streptococcus pyogenes (group A streptococcus), 
and the age of the child. (See 'Topical agents' below and 'Systemic agents' below.) 


When MRSA is a consideration in children with mild SSTI, if systemic antibiotic therapy is warranted, 
we suggest oral empiric therapy with a non-beta-lactam antibiotic [23]. Options for oral therapy 
include (table 1) [11,18,23,37]: 


 Clindamycin (if the prevalence of clindamycin-resistant MSSA and MRSA in the community is 
low (ie, <10 percent)) 


 TMP-SMX (if S. pyogenes is unlikely) 
 Doxycycline (if the child is ≥8 years of age and S. pyogenes is unlikely) 


In a retrospective cohort of 41,094 children with SSTI who were treated with clindamycin, TMP-SMX, 
or a beta-lactam antibiotic without drainage, the rates of treatment failure and recurrence were 6 and 
18 percent, respectively [36]. The risk of treatment failure and recurrence were increased in children 
treated with TMP-SMX compared with clindamycin (adjusted odds ratio 1.67 [95% CI 1.44-1.95] for 
treatment failure and adjusted hazard ratio 1.3 [95% CI 1.18-1.44] for recurrence) [36]. Pending 
additional data from randomized trials, we do not have a preference for clindamycin or TMP-SMX for 
patients who have undergone drainage. For patients that have not undergone drainage, clindamycin 
may have some advantage. However, increased use of clindamycin may result in increased 
clindamycin resistance. Other advantages and disadvantages of these agents are discussed below. 
(See 'Systemic agents' below.)  


In communities with a low prevalence of MRSA (ie, <10 percent), empiric therapy with a beta-lactam 
agent is an alternative for infants and children without underlying conditions, and for infections not 
involving the face, hands, or perineum (eg, a first- or second-generation cephalosporin, cloxacillin, 
dicloxacillin). 


The provision of empiric MRSA coverage does not necessarily result in improved outcomes for children 
with mild SSTI. A retrospective case-control study assessed treatment failure among 2096 children 
from an area with a high prevalence of MRSA who were treated with a single oral antimicrobial agent 
for SSTI that, in the opinion of the treating provider, did not require drainage or culture [38]. 
Treatment failure occurred in 5 percent. Compared with beta-lactam therapy, clindamycin provided no 
benefit (OR for treatment failure 1.4, 95% CI 0.76-2.59), whereas TMP-SMX was associated with an 
increased risk of treatment failure (OR 2.35, 95% CI 1.28-4.34). These findings suggest that S. 
pyogenes may be a more common cause, and MRSA a less common cause, of mild SSTI (even in 
MRSA-endemic areas) and that empiric coverage for MRSA may not be necessary for skin infections 
that are not drained, especially impetigo. However, the findings must be validated in prospective 
studies. 


Moderate SSTI — SSTI that occur in children who are febrile and/or ill appearing, but previously 
healthy, are classified as moderate [11]. We recommend that moderate SSTI be treated with incision 
and drainage (if the lesions are fluctuant) and adjunctive antimicrobial therapy [11,18]. 


Decisions regarding oral versus parenteral therapy depend upon the presence of systemic signs; age 
of the child; size and location of the lesions; and concerns regarding adherence to therapy and follow-
up plans. We suggest initial parenteral therapy for children with systemic signs of illness. We also 
suggest initial parenteral therapy (one to two doses) for children (of any age) with multiple sites of 
infection; and for preschool children with abscesses on the face or perineum, or lesions larger than 5 
cm. Initial parenteral therapy for children may be administered in an emergency department 
observation or “short-stay” unit if one is available.  


When MRSA is a consideration in children with moderate SSTI, options for oral therapy include (table 
1) [11,18,23,37]: 







 Clindamycin (if the prevalence of clindamycin-resistant MSSA and MRSA in the community is 
low (ie, <10 percent)) 


 TMP-SMX (if S. pyogenes is unlikely) 
 Doxycycline (if the child is ≥8 years of age and S. pyogenes is unlikely) 


In a retrospective cohort of 6407 children with SSTI who were treated with a drainage procedure and 
clindamycin, TMP-SMX or a beta-lactam antibiotic, the rates of treatment failure and recurrence were 
9 and 23 percent, respectively [36]. The risk of treatment failure and recurrence were increased in 
children treated with TMP-SMX compared with clindamycin (adjusted odds ratio 1.92 [95% CI 1.49-
2.47] for treatment failure and adjusted hazard ratio 1.26 [95% CI 1.06-1.49] for recurrence) [36]. 
Pending additional data from randomized trials, we do not have a preference for clindamycin or TMP-
SMX for children who have undergone drainage and are treated as outpatients; increased use of 
clindamycin may result in increased clindamycin resistance.  


Options for parenteral therapy include vancomycin or clindamycin (if the prevalence of clindamycin-
resistant MRSA is less than 10 percent in the community), pending results of culture and susceptibility 
testing [11,18,23]. The advantages and disadvantages of these agents are discussed below. (See 
'Systemic agents' below.) 


Severe SSTI — SSTI that are limb-threatening or occur in children who are toxic appearing are 
classified as severe [11]. In addition, immunocompromised children or those with chronic conditions 
other than asthma or eczema should generally be managed in the same manner as children with 
severe SSTI, even if the SSTI does not appear to be limb- or life-threatening. 


We recommend that children with severe SSTI be treated with incision and drainage (if the lesions are 
fluctuant) and hospitalized for parenteral antimicrobial therapy [11,18]. Options for parenteral therapy 
include vancomycin or clindamycin (if the prevalence of clindamycin-resistant MRSA is less than 10 
percent in the community), pending results of culture and susceptibility testing [11,18,23]. Linezolid 
(600 mg twice daily intravenously [IV] for children ≥12 years of age; 10 mg/kg per dose [maximum 
dose 600 mg] every 8 hours IV for children <12 years) is another alternative for parenteral therapy in 
hospitalized children [18].   


Treatment of invasive MRSA infection (ie, infection that has spread beyond the skin and soft tissues) is 
discussed separately. (See "Treatment of invasive methicillin-resistant Staphylococcus aureus 
infection in children", section on 'Treatment approach'.) 


Critically ill patient — We recommend that critically ill patients (eg, those with hemodynamic 
compromise) be hospitalized for incision and drainage (if the lesions are fluctuant) and parenteral 
antimicrobial therapy. We suggest an empiric regimen of vancomycin plus nafcillin for critically ill 
patients with suspected MRSA SSTI. The combination of vancomycin and nafcillin is necessary to 
maximize coverage for both MRSA and methicillin-susceptible MSSA. Given that there is little to no 
evidence that adding gentamicin for potential synergy is beneficial in adults, we do not suggest the 
addition of gentamicin; even at low doses, gentamicin is associated with increased nephrotoxicity in 
adults [39]. 


Treatment of invasive MRSA infection (ie, infection that has spread beyond the skin and soft tissues) is 
discussed separately. (See "Treatment of invasive methicillin-resistant Staphylococcus aureus 
infection in children", section on 'For critically ill'.) 


Definitive therapy — When the etiologic agent and susceptibility are known, antimicrobial therapy can 
be narrowed as indicated. MSSA infections can be treated orally with a beta-lactam agent (eg, 
dicloxacillin, cephalexin) or intravenously with a semisynthetic penicillin (eg, nafcillin, oxacillin) or 
cefazolin [11]. MRSA can be treated orally or intravenously with agents to which they are susceptible 
(table 1). 







Avoiding the use of vancomycin, clindamycin, and linezolid when the isolate is susceptible to other 
drugs may help to minimize promotion of resistance to these drugs (which are crucial to the treatment 
of invasive infections) [16]. (See "Treatment of invasive methicillin-resistant Staphylococcus aureus 
infection in children", section on 'Treatment approach'.) 


Duration — The total duration of therapy for staphylococcal SSTI depends upon clinical response; a 
total of 7 to 14 days is usually adequate if there are no complications. 


APPROACH FOR CHILDREN ≤30 DAYS OF AGE — The Infectious Diseases Society of America 
provides guidance for the management of invasive methicillin-resistant S. aureus (MRSA) infections in 
infants (≤30 days of age) [18]. The guidelines are based upon observations from a single-institution 
review of 126 cases treated between 2001 and 2006 [40]. The safety and efficacy of topical, oral, and 
parenteral therapy for CA-MRSA infections have not been well evaluated in this age group [13]. 


We suggest that local pustulosis in full-term neonates without other signs or symptoms of infection be 
treated with topical antibiotic therapy (eg, mupirocin) in the outpatient setting [13,18]; close follow-
up of such patients is imperative [40]. Blood culture and lumbar puncture are not necessary in such 
infants unless they have signs of sepsis. We recommend that local pustulosis in premature or very 
low-birth weight infants be treated parenterally at least until bacteremia is excluded [18]. 


We recommend hospital admission for infants ≤30 days with more severe SSTI (eg, cellulitis, abscess, 
mastitis, pustulosis involving multiple sites) and for those who undergo evaluation for serious bacterial 
infection (eg, bacteremia, urinary tract infection, meningitis, arthritis, osteomyelitis). We suggest that 
all neonates with infections that are more severe than localized pustulosis and those with systemic 
symptoms or fever undergo evaluation with blood and urine cultures; cerebrospinal fluid cultures 
should be obtained as clinically indicated [40]. Significant cerebrospinal (CSF) pleocytosis with sterile 
CSF culture may be seen in association with CA-MRSA infection in neonates [40]. The pathogenesis of 
the pleocytosis is unclear. (See "Evaluation and management of fever in the neonate and young infant 
(less than three months of age)" and "Mastitis and breast abscess in infants, children, and 
adolescents", section on 'In neonates'.) 


Empiric parenteral antibiotics for SSTI in neonates should be based upon the local susceptibility 
pattern of community-associated S. aureus isolates [13]. We suggest vancomycin, clindamycin, or 
linezolid for neonates with staphylococcal infection limited to the skin and soft tissues [13,18,40]. 
Gentamicin may be added to broaden coverage for other neonatal pathogens. (See "Clinical features 
and diagnosis of sepsis in term and late preterm infants", section on 'Etiologic agents'.)  


The treatment of infants ≤30 days with MRSA infections that have extended beyond the skin and skin 
structures is discussed separately. (See "Treatment of invasive methicillin-resistant Staphylococcus 
aureus infection in children", section on 'Treatment of neonates'.) 


The total duration of therapy for staphylococcal SSTI in neonates depends upon clinical response; a 
total of 7 to 14 days is usually adequate if there are no complications [40]. Parenteral therapy for 
infants with noninvasive infection should continue until all of the following criteria are met: 


 Resolution of systemic symptoms and fever 
 Improvement in other clinical findings 
 Antibiotic susceptibility results are available 
 Systemic bacterial cultures (urine, blood, CSF) isolate no pathogens during at least 48 hours 


of incubation 


Results of antibiotic susceptibility testing should be used to make decisions about which oral antibiotic 
to use for continuation of systemic therapy. Appropriate oral agents for neonates with noninvasive 
infection include amoxicillin-clavulanate, cephalexin, and clindamycin, depending upon the 
susceptibilities of the S. aureus isolated [41,42]. Linezolid may be used when the isolate is resistant to 
other agents, but should be used under close supervision by an expert in infectious disease [40]. TMP-







SMX should not be used in the immediate neonatal period because it may displace bilirubin, increasing 
the risk for bilirubin toxicity. (See "Evaluation of unconjugated hyperbilirubinemia in term and late 
preterm infants", section on 'Bilirubin/albumin ratio'.) 


FOLLOW-UP — Children who are treated for suspected MRSA in the outpatient setting should be 
instructed to seek medical care promptly if they develop systemic symptoms or if local symptoms 
worsen [10]. They should be seen for follow-up within 48 hours (whether or not antimicrobial therapy 
is prescribed) [26]. Follow-up is essential to ensure clinical improvement and determine the need for 
additional drainage or change in antimicrobial therapy [7]. 


Failure to respond — Initiation of or change in antimicrobial therapy (guided by culture and 
susceptibility results, if available) may be warranted for patients who have not improved after 48 
hours of antimicrobial therapy. 


 Alternatives for children who fail to improve while being treated with beta-lactam antibiotics 
include TMP-SMX, clindamycin, or a tetracycline (if ≥8 years of age). 


 Alternatives for children who fail to improve with TMP-SMX, clindamycin, or a tetracycline 
include parenteral vancomycin or oral or parenteral linezolid. 


 Alternatives for children who fail to improve with parenteral vancomycin or clindamycin include 
linezolid or daptomycin; consultation with an expert in infectious diseases is suggested. 


Recurrence — The recurrence rate for MRSA SSTI is believed to be at least 10 percent [43]. 
Recurrence is usually treated in the same way as the initial episode. Strategies to eliminate 
colonization are sometimes used, but the effectiveness of this approach in reducing recurrences is not 
clear [43]. (See "Prevention and control of methicillin-resistant Staphylococcus aureus in children", 
section on 'Eradication of carriage'.) 


ANTIMICROBIAL AGENTS — Most strains of MRSA that cause SSTI in the community are relatively 
susceptible to non-beta-lactam antibiotics [2,10,12,44-46]. However, there is temporal and 
geographic variability. Some strains are resistant to one or more non-beta-lactam antibiotics and 
some have susceptibility patterns similar to nosocomial isolates [47-50]. Local susceptibility data 
should be used to guide empiric treatment [12]. Definitive treatment is guided by results of 
susceptibility testing (if cultures are obtained). (See 'Definitive therapy' above.) 


Topical agents — Topical therapy with mupirocin is an option for children with mild, localized, 
superficial infections and no systemic signs. Retapamulin (for children older than nine months) may be 
effective but is not approved for treatment of MRSA infections [43]. High-level resistance to mupirocin 
associated with treatment failure and S. aureus mutants with decreased activity to retapamulin have 
been reported [51-54]. 


Systemic agents 


 TMP-SMX – Trimethoprim-sulfamethoxazole (TMP-SMX) is not approved by the US Food and 
Drug Administration (FDA) for the treatment of staphylococcal infection. Its use is supported 
by in vitro data demonstrating high levels of susceptibility and clinical experience 
[2,3,16,35,55-57]. In a large retrospective cohort of children with SSTI, treatment with TMP-
SMX was associated with increased risk of treatment failure and recurrence compared with 
clindamycin [36]. TMP-SMX is available in oral (liquid and tablet) and parenteral formulations, 
although there is currently a shortage of the intravenous formulation [58].  
 
TMP-SMX is often used in communities with a high prevalence (>10 percent) of MRSA with 
resistance to clindamycin [2,15,59,60]. The preferential use of TMP-SMX rather than 
clindamycin in communities with low prevalence MRSA resistance to clindamycin may help 
minimize promotion of resistance to clindamycin, which is also used in invasive infections 
[16,47,61].  
 
TMP-SMX is not active against Streptococcus pyogenes (group A streptococcus), another 







common cause of SSTI. It should not be used as a single agent if S. pyogenes SSTI is a 
consideration; some favor combination therapy with a beta-lactam antibiotic if S. pyogenes 
cannot be excluded [43]. 


 Clindamycin – Clindamycin is approved by the FDA for the treatment of serious S. aureus 
infections in children, including neonates. Its use is supported by in vitro susceptibility studies 
and clinical experience [36,47,61-63]. In a large retrospective cohort of children with SSTI, 
treatment with clindamycin was associated with decreased risk of treatment failure and 
recurrence than treatment with TMP-SMX [36]. Clindamycin is available in parenteral and oral 
(capsules and granules for oral solution) formulations. The oral solution may have an 
unpleasant taste for some children, which can be overcome by the addition of flavoring [64]. 
 
MRSA resistance to clindamycin varies from community to community, and appears to be 
increasing [16,45,47]. Clindamycin resistance is more likely in children with risk factors for 
MRSA than in previously healthy children [8,9]. In addition, resistance to clindamycin may 
emerge during therapy in MRSA strains with inducible resistance; these isolates appear 
susceptible to clindamycin and resistant to erythromycin by most standard techniques, but can 
be detected using the "D test" (picture 2) [47,48,65,66]. (See "Overview of antibacterial 
susceptibility testing", section on 'D test'.) 
 
Clindamycin is an option for the empiric treatment of suspected MRSA SSTI in communities 
where the prevalence of clindamycin resistance is <10 percent. Although there are case 
reports of successful clindamycin therapy for SSTI caused by S. aureus with inducible 
clindamycin resistance [67,68], clindamycin is best avoided when the D test (picture 2) is 
positive. 


 Tetracyclines – Doxycycline is FDA-approved for the treatment of S. aureus skin infections 
(but not specifically for those caused by MRSA) [12]. Support for the use of tetracyclines 
comes from observational studies in adults [69,70] and in vitro susceptibility data [31]. In a 
small case-series, doxycycline and minocycline appeared to be adequate for the treatment of 
MRSA SSTI [69]. Doxycycline is available in parenteral and oral formulations; minocycline is 
only available in an oral formulation. 
 
Tetracyclines are an option for the treatment of SSTI in children ≥8 years of age. Similar to 
TMP-SMX, tetracyclines are not active against S. pyogenes and should not be used as a single 
agent if S. pyogenes SSTI is a consideration [71]; some favor combination therapy with a 
beta-lactam antibiotic if S. pyogenes cannot be excluded [43]. 


 Linezolid – Linezolid is an oxazolidinone antibiotic active against many antibiotic-resistant 
gram-positive cocci. It is bacteriostatic for S. aureus and is approved by the FDA for use in 
complicated skin infections, including cases caused by MRSA in neonates, children, and adults 
[72,73]. It is available in oral (tablets and powder for oral suspension) and parenteral 
formulations. 
 
In controlled trials, linezolid was as effective as cefadroxil or vancomycin for uncomplicated 
SSTI in children [73-75]. In a study in adults with complicated SSTI, it was at least as 
effective as vancomycin [76]. 
 
The use of linezolid for SSTI is limited by cost and toxicity (bone marrow suppression, 
peripheral and optic neuropathy) if used for a prolonged time [18,77]. It should be reserved 
for those who do not respond to or cannot tolerate other agents or whose isolates are 
resistant to clindamycin and TMP-SMX. 


 Rifampin – Rifampin is not recommended in the treatment of SSTI [18].  
 Vancomycin – Vancomycin is the drug of choice for the treatment of invasive infections caused 


by MRSA. Vancomycin (plus nafcillin or oxacillin) should be used for empiric treatment of 
critically ill children with SSTI. (See 'Critically ill patient' above and "Treatment of invasive 
methicillin-resistant Staphylococcus aureus infection in children", section on 'For critically ill'.) 
 
Vancomycin is also an option for children with moderate or severe SSTI in communities with a 
high prevalence of clindamycin resistance. (See 'Moderate SSTI' above and 'Severe SSTI' 
above.) 







 Daptomycin – Daptomycin is a lipopeptide antibiotic that is approved for the treatment of 
complicated SSTI in adults. The pharmacokinetics, safety, and efficacy of daptomycin for 
children with SSTI are under investigation [78,79].  


 Ceftaroline – Ceftaroline is a fifth generation cephalosporin that is approved for the treatment 
of complicated MRSA SSTI in adults. The pharmacokinetics, safety and efficacy of ceftaroline 
in children with SSTI are unknown. 


 Other drugs – Fluoroquinolones (eg, ciprofloxacin) and macrolides (eg, erythromycin, 
azithromycin) are not suggested for the treatment of suspected MRSA SSTI because there is a 
relatively high prevalence of resistance among S. aureus isolates in the community [55]. 


INFORMATION FOR PATIENTS — UpToDate offers two types of patient education materials, “The 
Basics” and “Beyond the Basics.” The Basics patient education pieces are written in plain language, at 
the 5th to 6th grade reading level, and they answer the four or five key questions a patient might have 
about a given condition. These articles are best for patients who want a general overview and who 
prefer short, easy-to-read materials. Beyond the Basics patient education pieces are longer, more 
sophisticated, and more detailed. These articles are written at the 10th to 12th grade reading level and 
are best for patients who want in-depth information and are comfortable with some medical jargon. 


Here are the patient education articles that are relevant to this topic. We encourage you to print or e-
mail these topics to your patients. (You can also locate patient education articles on a variety of 
subjects by searching on “patient info” and the keyword(s) of interest.)  


 Beyond the Basics topics (see "Patient information: Methicillin-resistant Staphylococcus aureus 
(MRSA) (Beyond the Basics)") 


SUMMARY AND RECOMMENDATIONS 


General 


 We recommend drainage of purulent or fluctuant lesions (Grade 1B). Purulent fluid should be 
sent for Gram stain, culture, and susceptibility testing. Blood culture should be obtained from 
patients with signs of systemic infection. (See 'Drainage' above and 'Laboratory evaluation' 
above.) 


 We suggest that localized superficial infections (eg, impetigo, pustulosis, folliculitis) be treated 
with topical antibiotic therapy in the outpatient setting (Grade 2C). (See 'Treatment overview' 
above and 'Topical agents' above.) 


Children >30 days 


 Incision and drainage alone may be adequate therapy for skin and soft-tissue infections (SSTI) 
<5 cm in diameter in previously healthy children without systemic signs. However, when 
methicillin-resistant Staphylococcus aureus (MRSA) is a consideration in such children with 
selected features including young age, underlying condition, and certain sites of infection, we 
suggest adjunctive oral antimicrobial therapy (Grade 2B). (See 'Drainage' above and 'Mild 
SSTI' above.) 


 Options for oral therapy include trimethoprim-sulfamethoxazole (if Streptococcus pyogenes is 
not a consideration), clindamycin (if local resistance is <10 percent), or tetracyclines (if S. 
pyogenes is not a consideration and the child is ≥8 years old) (table 1). (See 'Mild SSTI' above 
and 'Systemic agents' above.) 


 We suggest parenteral antimicrobial therapy for children with SSTI and systemic signs of 
illness, underlying medical conditions, or limb-threatening infections (Grade 2C). The location 
of the infection, age of the child, and presence of multiple sites of infection also influence the 
decision to hospitalize the child. We also suggest initial parenteral therapy (one to two doses) 
for children (of any age) with multiple sites of infection; and for preschool children with 
abscesses on the face or perineum, or lesions larger than 5 cm in diameter (Grade 2C). Initial 
parenteral therapy may be administered in an emergency department observation or “short-
stay” unit if one is available. (See 'Moderate SSTI' above and 'Severe SSTI' above.)  







 Options for empiric parenteral therapy include vancomycin, clindamycin (if the prevalence of 
clindamycin-resistant MRSA is less than 10 percent in the community), or linezolid. We 
suggest vancomycin plus nafcillin for critically ill patients with suspected MRSA SSTI (Grade 
2B). (See 'Moderate SSTI' above and 'Critically ill patient' above and "Treatment of invasive 
methicillin-resistant Staphylococcus aureus infection in children", section on 'For critically ill'.) 


Children ≤30 days 


 We recommend hospital admission and parenteral antimicrobial therapy for local pustulosis in 
premature or very low-birth-weight infants (Grade 1B). We recommend hospital admission 
for infants ≤30 days with SSTI more severe than localized pustulosis (eg, pustulosis in 
multiple sites, cellulitis, abscess, mastitis) and for those who undergo evaluation for serious 
bacterial infection (eg, bacteremia, urinary tract infection, meningitis, arthritis, osteomyelitis) 
(Grade 1B). (See 'Approach for children ≤30 days of age' above.) 


 Empiric parenteral antibiotics for SSTI in neonates should be based upon the local 
susceptibility pattern of community-associated S. aureus isolates. Vancomycin, clindamycin, 
and linezolid are appropriate alternatives for infection limited to the skin and soft tissues; 
gentamicin may be added to broaden coverage. (See 'Approach for children ≤30 days of age' 
above.) 


Use of UpToDate is subject to the Subscription and License Agreement. 
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CLINICAL PRACTICE GUIDELINE


ADHD: Clinical Practice Guideline for the Diagnosis,
Evaluation, and Treatment of Attention-Deficit/
Hyperactivity Disorder in Children and Adolescents


abstract +


Attention-deficit/hyperactivity disorder (ADHD) is the most common
neurobehavioral disorder of childhood and can profoundly affect the
academic achievement, well-being, and social interactions of children;
the American Academy of Pediatrics first published clinical recommen-
dations for the diagnosis and evaluation of ADHD in children in 2000;
recommendations for treatment followed in 2001. Pediatrics 2011;128:
1007–1022


Summary of key action statements:


1. The primary care clinician should initiate an evaluation for ADHD for
any child 4 through 18 years of age who presents with academic or
behavioral problems and symptoms of inattention, hyperactivity, or
impulsivity (quality of evidence B/strong recommendation).


2. To make a diagnosis of ADHD, the primary care clinician should
determine that Diagnostic and Statistical Manual of Mental Disor-
ders, Fourth Edition criteria have been met (including documenta-
tion of impairment in more than 1 major setting); information
should be obtained primarily from reports from parents or guard-
ians, teachers, and other school and mental health clinicians in-
volved in the child’s care. The primary care clinician should also rule
out any alternative cause (quality of evidence B/strong
recommendation).


3. In the evaluation of a child for ADHD, the primary care clinician
should include assessment for other conditions that might coexist
with ADHD, including emotional or behavioral (eg, anxiety, depres-
sive, oppositional defiant, and conduct disorders), developmental
(eg, learning and language disorders or other neurodevelopmental
disorders), and physical (eg, tics, sleep apnea) conditions (quality of
evidence B/strong recommendation).


4. The primary care clinician should recognize ADHD as a chronic
condition and, therefore, consider children and adolescents
with ADHD as children and youth with special health care needs.
Management of children and youth with special health care
needs should follow the principles of the chronic care model and
the medical home (quality of evidence B/strong recommendation).
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5. Recommendations for treatment of
children and youth with ADHD vary
depending on the patient’s age:


a. For preschool-aged children
(4–5 years of age), the primary
care clinician should prescribe
evidence-based parent- and/or
teacher-administered behavior
therapy as the first line of treat-
ment (quality of evidence
A/strong recommendation) and
may prescribe methylphenidate
if the behavior interventions do
not provide significant improve-
ment and there is moderate-to-
severe continuing disturbance
in the child’s function. In areas
where evidence-based behav-
ioral treatments are not avail-
able, the clinician needs to
weigh the risks of starting med-
ication at an early age against
the harm of delaying diagnosis
and treatment (quality of evi-
dence B/recommendation).


b. For elementary school–aged
children (6–11 years of age), the
primary care clinician should
prescribe US Food and Drug
Administration–approved medica-
tions for ADHD (quality of evi-
dence A/strong recommendation)
and/or evidence-based parent-
and/or teacher-administered
behavior therapy as treatment
for ADHD, preferably both (qual-
ity of evidence B/strong recom-
mendation). The evidence is par-
ticularly strong for stimulant
medications and sufficient but
less strong for atomoxetine,
extended-release guanfacine,
and extended-release clonidine
(in that order) (quality of evi-
dence A/strong recommenda-
tion). The school environment,
program, or placement is a part
of any treatment plan.


c. For adolescents (12–18 years of
age), the primary care clinician


should prescribe Food and
Drug Administration–approved
medications for ADHD with the
assent of the adolescent (qual-
ity of evidence A/strong recom-
mendation) and may prescribe
behavior therapy as treatment
for ADHD (quality of evidence
C/recommendation), preferably
both.


6. The primary care clinician should
titrate doses of medication for
ADHD to achieve maximum benefit
with minimum adverse effects
(quality of evidence B/strong
recommendation).


INTRODUCTION


This document updates and replaces 2
previously published clinical guide-
lines from the American Academy of
Pediatrics (AAP) on the diagnosis and
treatment of attention-deficit/hyperac-
tivity disorder (ADHD) in children:
“Clinical Practice Guideline: Diagnosis
and Evaluation of the Child With Atten-
tion-Deficit/Hyperactivity Disorder”
(2000)1 and “Clinical Practice Guide-
line: Treatment of the School-aged
Child With Attention-Deficit/Hyperactiv-
ity Disorder” (2001).2 Since these
guidelines were published, new infor-
mation and evidence regarding the di-
agnosis and treatment of ADHD has be-
come available. Surveys conducted
before and after the publication of the
previous guidelines have also provided
insight into pediatricians’ attitudes
and practices regarding ADHD. On the
basis of an increased understanding
regarding ADHD and the challenges it
raises for children and families and as
a source for clinicians seeking to diag-
nose and treat children, this guideline
pays particular attention to a number
of areas.


Expanded Age Range


The previous guidelines addressed di-
agnosis and treatment of ADHD in chil-


dren 6 through 12 years of age. There
is now emerging evidence to expand
the age range of the recommendations
to include preschool-aged children
and adolescents. This guideline ad-
dresses the diagnosis and treatment
of ADHD in children 4 through 18 years
of age, and attention is brought to spe-
cial circumstances or concerns in par-
ticular age groups when appropriate.


Expanded Scope


Behavioral interventions might help
families of children with hyperactive/
impulsive behaviors that do not meet
full diagnostic criteria for ADHD. Guid-
ance regarding the diagnosis of
problem-level concerns in children
based on the Diagnostic and Statisti-
cal Manual for Primary Care (DSM-PC),
Child and Adolescent Version,3 as well
as suggestions for treatment and care
of children and families with problem-
level concerns, are provided here. The
current DSM-PC was published in 1996
and, therefore, is not consistent with
intervening changes to International
Classification of Diseases, Ninth Revi-
sion, Clinical Modification (ICD-9-CM).
Although this version of the DSM-PC
should not be used as a definitive
source for diagnostic codes related to
ADHD and comorbid conditions, it cer-
tainly may continue to be used as a
resource for enriching the under-
standing of ADHD manifestations. The
DSM-PC will be revised when both the
DSM-V and ICD-10 are available for use.


A Process of Care for Diagnosis
and Treatment


This guideline and process-of-care al-
gorithm (see Supplemental Fig 2 and
Supplemental Appendix) recognizes
evaluation, diagnosis, and treatment
as a continuous process and provides
recommendations for both the guide-
line and the algorithm in this single
publication. In addition to the formal
recommendations for assessment, di-
agnosis, and treatment, this guideline
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provides a single algorithm to guide
the clinical process.


Integration With the Task Force on
Mental Health


This guideline fits into the broader
mission of the AAP Task Force on
Mental Health and its efforts to pro-
vide a base from which primary care
providers can develop alliances with
families, work to prevent mental
health conditions and identify them
early, and collaborate with mental
health clinicians.


The diagnosis and management of
ADHD in children and youth has been
particularly challenging for primary
care clinicians because of the limited
payment provided for what requires
more time than most of the other con-
ditions they typically address. The pro-
cedures recommended in this guide-
line necessitate spending more time
with patients and families, developing
a system of contacts with school and
other personnel, and providing contin-
uous, coordinated care, all of which is
time demanding. In addition, relegating
mental health conditions exclusively to
mental health clinicians also is not a via-
ble solution formany clinicians, because
in many areas access to mental health
clinicians to whom they can refer pa-
tients is limited. Access in many areas is
also limited to psychologists when fur-
ther assessment of cognitive issues is
required and not available through the
education system because of restric-
tions from third-party payers in paying
for the evaluations on the basis of them
being educational and not health
related.


Cultural differences in the diagnosis and
treatment of ADHD are an important is-
sue, as they are for all pediatric condi-
tions. Because the diagnosis and treat-
ment of ADHD depends to a great extent
on family and teacherperceptions, these
issuesmightbeevenmoreprominent an
issue for ADHD. Specific cultural issues


are beyond the scope of this guideline
but are important to consider.


METHODOLOGY


As with the 2 previously published clin-
ical guidelines, the AAP collaborated
with several organizations to develop a
working subcommittee that repre-
sented a wide range of primary care
and subspecialty groups. The subcom-
mittee included primary care pediatri-
cians, developmental-behavioral pedi-
atricians, and representatives from
the American Academy of Child and Ad-
olescent Psychiatry, the Child Neurol-
ogy Society, the Society for Pediatric
Psychology, the National Association of
School Psychologists, the Society for
Developmental and Behavioral Pediat-
rics, the American Academy of Family
Physicians, and Children and Adults
With Attention-Deficit/Hyperactivity
Disorder (CHADD), as well as an epide-
miologist from the Centers for Disease
Control and Prevention (CDC).


This group met over a 2-year period,
during which it reviewed the changes
in practice that have occurred and is-
sues that have been identified since
the previous guidelines were pub-
lished. Delay in completing the process
led to further conference calls and ex-
tended the years of literature reviewed
in order to remain as current as pos-
sible. The AAP funded the development
of this guideline; potential financial
conflicts of the participants were iden-
tified and taken into consideration in
the deliberations. The guideline will be
reviewed and/or revised in 5 years un-
less new evidence emerges that war-
rants revision sooner.


The subcommittee developed a series
of research questions to direct an ex-
tensive evidence-based review in part-
nership with the CDC and the Univer-
sity of Oklahoma Health Sciences
Center. The diagnostic review was con-
ducted by the CDC, and the evidence
was evaluated in a combined effort of


the AAP, CDC, and University of Okla-
homa Health Sciences Center staff. The
treatment-related evidence relied on a
recent evidence review by the Agency
for Healthcare Research and Quality
and was supplemented by evidence
identified through the CDC review.


The diagnostic issues were focused on
5 areas:


1. ADHD prevalence—specifically: (a)
What percentage of the general US
population aged 21 years or
younger has ADHD? (b) What per-
centage of patients presenting at
pediatricians’ or family physicians’
offices in the United States meet di-
agnostic criteria for ADHD?


2. Co-occurring mental disorders—
of people with ADHD, what percent-
age has 1 or more of the following
co-occurring conditions: sleep dis-
orders, learning disabilities, de-
pression, anxiety, conduct disorder,
and oppositional defiant disorder?


3. What are the functional impair-
ments of children and youth diag-
nosed with ADHD? Specifically, in
what domains and to what degree
do youth with ADHD demonstrate
impairments in functional domains,
including peer relations, academic
performance, adaptive skills, and
family functioning?


4. Do behavior rating scales remain
the standard of care in assessing
the diagnostic criteria for ADHD?


5. What is the prevalence of abnormal
findings on selected medical
screening tests commonly recom-
mended as standard components
of an evaluation of a child with sus-
pected ADHD? How accurate are
these tests in the diagnosis of ADHD
compared with a reference stan-
dard (ie, what are the psychometric
properties of these tests)?


The treatment issues were focused on
3 areas:


1. What new information is available
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regarding the long-term efficacy
and safety of medications approved
by the US Food and Drug Adminis-
tration (FDA) for the treatment of
ADHD (stimulants and nonstimu-
lants), and specifically, what infor-
mation is available about the
efficacy and safety of these medi-
cations in preschool-aged and ado-
lescent patients?


2. What evidence is available about the
long-term efficacy and safety of psy-
chosocial interventions (behavioral
modification) for the treatment of
ADHD for children, and specifically,
what information is available about
the efficacy and safety of these inter-
ventions in preschool-aged and ado-
lescent patients?


3. Are there any additional therapies
that reach the level of consider-
ation as evidence based?


Evidence-Review Process for
Diagnosis


A multilevel, systematic approach was
taken to identify the literature that
built the evidence base for both diag-
nosis and treatment. To increase the
likelihood that relevant articles were
included in the final evidence base, the
reviewers first conducted a scoping
review of the literature by systemati-
cally searching literature using rele-
vant key words and then summarized
the primary findings of articles that
met standard inclusion criteria. The
reviewers then created evidence ta-
bles that were reviewed by content-
area experts who were best able to
identify articles that might have been
missed through the scoping review. Ar-
ticles that were missed were reviewed
carefully to determine where the ab-
straction methodology failed, and ad-
justments to the search strategy were
made as required (see technical re-
port to be published). Finally, although
published literature reviews did not
contribute directly to the evidence


base, the articles included in review
articles were cross-referenced with
the final evidence tables to ensure that
all relevant articles were included in
the final evidence tables.


For the scoping review, articles were
abstracted in a stratified fashion from
3 article-retrieval systems that pro-
vided access to articles in the domains
of medicine, psychology, and educa-
tion: PubMed (www.ncbi.nlm.nih.gov/
sites/entrez), PsycINFO (www.apa.org/
pubs/databases/psycinfo/index.aspx),
and ERIC (www.eric.ed.gov). English-
language, peer-reviewed articles pub-
lished between 1998 and 2009 were
queried in the 3 search engines. Key
words were selected with the intent of
including all possible articles that
might have been relevant to 1 or more
of the questions of interest (see the
technical report to be published). The
primary abstraction included the fol-
lowing terms: “attention deficit hyper-
activity disorder” or “attention deficit
disorder” or “hyperkinesis” and
“child.” A second, independent ab-
straction was conducted to identify ar-
ticles related to medical screening
tests for ADHD. For this abstraction,
the same search terms were used as
in the previous procedure along with
the additional condition term “behav-
ioral problems” to allow for the inclu-
sion of studies of youth that sought to
diagnose ADHD by using medical
screening tests. Abstractions were
conducted in parallel fashion across
each of the 3 databases; the results
from each abstraction (complete ref-
erence, abstract, and key words) were
exported and compiled into a common
reference database using EndNote
10.0.4 References were subsequently
and systematically deduplicated by us-
ing the software’s deduplication pro-
cedure. References for books, chap-
ters, and theses were also deleted
from the library. Once a deduplicated
library was developed, the semifinal


database of 8267 references was re-
viewed for inclusion on the basis of
inclusion criteria listed in the techni-
cal report. Included articles were
then pulled in their entirety, the in-
clusion criteria were reconfirmed,
and then the study findings were
summarized in evidence tables. The
articles included in relevant review
articles were revisited to ensure
their inclusion in the final evidence
base. The evidence tables were then
presented to the committee for ex-
pert review.


Evidence-Review Process for
Treatment


In addition to this systematic review,
for treatment we used the review from
the Agency for Healthcare Research
and Quality (AHRQ) Effective Health-
care Program “Attention Deficit Hyper-
activity Disorder: Effectiveness of
Treatment in At-Risk Preschoolers;
Long-term Effectiveness in All Ages;
and Variability in Prevalence, Diagno-
sis, and Treatment.”5 This review ad-
dressed a number of key questions for
the committee, including the efficacy
of medications and behavioral inter-
ventions for preschoolers, children,
and adolescents. Evidence identified
through the systematic evidence re-
view for diagnosis was also used as a
secondary data source to supplement
the evidence presented in the AHRQ re-
port. The draft practice guidelines
were developed by consensus of the
committee regarding the evidence. It
was decided to create 2 separate com-
ponents. The guideline recommenda-
tions were based on clear character-
ization of the evidence. The second
component is a practice-of-care algo-
rithm (see Supplemental Fig 2) that
provides considerably more detail
about how to implement the guidelines
but is, necessarily, based less on avail-
able evidence and more on consensus
of the committee members. When data
were lacking, particularly in the
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process-of-care algorithmic portion of
the guidelines, a combination of evi-
dence and expert consensuswas used.
Action statements labeled “strong rec-
ommendation” or “recommendation”
were based on high- to moderate-
quality scientific evidence and a pre-
ponderance of benefit over harm.6


Option-level action statements were
based on lesser-quality or limited
data and expert consensus or high-
quality evidence with a balance be-
tween benefits and harms. These
clinical options are interventions
that a reasonable health care pro-
vider might or might not wish to im-
plement in his or her practice. The
quality of evidence supporting each
recommendation and the strength of
each recommendation were as-
sessed by the committee member
most experienced in epidemiology
and graded according to AAP policy
(Fig 1).6


The guidelines and process-of-care
algorithm underwent extensive peer
review by committees, sections,
councils, and task forces within the
AAP; numerous outside organiza-
tions; and other individuals identi-
fied by the subcommittee. Liaisons to
the subcommittee also were invited
to distribute the draft to entities
within their organizations. The re-


sulting comments were compiled
and reviewed by the chairperson,
and relevant changes were incorpo-
rated into the draft, which was then
reviewed by the full committee.


ABOUT THIS GUIDELINE


Key Action Statements


In light of the concerns highlighted
previously and informed by the avail-
able evidence, the AAP has developed
6 action statements for the evalua-
tion, diagnosis, and treatment of
ADHD in children. These action state-
ments provide for consistent and
quality care for children and families
with concerns about or symptoms
that suggest attention disorders or
problems.


Context


This guideline is intended to be inte-
grated with the broader algorithms
developed as part of the mission of
the AAP Task Force on Mental Health.7


Implementation: A Process-of-Care
Algorithm


The AAP recognizes the challenge of
instituting practice changes and
adopting new recommendations for
care. To address the need, a process-
of-care algorithm has been devel-


oped and has been used in the revi-
sion of the AAP ADHD toolkit.


Implementation: Preparing the
Practice


Full implementation of the action
statements described in this guideline
and the process-of-care algorithm
might require changes in office proce-
dures and/or preparatory efforts to
identify community resources. The
section titled “Preparing the Practice”
in the process-of-care algorithm and
further information can be found in
the supplement to the Task Force on
Mental Health report.7 It is important
to document all aspects of the diagnos-
tic and treatment procedures in the
patients’ records. Use of rating scales
for the diagnosis of ADHD and assess-
ment for comorbid conditions and as a
method for monitoring treatment as
described in the process algorithm
(see Supplemental Fig 2), as well as
information provided to parents such
as management plans, can help facili-
tate a clinician’s accurate documenta-
tion of his or her process.


Note


The AAP acknowledges that some pri-
mary care clinicians might not be
confident of their ability to success-
fully diagnose and treat ADHD in a
child because of the child’s age, co-
existing conditions, or other con-
cerns. At any point at which a clini-
cian feels that he or she is not
adequately trained or is uncertain
about making a diagnosis or continu-
ing with treatment, a referral to a
pediatric or mental health subspe-
cialist should be made. If a diagnosis
of ADHD or other condition is made
by a subspecialist, the primary care
clinician should develop a manage-
ment strategy with the subspecialist
that ensures that the child will con-
tinue to receive appropriate care
consistent with a medical home
model wherein the pediatrician part-


FIGURE 1
Integrating evidence-quality appraisal with an assessment of the anticipated balance between bene-
fits and harms if a policy is conducted leads to designation of a policy as a strong recommendation,
recommendation, option, or no recommendation. The evidence is discussed in more detail in a
technical report that will follow in a later publication. RCT indicates randomized controlled trial; Rec,
recommendation.
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ners with parents so that both health
and mental health needs are
integrated.


KEY ACTION STATEMENTS FOR THE
EVALUATION, DIAGNOSIS,
TREATMENT, AND MONITORING OF
ADHD IN CHILDREN AND
ADOLESCENTS


Action statement 1: The primary
care clinician should initiate an
evaluation for ADHD for any child 4
through 18 years of age who pres-
ents with academic or behavioral
problems and symptoms of inatten-
tion, hyperactivity, or impulsivity
(quality of evidence B/strong
recommendation).


Evidence Profile


● Aggregate evidence quality: B.


● Benefits: In a considerable number of
children, ADHD goes undiagnosed. Pri-
mary care clinicians’ systematic iden-
tification of children with these prob-
lems will likely decrease the rate of
undiagnosed and untreated ADHD in
children.


● Harms/risks/costs: Children in whom
ADHD is inappropriately diagnosed
might be labeled inappropriately, or an-
other condition might be missed, and
they might receive treatments that will
not benefit them.


● Benefits-harms assessment: The high
prevalence of ADHD and limited mental
health resources require primary care
pediatricians to play a significant role in
the care of their patients with ADHD so
that children with this condition receive
the appropriate diagnosis and treat-
ment. Treatments available have shown
good evidence of efficacy, and lack of
treatment results in a risk for impaired
outcomes.


● Value judgments: The committee con-
sidered the requirements for establish-
ing the diagnosis, the prevalence of
ADHD, and the efficacy and adverse ef-
fects of treatment as well as the long-
term outcomes.


● Role of patient preferences: Success
with treatment depends on patient and
family preference, which has to be taken
into account.


● Exclusions: None.


● Intentional vagueness: The limits be-
tweenwhat can be handled by a primary
care clinician and what should be re-
ferred to a subspecialist because of the
varying degrees of skills among primary
care clinicians.


● Strength: strong recommendation.


The basis for this recommendation is
essentially unchanged from that in
the previous guideline. ADHD is the
most common neurobehavioral dis-
order in children and occurs in ap-
proximately 8% of children and
youth8–10; the number of children with
this condition is far greater than can
be managed by the mental health
system. There is now increased evi-
dence that appropriate diagnosis can
be provided for preschool-aged chil-
dren11 (4–5 years of age) and for
adolescents.12


Action statement 2: To make a diag-
nosis of ADHD, the primary care cli-
nician should determine that Diag-
nostic and Statistical Manual of
Mental Disorders, Fourth Edition
(DSM-IV-TR) criteria have been met
(including documentation of im-
pairment in more than 1 major set-
ting), and information should be
obtained primarily from reports
from parents or guardians, teach-
ers, and other school and mental
health clinicians involved in the
child’s care. The primary care clini-
cian should also rule out any alter-
native cause (quality of evidence
B/strong recommendation).


Evidence Profile


● Aggregate evidence quality: B.


● Benefits: The use of DSM-IV criteria has
lead to more uniform categorization of
the condition across professional
disciplines.


● Harms/risks/costs: The DSM-IV sys-
tem does not specifically provide for
developmental-level differences and
might lead to some misdiagnoses.


● Benefits-harms assessment: The ben-
efits far outweigh the harm.


● Value judgments: The committee took
into consideration the importance of co-
ordination between pediatric and men-
tal health services.


● Role of patient preferences: Although
there is some stigma associated with
mental disorder diagnoses resulting in
some families preferring other diagno-
ses, the need for better clarity in diag-
noses was felt to outweigh this
preference.


● Exclusions: None.


● Intentional vagueness: None.


● Strength: strong recommendation.


As with the findings in the previous
guideline, the DSM-IV criteria con-
tinue to be the criteria best sup-
ported by evidence and consensus.
Developed through several itera-
tions by the American Psychiatric As-
sociation, the DSM-IV criteria were
created through use of consensus
and an expanding research founda-
tion.13 The DSM-IV system is used by
professionals in psychiatry, psychol-
ogy, health care systems, and pri-
mary care. Use of DSM-IV criteria, in
addition to having the best evidence
to date for criteria for ADHD, also af-
fords the best method for communi-
cation across clinicians and is estab-
lished with third-party payers. The
criteria are under review for the de-
velopment of the DSM-V, but these
changes will not be available until at
least 1 year after the publication of
this current guideline. The diagnos-
tic criteria have not changed since
the previous guideline and are pre-
sented in Supplemental Table 2. An
anticipated change in the DSM-V is
increasing the age limit for when
ADHD needs to have first presented
from 7 to 12 years.14
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Special Circumstances: Preschool-
aged Children (4–5 Years Old)


There is evidence that the diagnostic
criteria for ADHD can be applied to
preschool-aged children; however, the
subtypes detailed in the DSM-IV might
not be valid for this population.15–21 A
review of the literature, including the
multisite study of the efficacy of meth-
ylphenidate in preschool-aged chil-
dren, revealed that the criteria could
appropriately identify children with
the condition.11 However, there are
added challenges in determining the
presence of key symptoms. Preschool-
aged children are not likely to have a
separate observer if they do not attend
a preschool or child care program,
and even if they do attend, staff in
those programs might be less quali-
fied than certified teachers to provide
accurate observations. Here, too, fo-
cused checklists can help physicians
in the diagnostic evaluation, although
only the Conners Comprehensive Be-
havior Rating Scales and the ADHD Rat-
ing Scale IV are DSM-IV–based scales
that have been validated in preschool-
aged children.22


When there are concerns about the
availability or quality of nonparent ob-
servations of a child’s behavior, physi-
cians may recommend that parents
complete a parent-training program
before confirming an ADHD diagnosis
for preschool-aged children and con-
sider placement in a qualified pre-
school program if they have not done
so already. Information can be ob-
tained from parents and teachers
through the use of validated DSM-IV–
based ADHD rating scales. The parent-
training programmust include helping
parents develop age-appropriate de-
velopmental expectations and specific
management skills for problem behav-
iors. The clinician may obtain reports
from the parenting class instructor
about the parents’ ability to manage
their children, and if the children are


in programs in which they are directly
observed, instructors can report infor-
mation about the core symptoms and
function of the child directly. Qualified
preschool programs include pro-
grams such as Head Start or other
public prekindergarten programs.
Preschool-aged children who display
significant emotional or behavioral
concerns might also qualify for Early
Childhood Special Education services
through their local school districts,
and the evaluators for these programs
and/or Early Childhood Special Educa-
tion teachers might be excellent re-
porters of core symptoms.


Special Circumstances: Adolescents


Obtaining teacher reports for adoles-
cents might be more challenging, be-
cause many adolescents will have mul-
tiple teachers. Likewise, parents might
have less opportunity to observe their
adolescent’s behaviors than they had
when their children were younger. Ad-
olescents’ reports of their own behav-
iors often differ from those of other
observers, because they tend to mini-
mize their own problematic behav-
iors.23–25 Adolescents are less likely to
exhibit overt hyperactive behavior. De-
spite the difficulties, clinicians need to
try to obtain (with agreement from the
adolescent) information from at least
2 teachers as well as information from
other sources such as coaches, school
guidance counselors, or leaders of
community activities in which the ado-
lescent participates. In addition, it is
unusual for adolescents with behav-
ioral/attention problems not to have
been previously given a diagnosis of
ADHD. Therefore, it is important to es-
tablish the younger manifestations of
the condition that were missed and to
strongly consider substance use, de-
pression, and anxiety as alternative or
co-occurring diagnoses. Adolescents
with ADHD, especially when untreated,
are at greater risk of substance
abuse.26 In addition, the risks of


mood and anxiety disorders and risky
sexual behaviors increase during
adolescence.12


Special Circumstances: Inattention or
Hyperactivity/Impulsivity (Problem
Level)


Teachers, parents, and child health
professionals typically encounter chil-
dren with behaviors relating to activity
level, impulsivity, and inattention who
might not fully meet DSM-IV criteria.
The DSM-PC3 provides a guide to the
more common behaviors seen in pedi-
atrics. The manual describes common
variations in behavior as well as more
problematic behaviors at levels of less
impairment than those specified in the
DSM-IV.


The behavioral descriptions of the
DSM-PC have not yet been tested in
community studies to determine the
prevalence or severity of developmen-
tal variations and problems in the ar-
eas of inattention, hyperactivity, or im-
pulsivity. They do, however, provide
guidance to clinicians regarding ele-
ments of treatment for children with
problems with mild-to-moderate inat-
tention, hyperactivity, or impulsivity.
The DSM-PC also considers environ-
mental influences on a child’s behavior
and provides information on differen-
tial diagnosis with a developmental
perspective.


Action statement 3: In the evalua-
tion of a child for ADHD, the primary
care clinician should include as-
sessment for other conditions that
might coexist with ADHD, includ-
ing emotional or behavioral (eg,
anxiety, depressive, oppositional
defiant, and conduct disorders),
developmental (eg, learning and
language disorders or other neu-
rodevelopmental disorders), and
physical (eg, tics, sleep apnea)
conditions (quality of evidence
B/strong recommendation).
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Evidence Profile


● Aggregate evidence quality: B.


● Benefits: Identifying coexisting condi-
tions is important for developing the
most appropriate treatment plan.


● Harms/risks/costs: Themajor risk is mis-
diagnosing the conditions and providing
inappropriate care.


● Benefits-harms assessment: There is a
preponderance of benefit over harm.


● Value judgments: The committeemem-
bers took into consideration the com-
mon occurrence of coexisting condi-
tions and the importance of addressing
them in making this recommendation.


● Role of patient preferences: None.


● Exclusions: None.


● Intentional vagueness: None.


● Strength: strong recommendation.


A variety of other behavioral, develop-
mental, and physical conditions can
coexist in children who are evaluated
for ADHD. These conditions include,
but are not limited to, learning prob-
lems, language disorder, disruptive
behavior, anxiety, mood disorders, tic
disorders, seizures, developmental co-
ordination disorder, or sleep disor-
ders.23,24,27–38 In some cases, the pres-
ence of a coexisting condition will alter
the treatment of ADHD. The primary
care clinician might benefit from addi-
tional support and guidance or might
need to refer a child with ADHD and
coexisting conditions, such as severe
mood or anxiety disorders, to subspe-
cialists for assessment and manage-
ment. The subspecialists could include
child psychiatrists, developmental-
behavioral pediatricians, neurodevelop-
mental disability physicians, child
neurologists, or child or school
psychologists.


Given the likelihood that another
condition exists, primary care clini-
cians should conduct assessments
that determine or at least identify
the risk of coexisting conditions.
Through its Task Force on Mental


Health, the AAP has developed algo-
rithms and a toolkit39 for assessing
and treating (or comanaging) the
most common developmental disor-
ders and mental health concerns in
children. These resources might be
useful in assessing children who are
being evaluated for ADHD. Payment
for evaluation and treatment must
cover the fixed and variable costs of
providing the services, as noted in
the AAP policy statement “Scope of
Health Care Benefits for Children
From Birth Through Age 26.40


Special Circumstances: Adolescents


Clinicians should assess adolescent
patients with newly diagnosed ADHD
for symptoms and signs of substance
abuse; when these signs and symp-
toms are found, evaluation and treat-
ment for addiction should precede
treatment for ADHD, if possible, or
careful treatment for ADHD can begin
if necessary.25


Action statement 4: The primary
care clinician should recognize
ADHD as a chronic condition
and, therefore, consider children
and adolescents with ADHD as
children and youth with special
health care needs. Management
of children and youth with
special health care needs should
follow the principles of the
chronic care model and the medi-
cal home (quality of evidence
B/strong recommendation).


Evidence Profile


● Aggregate evidence quality: B.


● Benefits: The recommendation de-
scribes the coordinated services most
appropriate formanaging the condition.


● Harms/risks/costs: Providing the ser-
vices might be more costly.


● Benefits-harms assessment: There is a
preponderance of benefit over harm.


● Value judgments: The committeemem-
bers considered the value of medical


home services when deciding to make
this recommendation.


● Role of patient preferences: Family
preference in how these services are
provided is an important consideration.


● Exclusions: None.


● Intentional vagueness: None.


● Strength: strong recommendation.


As in the previous guideline, this rec-
ommendation is based on the evi-
dence that ADHD continues to cause
symptoms and dysfunction in many
children who have the condition over
long periods of time, even into adult-
hood, and that the treatments avail-
able address symptoms and function
but are usually not curative. Al-
though the chronic illness model has
not been specifically studied in chil-
dren and youth with ADHD, it has
been effective for other chronic con-
ditions such as asthma,23 and the
medical home model has been ac-
cepted as the preferred standard of
care.41 The management process is
also helped by encouraging strong
family-school partnerships.42


Longitudinal studies have found that,
frequently, treatments are not sus-
tained despite the fact that long-
term outcomes for children with
ADHD indicate that they are at
greater risk of significant problems
if they discontinue treatment.43 Be-
cause a number of parents of chil-
dren with ADHD also have ADHD, ex-
tra support might be necessary to
help those parents provide medica-
tion on a consistent basis and insti-
tute a consistent behavioral pro-
gram. The medical home and chronic
illness approach is provided in the
process algorithm (Supplemental
Fig 2). An important process in ongo-
ing care is bidirectional communica-
tion with teachers and other school
and mental health clinicians involved
in the child’s care as well as with
parents and patients.
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Special Circumstances: Inattention or
Hyperactivity/Impulsivity (Problem
Level)


Children with inattention or hyperac-
tivity/impulsivity at the problem level
(DSM-PC) and their families might also
benefit from the same chronic illness
and medical home principles.


Action statement 5: Recommenda-
tions for treatment of children and
youth with ADHD vary depending on
the patient’s age.


Action statement 5a: For preschool-
aged children (4–5 years of age),
the primary care clinician should
prescribe evidence-based parent-
and/or teacher-administered be-
havior therapy as the first line of
treatment (quality of evidence
A/strong recommendation) and
may prescribe methylphenidate if
the behavior interventions do not
provide significant improvement
and there is moderate-to-severe
continuing disturbance in the
child’s function. In areas in which
evidence-based behavioral treat-
ments are not available, the clini-
cian needs to weigh the risks of
starting medication at an early age
against the harm of delaying diag-
nosis and treatment (quality of evi-
dence B/recommendation).


Evidence Profile


● Aggregate evidence quality: A for be-
havior; B for methylphenidate.


● Benefits: Both behavior therapy and
methylphenidate have been demon-
strated to reduce behaviors associated
with ADHD and improve function.


● Harms/risks/costs: Both therapies in-
crease the cost of care, and behavior
therapy requires a higher level of family
involvement, whereas methylphenidate
has some potential adverse effects.


● Benefits-harms assessment: Given the
risks of untreated ADHD, the benefits
outweigh the risks.


● Value judgments: The committeemem-


bers included the effects of untreated
ADHD when deciding to make this
recommendation.


● Role of patient preferences: Family
preference is essential in determining
the treatment plan.


● Exclusions: None.


● Intentional vagueness: None.


● Strength: strong recommendation.


Action statement 5b: For elemen-
tary school-aged children (6–11
years of age), the primary care cli-
nician should prescribe FDA-
approved medications for ADHD
(quality of evidence A/strong rec-
ommendation) and/or evidence-
based parent- and/or teacher-
administered behavior therapy as
treatment for ADHD, preferably
both (quality of evidence B/strong
recommendation). The evidence is
particularly strong for stimulant
medications and sufficient but less
strong for atomoxetine, extended-
release guanfacine, and extended-
release clonidine (in that order)
(quality of evidence A/strong rec-
ommendation). The school environ-
ment, program, or placement is a
part of any treatment plan.


Evidence Profile


● Aggregate evidence quality: A for
treatment with FDA-approved medica-
tions; B for behavior therapy.


● Benefits: Both behavior therapy and
FDA-approved medications have been
demonstrated to reduce behaviors as-
sociated with ADHD and improve
function.


● Harms/risks/costs: Both therapies in-
crease the cost of care, and behavior
therapy requires a higher level of family
involvement, whereas FDA-approved
medications have some potential ad-
verse effects.


● Benefits-harms assessment: Given the
risks of untreated ADHD, the benefits
outweigh the risks.


● Value judgments: The committeemem-
bers included the effects of untreated


ADHD when deciding to make this
recommendation.


● Role of patient preferences: Family
preference, including patient prefer-
ence, is essential in determining the
treatment plan.


● Exclusions: None.


● Intentional vagueness: None.


● Strength: strong recommendation.


Action statement 5c: For adoles-
cents (12–18 years of age), the pri-
mary care clinician should pre-
scribe FDA-approved medications
for ADHD with the assent of the ad-
olescent (quality of evidence
A/strong recommendation) and
may prescribe behavior therapy as
treatment for ADHD (quality of evi-
dence C/recommendation), prefer-
ably both.


Evidence Profile


● Aggregate evidence quality: A for
medications; C for behavior therapy.


● Benefits: Both behavior therapy and
FDA-approved medications have been
demonstrated to reduce behaviors as-
sociated with ADHD and improve
function.


● Harms/risks/costs: Both therapies in-
crease the cost of care, and behavior
therapy requires a higher level of family
involvement, whereas FDA-approved
medications have some potential ad-
verse effects.


● Benefits-harms assessment: Given the
risks of untreated ADHD, the benefits
outweigh the risks.


● Value judgments: The committeemem-
bers included the effects of untreated
ADHD when deciding to make this
recommendation.


● Role of patient preferences: Family
preference, including patient prefer-
ence, is essential in determining the
treatment plan.


● Exclusions: None.


● Intentional vagueness: None.


● Strength: strong recommendation/
recommendation.
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Medication


Similar to the recommendations from
the previous guideline, stimulant med-
ications are highly effective for most
children in reducing core symptoms of
ADHD.44 One selective norepinephrine-
reuptake inhibitor (atomoxetine45,46)
and 2 selective�2-adrenergic agonists
(extended-release guanfacine47,48 and
extended-release clonidine49) have
also demonstrated efficacy in re-
ducing core symptoms. Because
norepinephrine-reuptake inhibitors
and�2-adrenergic agonists are newer,
the evidence base that supports
them—although adequate for FDA
approval—is considerably smaller
than that for stimulants. None of them
have been approved for use in
preschool-aged children. Compared
with stimulant medications that have
an effect size [effect size� (treatment
mean � control mean)/control SD] of
approximately 1.0,50 the effects of the
nonstimulants are slightly weaker;
atomoxetine has an effect size of ap-
proximately 0.7, and extended-release
guanfacine and extended-release clo-
nidine also have effect sizes of approx-
imately 0.7.


The accompanying process-of-care al-
gorithm provides a list of the currently
available FDA-approved medications
for ADHD (Supplemental Table 3). Char-
acteristics of eachmedication are pro-
vided to help guide the clinician’s
choice in prescribing medication.


As was identified in the previous guide-
line, the most common stimulant ad-
verse effects are appetite loss, abdom-
inal pain, headaches, and sleep
disturbance. The results of the Multi-
modal Therapy of ADHD (MTA) study re-
vealed amore persistent effect of stim-
ulants on decreasing growth velocity
than have most previous studies, par-
ticularly when children were on higher
and more consistently administered
doses. The effects diminished by the
third year of treatment, but no com-


pensatory rebound effects were
found.51 However, diminished growth
was in the range of 1 to 2 cm. An un-
common additional significant ad-
verse effect of stimulants is the occur-
rence of hallucinations and other
psychotic symptoms.52 Although con-
cerns have been raised about the rare
occurrence of sudden cardiac death
among children using stimulant medi-
cations,53 sudden death in children on
stimulant medication is extremely
rare, and evidence is conflicting as to
whether stimulant medications in-
crease the risk of sudden death.54–56 It
is important to expand the history to
include specific cardiac symptoms,
Wolf-Parkinson-White syndrome, sud-
den death in the family, hypertrophic
cardiomyopathy, and long QT syn-
drome. Preschool-aged children might
experience increased mood lability
and dysphoria.57 For the nonstimulant
atomoxetine, the adverse effects in-
clude initial somnolence and gastroin-
testinal tract symptoms, particularly if
the dosage is increased too rapidly; de-
crease in appetite; increase in suicidal
thoughts (less common); and hepatitis
(rare). For the nonstimulant �2-
adrenergic agonists extended-release
guanfacine and extended-release clo-
nidine, adverse effects include somno-
lence and dry mouth.


Only 2 medications have evidence to
support their use as adjunctive ther-
apy with stimulant medications suffi-
cient to achieve FDA approval:
extended-release guanfacine26 and
extended-release clonidine. Other
medications have been used in combi-
nation off-label, but there is currently
only anecdotal evidence for their
safety or efficacy, so their use cannot
be recommended at this time.


Special Circumstances: Preschool-
aged Children


A number of special circumstances
support the recommendation to initi-


ate ADHD treatment in preschool-aged
children (ages 4–5 years) with behav-
ioral therapy alone first.57 These cir-
cumstances include:


● The multisite study of methylpheni-
date57 was limited to preschool-
aged children who had moderate-
to-severe dysfunction.


● The study also found that many chil-
dren (ages 4–5 years) experience
improvements in symptoms with
behavior therapy alone, and the
overall evidence for behavior ther-
apy in preschool-aged children is
strong.


● Behavioral programs for children 4
to 5 years of age typically run in the
form of group parent-training pro-
grams and, although not always
compensated by health insurance,
have a lower cost. The process algo-
rithm (see Supplemental pages s15-
16) contains criteria for the clini-
cian to use in assessing the quality
of the behavioral therapy. In addi-
tion, programs such as Head Start
and Children and Adults With Atten-
tion Deficit Hyperactivity Disorder
(CHADD) (www.chadd.org) might
provide some behavioral supports.


Many young children with ADHD might
still require medication to achieve
maximum improvement, and medica-
tion is not contraindicated for children
4 through 5 years of age. However, only
1 multisite study has carefully as-
sessed medication use in preschool-
aged children. Other considerations in
the recommendation about treating
children 4 to 5 years of age with stim-
ulant medications include:


● The study was limited to preschool-
aged children who had moderate-
to-severe dysfunction.


● Research has found that a number
of young children (4–5 years of age)
experience improvements in symp-
toms with behavior therapy alone.


● There are concerns about the possi-
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ble effects on growth during this
rapid growth period of preschool-
aged children.


● There has been limited information
about and experience with the ef-
fects of stimulantmedication in chil-
dren between the ages of 4 and 5
years.


Here, the criteria for enrollment (and,
therefore, medication use) included
measures of severity that distin-
guished treated children from the
larger group of preschool-aged chil-
dren with ADHD. Thus, before initiating
medications, the physician should as-
sess the severity of the child’s ADHD.
Given current data, only those
preschool-aged children with ADHD
who have moderate-to-severe dysfunc-
tion should be considered for medica-
tion. Criteria for this level of severity,
based on the multisite-study results,57


are (1) symptoms that have persisted
for at least 9 months, (2) dysfunction
that is manifested in both the home
and other settings such as preschool
or child care, and (3) dysfunction that
has not responded adequately to be-
havior therapy. The decision to con-
sider initiating medication at this age
depends in part on the clinician’s as-
sessment of the estimated develop-
mental impairment, safety risks, or
consequences for school or social par-
ticipation that could ensue if medica-
tions are not initiated. It is often helpful
to consult with amental health special-
ist who has had specific experience
with preschool-aged children if possible.


Dextroamphetamine is the only medi-
cation approved by the FDA for use in
children younger than 6 years of age.
This approval, however, was based on
less stringent criteria in force when
the medication was approved rather
than on empirical evidence of its safety
and efficacy in this age group. Most of
the evidence for the safety and efficacy
of treating preschool-aged children
with stimulant medications has been


from methylphenidate.57 Methylpheni-
date evidence consists of 1 multisite
study of 165 children and 10 other
smaller single-site studies that in-
cluded from 11 to 59 children (total of
269 children); 7 of the 10 single-site
studies found significant efficacy. It
must be noted that although there is
moderate evidence that methylpheni-
date is safe and efficacious in
preschool-aged children, its use in this
age group remains off-label. Although
the use of dextroamphetamine is on-
label, the insufficient evidence for its
safety and efficacy in this age group
does not make it possible to recom-
mend at this time.


If children do not experience adequate
symptom improvement with behavior
therapy, medication can be pre-
scribed, as described previously. Evi-
dence suggests that the rate of metab-
olizing stimulant medication is slower
in children 4 through 5 years of age, so
they should be given a lower dose to
start, and the dose can be increased in
smaller increments. Maximum doses
have not been adequately studied.57


Special Circumstances: Adolescents


As noted previously, before beginning
medication treatment for adolescents
with newly diagnosed ADHD, clinicians
should assess these patients for symp-
toms of substance abuse. When sub-
stance use is identified, assessment
when off the abusive substances
should precede treatment for ADHD
(see the Task Force on Mental Health
report7). Diversion of ADHDmedication
(use for other than its intended med-
ical purposes) is also a special con-
cern among adolescents58; clinicians
should monitor symptoms and
prescription-refill requests for signs
of misuse or diversion of ADHD med-
ication and consider prescribing
medications with no abuse potential,
such as atomoxetine (Strattera [Ely
Lilly Co, Indianapolis, IN]) and


extended-release guanfacine (Intu-
niv [Shire US Inc, Wayne, PA]) or
extended-release clonidine (Kapvay
[Shionogi Inc, Florham Park, NJ])
(which are not stimulants) or stimu-
lant medications with less abuse po-
tential, such as lisdexamfetamine
(Vyvanse [Shire US Inc]), dermal
methylphenidate (Daytrana [Noven
Therapeutics, LLC, Miami, FL]), or
OROS methylphenidate (Concerta
[Janssen Pharmaceuticals, Inc, Ti-
tusville, NJ]). Because lisdexamfet-
amine is dextroamphetamine, which
contains an additional lysine mole-
cule, it is only activated after inges-
tion, when it is metabolized by eryth-
rocyte cells to dexamphetamine. The
other preparations make extraction
of the stimulant medication more
difficult.


Given the inherent risks of driving by
adolescents with ADHD, special con-
cern should be taken to provide med-
ication coverage for symptom con-
trol while driving. Longer-acting or
late-afternoon, short-acting medica-
tions might be helpful in this
regard.59


Special Circumstances: Inattention or
Hyperactivity/Impulsivity (Problem
Level)


Medication is not appropriate for chil-
dren whose symptoms do not meet
DSM-IV criteria for diagnosis of ADHD,
although behavior therapy does not re-
quire a specific diagnosis, andmany of
the efficacy studies have included chil-
dren without specific mental behav-
ioral disorders.


Behavior Therapy


Behavior therapy represents a broad
set of specific interventions that have a
common goal of modifying the physical
and social environment to alter or
change behavior. Behavior therapy
usually is implemented by training
parents in specific techniques that im-
prove their abilities to modify and
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shape their child’s behavior and to im-
prove the child’s ability to regulate his
or her own behavior. The training in-
volves techniques to more effectively
provide rewards when their child dem-
onstrates the desired behavior (eg,
positive reinforcement), learn what
behaviors can be reduced or elimi-
nated by using planned ignoring as an
active strategy (or using praising and
ignoring in combination), or provide
appropriate consequences or punish-
ments when their child fails to meet
the goals (eg, punishment). There is a
need to consistently apply rewards
and consequences as tasks are
achieved and then to gradually in-
crease the expectations for each task
as they are mastered to shape behav-
iors. Although behavior therapy
shares a set of principles, individual
programs introduce different tech-
niques and strategies to achieve the
same ends.


Table 1 lists the major behavioral in-
tervention approaches that have been
demonstrated to be evidence based
for the management of ADHD in 3 dif-
ferent types of settings. The table is
based on 22 studies, each completed
between 1997 and 2006.


Evidence for the effectiveness of be-
havior therapy in children with ADHD is


derived from a variety of studies60–62


and an Agency for Healthcare Re-
search and Quality review.5 The di-
versity of interventions and outcome
measures makes meta-analysis of
the effects of behavior therapy alone
or in association with medications
challenging. The long-term positive
effects of behavior therapy have yet
to be determined. Ongoing adher-
ence to a behavior program might be
important; therefore, implementing
a chronic care model for child health
might contribute to the long-term
effects.63


Study results have indicated positive
effects of behavior therapy when com-
bined with medications. Most studies
that compared behavior therapy to
stimulants found a much stronger ef-
fect on ADHD core symptoms from
stimulants than from behavior ther-
apy. The MTA study found that com-
bined treatment (behavior therapy
and stimulantmedication) was not sig-
nificantly more efficacious than treat-
ment with medication alone for the
core symptoms of ADHD after correc-
tion for multiple tests in the primary
analysis.64 However, a secondary anal-
ysis of a combined measure of parent
and teacher ratings of ADHD symp-
toms revealed a significant advantage


for the combination with a small effect
size of d � 0.26.65 However, the same
study also found that the combined
treatment compared with medication
alonedid offer greater improvements on
academic and conduct measures when
ADHD coexisted with anxiety and when
children lived in low socioeconomic envi-
ronments. In addition, parents and
teachers of children who were receiving
combined therapy were significantly
more satisfied with the treatment plan.
Finally, the combination of medication
management and behavior therapy al-
lowed for the use of lower dosages of
stimulants, which possibly reduced the
risk of adverse effects.66


School Programming and Supports


Behavior therapy programs coordinat-
ing efforts at school as well as home
might enhance the effects. School pro-
grams can provide classroom adapta-
tions, such as preferred seating, mod-
ified work assignments, and test
modifications (to the location at which
it is administered and time allotted for
taking the test), as well as behavior
plans as part of a 504 Rehabilitation
Act Plan or special education Individu-
alized Education Program (IEP) under
the “other health impairment” desig-
nation as part of the Individuals With


TABLE 1 Evidence-Based Behavioral Treatments for ADHD


Intervention Type Description Typical Outcome(s) Median Effect
Sizea


Behavioral parent training
(BPT)


Behavior-modification principles provided to parents
for implementation in home settings


Improved compliance with parental commands; improved
parental understanding of behavioral principles; high
levels of parental satisfaction with treatment


0.55


Behavioral classroom
management


Behavior-modification principles provided to
teachers for implementation in classroom
settings


Improved attention to instruction; improved compliance
with classroom rules; decreased disruptive behavior;
improved work productivity


0.61


Behavioral peer interventions
(BPI)b


Interventions focused on peer
interactions/relationships; these are often group-
based interventions provided weekly and include
clinic-based social-skills training used either
alone or concurrently with behavioral parent
training and/or medication


Office-based interventions have produced minimal effects;
interventions have been of questionable social validity;
some studies of BPI combined with clinic-based BPT
found positive effects on parent ratings of ADHD
symptoms; no differences on social functioning or
parent ratings of social behavior have been revealed


a Effect size� (treatment median� control median)/control SD.
b The effect size for behavioral peer interventions is not reported, because the effect sizes for these studies represent outcomes associated with combined interventions. A lower effect size
means that they have less of an effect. The effect sizes found are considered moderate.
Adapted from Pelham W, Fabiano GA. J Clin Child Adolesc Psychol. 2008;37(1):184–214.
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Disability Education Act (IDEA).67 It is
helpful for clinicians to be aware of the
eligibility criteria in their state and
school district to advise families of
their options. Youths documented to
have ADHD can also get permission to
take college-readiness tests in an un-
timed manner by following appropri-
ate documentation guidelines.68


The effect of coexisting conditions on
ADHD treatment is variable. In some
cases, treatment of the ADHD resolves
the coexisting condition. For example,
treatment of ADHDmight resolve oppo-
sitional defiant disorder or anxiety.68


However, sometimes the co-occurring
condition might require treatment
that is in addition to the treatment for
ADHD. Some coexisting conditions can
be treated in the primary care setting,
but others will require referral and co-
management with a subspecialist.


Action statement 6: Primary care
clinicians should titrate doses of
medication for ADHD to achieve
maximum benefit withminimum ad-
verse effects (quality of evidence
B/strong recommendation).


Evidence Profile


● Aggregate evidence quality: B.


● Benefits: The optimal dose of medica-
tion is required to reduce core symp-
toms to or as close to the levels of chil-
dren without ADHD.


● Harms/risks/costs: Higher levels of
medication increase the chances of ad-
verse effects.


● Benefits-harms assessment: The im-
portance of adequately treating ADHD out-
weighs the risk of adverse effects.


● Value judgments: The committeemem-
bers included the effects of untreated
ADHD when deciding to make this
recommendation.


● Role of patient preferences: The fam-
ilies’ preferences and comfort need to
be taken into consideration in develop-
ing a titration plan.


● Exclusions: None.


● Intentional vagueness: None.


● Strength: strong recommendation.


The findings from the MTA study sug-
gested that more than 70% of children
and youth with ADHD respond to one of
the stimulant medications at an opti-
mal dose when a systematic trial is
used.65 Children in the MTA who were
treated in the community with care as
usual from whomever they chose or to
whom they had access received lower
doses of stimulants with less frequent
monitoring and had less optimal re-
sults.65 Because stimulants might pro-
duce positive but suboptimal effects at
a low dose in some children and youth,
titration to maximum doses that con-
trol symptoms without adverse effects
is recommended instead of titration
strictly on a milligram-per-kilogram
basis.


Education of parents is an important
component in the chronic illness
model to ensure their cooperation in
efforts to reach appropriate titration
(remembering that the parents them-
selves might be challenged signifi-
cantly by ADHD).69,70 The primary care
clinician should alert parents and chil-
dren that changing medication dose
and occasionally changing a medica-
tion might be necessary for optimal
medication management, that the pro-
cess might require a few months to
achieve optimal success, and that
medication efficacy should be system-
atically monitored at regular intervals.


Because stimulant medication effects
are seen immediately, trials of different
doses of stimulants can be accom-
plished in a relatively short time period.
Stimulant medications can be effectively
titrated on a 3- to 7-day basis.65


It is important to note that by the 3-year
follow-up of 14-month MTA interventions
(optimalmedicationsmanagement, opti-
mal behavioral management, the combi-
nation of the 2, or community treat-
ment), all differences among the initial 4


groupswere no longer present. After the
initial 14-month intervention, the chil-
dren no longer received the careful
monthly monitoring provided by the
study and went back to receiving care
from their community providers. Their
medications and doses varied, and a
number of them were no longer taking
medication. In children still on medica-
tion, the growth deceleration was only
seen for the first 2 years and was in the
range of 1 to 2 cm.


CONCLUSION


Evidence continues to be fairly clear
with regard to the legitimacy of the
diagnosis of ADHD and the appro-
priate diagnostic criteria and proce-
dures required to establish a diagno-
sis, identify co-occurring conditions,
and treat effectively with both behav-
ioral and pharmacologic interven-
tions. However, the steps required to
sustain appropriate treatments and
achieve successful long-term out-
comes still remain a challenge. To pro-
vide more detailed information about
how the recommendations of this
guideline can be accomplished, amore
detailed but less strongly evidence-
based algorithm is provided as a com-
panion article.


AREAS FOR FUTURE RESEARCH


Some specific research topics perti-
nent to the diagnosis and treatment of
ADHD or developmental variations or
problems in children and adolescents
in primary care to be explored include:


● identification or development of
reliable instruments suitable to
use in primary care to assess the
nature or degree of functional im-
pairment in children/adolescents
with ADHD and monitor improve-
ment over time;


● study of medications and other
therapies used clinically but not ap-
proved by the FDA for ADHD, such as
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electroencephalographic
biofeedback;


● determination of the optimal schedule
for monitoring children/adolescents
with ADHD, including factors for adjust-
ing that schedule according to age,
symptom severity, and progress
reports;


● evaluation of the effectiveness of
various school-based interventions;


● comparisons of medication use and
effectiveness in different ages, in-
cluding both harms and benefits;


● development of methods to involve
parents and children/adolescents
in their own care and improve ad-
herence to both behavior and medi-
cation treatments;


● standardized and documented tools
that will help primary care providers in
identifying coexisting conditions;


● development and determination of ef-
fective electronic and Web-based sys-
temstohelpgather information todiag-
nose andmonitor childrenwith ADHD;


● improved systems of communica-
tion with schools and mental health
professionals, as well as other com-
munity agencies, to provide effec-
tive collaborative care;


● evidence for optimal monitoring by


some aspects of severity, disability,
or impairment; and


● long-term outcomes of children first
identified with ADHD as preschool-
aged children.
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Clinical Practice Guideline—Febrile Seizures:
Guideline for the Neurodiagnostic Evaluation of the
Child With a Simple Febrile Seizure


abstract
OBJECTIVE: To formulate evidence-based recommendations for health
care professionals about the diagnosis and evaluation of a simple
febrile seizure in infants and young children 6 through 60 months of
age and to revise the practice guideline published by the American
Academy of Pediatrics (AAP) in 1996.


METHODS: This review included search and analysis of the medical
literature published since the last version of the guideline. Physicians
with expertise and experience in the fields of neurology and epilepsy,
pediatrics, epidemiology, and research methodologies constituted a
subcommittee of the AAP Steering Committee on Quality Improvement
and Management. The steering committee and other groups within the
AAP and organizations outside the AAP reviewed the guideline. The
subcommittee member who reviewed the literature for the 1996 AAP
practice guidelines searched for articles published since the last
guideline through 2009, supplemented by articles submitted by other
committeemembers. Results from the literature searchwere provided
to the subcommittee members for review. Interventions of direct inter-
est included lumbar puncture, electroencephalography, blood studies,
and neuroimaging. Multiple issues were raised and discussed itera-
tively until consensus was reached about recommendations. The
strength of evidence supporting each recommendation and the
strength of the recommendation were assessed by the committee
member most experienced in informatics and epidemiology and
graded according to AAP policy.


CONCLUSIONS: Clinicians evaluating infants or young children after a
simple febrile seizure should direct their attention toward identifying
the cause of the child’s fever. Meningitis should be considered in the
differential diagnosis for any febrile child, and lumbar puncture should
be performed if there are clinical signs or symptoms of concern. For
any infant between 6 and 12months of age who presents with a seizure
and fever, a lumbar puncture is an option when the child is considered
deficient in Haemophilus influenzae type b (Hib) or Streptococcus
pneumoniae immunizations (ie, has not received scheduled immuniza-
tions as recommended), or when immunization status cannot be de-
termined, because of an increased risk of bacterial meningitis. A lum-
bar puncture is an option for children who are pretreated with
antibiotics. In general, a simple febrile seizure does not usually require
further evaluation, specifically electroencephalography, blood studies,
or neuroimaging. Pediatrics 2011;127:389–394
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DEFINITION OF THE PROBLEM
This practice guideline provides recom-
mendations for the neurodiagnostic
evaluation of neurologically healthy in-
fants and children 6 through 60 months
of age who have had a simple febrile sei-
zureandpresent for evaluationwithin 12
hours of the event. It replaces the 1996
practice parameter.1 This practice
guideline is not intended for patients
who have had complex febrile seizures
(prolonged, focal, and/or recurrent),
and it does not pertain to children with
previous neurologic insults, known cen-
tral nervous system abnormalities, or
history of afebrile seizures.


TARGET AUDIENCE AND PRACTICE
SETTING


This practice guideline is intended for
use by pediatricians, family physicians,
child neurologists, neurologists, emer-
gency physicians, nurse practitioners,
and other health care providers who
evaluate children for febrile seizures.


BACKGROUND


A febrile seizure is a seizure accompa-
nied by fever (temperature� 100.4°F or
38°C2 by any method), without central
nervous system infection, that occurs in
infants and children 6 through 60
months of age. Febrile seizures occur in
2% to 5% of all children and, as such,
make up the most common convulsive
event in children younger than 60
months. In 1976, Nelson and Ellenberg,3


using data from the National Collabora-
tive Perinatal Project, further defined fe-
brile seizures as being either simple or
complex. Simple febrile seizures were
defined as primary generalized seizures
that lasted for less than 15 minutes and
did not recur within 24 hours. Complex
febrile seizures were defined as focal,
prolonged (�15minutes), and/or recur-
rent within 24 hours. Children who had
simple febrile seizures had no evidence
of increased mortality, hemiplegia, or
mental retardation. During follow-up
evaluation, the risk of epilepsy after a


simple febrile seizure was shown to be
only slightly higher than that of the gen-
eral population, whereas the chief risk
associated with simple febrile seizures
was recurrence in one-third of the chil-
dren. The authors concluded that simple
febrile seizures are benign events with
excellent prognoses, a conclusion reaf-
firmed in the 1980 consensus statement
from the National Institutes of Health.3,4


The expected outcomes of this practice
guideline include the following:


1. Optimize clinician understanding of
the scientific basis for the neurodi-
agnostic evaluation of children with
simple febrile seizures.


2. Aid the clinician in decision-making
by using a structured framework.


3. Optimize evaluation of the child who
has had a simple febrile seizure by
detecting underlying diseases, min-
imizing morbidity, and reassuring
anxious parents and children.


4. Reduce the costs of physician and
emergency department visits, hospi-
talizations, and unnecessary testing.


5. Educate the clinician to understand
that a simple febrile seizure usually
does not require further evaluation,
specifically electroencephalography,
blood studies, or neuroimaging.


METHODOLOGY


To update the clinical practice guideline
on the neurodiagnostic evaluation of
children with simple febrile seizures,1


the American Academy of Pediatrics
(AAP) reconvened the Subcommittee on
Febrile Seizures. The committee was
chaired by a child neurologist and con-
sisted of a neuroepidemiologist, 3 addi-
tional child neurologists, and a practic-
ing pediatrician. All panel members
reviewed and signed the AAP voluntary
disclosure and conflict-of-interest form.
No conflictswere reported. Participation
in the guideline process was voluntary
andnotpaid. Theguidelinewas reviewed
bymembersof theAAPSteeringCommit-


teeonQuality Improvement andManage-
ment;membersof theAAPSectiononAd-
ministration and Practice Management,
Section on Developmental and Behav-
ioral Pediatrics, Section on Epidemiol-
ogy, Section on Infectious Diseases, Sec-
tion on Neurology, Section on Neurologic
Surgery, SectiononPediatric Emergency
Medicine, Committee on Pediatric Emer-
gency Medicine, Committee on Practice
and AmbulatoryMedicine, Committee on
Child Health Financing, Committee on In-
fectiousDiseases, CommitteeonMedical
Liability and Risk Management, Council
on ChildrenWith Disabilities, and Council
on Community Pediatrics; and members
of outside organizations including the
Child Neurology Society, the American
Academyof Neurology, the AmericanCol-
lege of Emergency Physicians, andmem-
bers of the Pediatric Committee of the
Emergency Nurses Association.


A comprehensive review of the evidence-
based literature published from 1996 to
February 2009 was conducted to dis-
cover articles that addressed the diag-
nosis and evaluation of children with
simple febrile seizures. Preference was
given to population-based studies, but
given the scarcity of such studies, data
from hospital-based studies, groups of
young children with febrile illness, and
comparable groups were reviewed.
Decisions were made on the basis of a
systematic grading of the quality of evi-
dence and strength of recommendations.


In the original practice parameter,1 203
medical journal articles were reviewed
and abstracted. An additional 372 arti-
cles were reviewed and abstracted for
this update. Emphasis was placed on ar-
ticles that differentiated simple febrile
seizures fromother typesof seizures. Ta-
bles were constructed from the 70 arti-
cles that best fit these criteria.


The evidence-based approach to guide-
line development requires that the evi-
dence in support of a recommendation
be identified, appraised, and summa-
rized and that an explicit link between
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evidence and recommendations be de-
fined. Evidence-based recommendations
reflect the quality of evidence and the
balanceof benefit andharmthat is antic-
ipated when the recommendation is fol-
lowed. The AAP policy statement “Classi-
fying Recommendations for Clinical
Practice Guidelines”5 was followed in
designating levels of recommendations
(see Fig 1).


KEY ACTION STATEMENTS


Action Statement 1


Action Statement 1a


A lumbar puncture should be per-
formed in any child who presents
with a seizure and a fever and has
meningeal signs and symptoms
(eg, neck stiffness, Kernig and/or
Brudzinski signs) or in any child
whose history or examination sug-
gests the presence of meningitis or
intracranial infection.


● Aggregate evidence level: B (over-
whelming evidence from observa-
tional studies).


● Benefits: Meningeal signs and symp-
toms strongly suggest meningitis,
which, if bacterial in etiology, will
likely be fatal if left untreated.


● Harms/risks/costs: Lumbar punc-
ture is an invasive and often painful
procedure and can be costly.


● Benefits/harms assessment: Pre-
ponderance of benefit over harm.


● Value judgments: Observational data
and clinical principles were used in
making this judgment.


● Role of patient preferences: Although
parents may not wish to have their
child undergo a lumbar puncture,
health care providers should explain
that ifmeningitis is not diagnosedand
treated, it could be fatal.


● Exclusions: None.


● Intentional vagueness: None.


● Policy level: Strongrecommendation.


Action Statement 1b


In any infant between 6 and 12
months of age who presents with a
seizure and fever, a lumbar puncture
is an option when the child is consid-
ered deficient in Haemophilus influ-
enzae type b (Hib) or Streptococcus
pneumoniae immunizations (ie, has
not received scheduled immuniza-
tions as recommended) or when im-
munization status cannot be deter-
mined because of an increased risk
of bacterial meningitis.


● Aggregate evidence level: D (expert
opinion, case reports).


● Benefits: Meningeal signs and symp-
toms strongly suggest meningitis,
which, if bacterial in etiology, will


likely be fatal or cause significant
long-term disability if left untreated.


● Harms/risks/costs: Lumbar punc-
ture is an invasive and often painful
procedure and can be costly.


● Benefits/harms assessment: Pre-
ponderance of benefit over harm.


● Value judgments: Data on the in-
cidence of bacterial meningitis
from before and after the existence
of immunizations against Hib and
S pneumoniae were used in making
this recommendation.


● Role of patient preferences: Although
parents may not wish their child to
undergo a lumbar puncture, health
care providers should explain that in
the absence of complete immuniza-
tions, their childmay be at risk of hav-
ing fatal bacterial meningitis.


● Exclusions: This recommendation
applies only to children 6 to 12
months of age. The subcommittee
felt that clinicians would recognize
symptoms of meningitis in children
older than 12 months.


● Intentional vagueness: None.


● Policy level: Option.


Action Statement 1c


A lumbar puncture is an option in
the child who presents with a sei-
zure and fever and is pretreated
with antibiotics, because antibi-
otic treatment can mask the signs
and symptoms of meningitis.


● Aggregate evidence level: D (rea-
soning from clinical experience,
case series).


● Benefits: Antibiotics may mask men-
ingeal signs and symptoms but may
be insufficient to eradicate meningi-
tis; a diagnosis of meningitis, if bacte-
rial in etiology, will likely be fatal if left
untreated.


● Harms/risks/costs: Lumbar punc-
ture is an invasive and often painful
procedure and can be costly.


FIGURE 1
Integrating evidence quality appraisal with an assessment of the anticipated balance between bene-
fits and harms if a policy is carried out leads to designation of a policy as a strong recommendation,
recommendation, option, or no recommendation. RCT indicates randomized controlled trial; Rec,
recommendation.
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● Benefits/harms assessment: Pre-
ponderance of benefit over harm.


● Value judgments: Clinical experience
and case series were used in making
this judgment while recognizing that
extensive data from studies are
lacking.


● Role of patient preferences: Although
parents may not wish to have their
child undergo a lumbar puncture,
medical providers should explain that
in the presence of pretreatment with
antibiotics, the signs and symptoms
of meningitis may be masked. Menin-
gitis, if untreated, can be fatal.


● Exclusions: None.


● Intentional vagueness: Data are in-
sufficient to define the specific treat-
ment duration necessary to mask
signs and symptoms. The committee
determined that the decision to per-
form a lumbar puncture will depend
on the type and duration of antibiot-
ics administered before the seizure
and should be left to the individual
clinician.


● Policy level: Option.


The committee recognizes the diversity
of past and present opinions regarding
the need for lumbar punctures in chil-
dren younger than12monthswitha sim-
ple febrile seizure. Since the publication
of the previous practice parameter,1


however, there has beenwidespread im-
munization in the United States for 2 of
the most common causes of bacterial
meningitis in this age range: Hib and S
pneumoniae. Although compliance with
all scheduled immunizations as recom-
mended does not completely eliminate
the possibility of bacterial meningitis
from the differential diagnosis, current
data no longer support routine lumbar
puncture in well-appearing, fully immu-
nizedchildrenwhopresentwithasimple
febrile seizure.6–8 Moreover, although
approximately 25% of young children
withmeningitis have seizures as the pre-
senting sign of the disease, some are ei-


ther obtunded or comatose when evalu-
ated by a physician for the seizure, and
the remainder most often have obvious
clinical signs of meningitis (focal sei-
zures, recurrent seizures, petechial
rash, or nuchal rigidity).9–11 Once a deci-
sionhasbeenmade toperforma lumbar
puncture, then blood culture and serum
glucose testing should be performed
concurrently to increase the sensitivity
for detecting bacteria and to determine
if there is hypoglycorrhachia character-
istic of bacterialmeningitis, respectively.


Recent studies that evaluated the out-
come of children with simple febrile sei-
zures have included populations with a
high prevalence of immunization.7,8 Data
for unimmunized or partially immunized
children are lacking. Therefore, lumbar
puncture is an option for young children
who are considered deficient in immuni-
zations or those in whom immunization
status cannot be determined. There are
also no definitive data on the outcome of
children who present with a simple fe-
brile seizurewhilealreadyonantibiotics.
The authors were unable to find a defini-
tion of “pretreated” in the literature, so
they consulted with the AAP Committee
on Infectious Diseases. Although there is
no formal definition, pretreatment can
beconsidered to includesystemicantibi-
otic therapybyany routegivenwithin the
days before the seizure. Whether pre-
treatment will affect the presentation
and course of bacterial meningitis can-
not be predicted but will depend, in part,
on the antibiotic administered, the dose,
the route of administration, the drug’s
cerebrospinal fluid penetration, and the
organism causing the meningitis. Lum-
bar puncture is an option in any child
pretreatedwith antibiotics before a sim-
ple febrile seizure.


Action Statement 2


An electroencephalogram (EEG)
should not be performed in the eval-
uation of a neurologically healthy
child with a simple febrile seizure.


● Aggregate evidence level: B (over-
whelming evidence from observa-
tional studies).


● Benefits: One study showed a pos-
sible association with paroxysmal
EEGs and a higher rate of afebrile
seizures.12


● Harms/risks/costs: EEGs are costly
and may increase parental anxiety.


● Benefits/harmsassessment: Prepon-
derance of harm over benefit.


● Value judgments: Observational data
were used for this judgment.


● Role of patient preferences: Although
an EEG might have limited prognostic
utility in this situation, parents should
be educated that the study will not al-
ter outcome.


● Exclusions: None.


● Intentional vagueness: None.


● Policy level: Strongrecommendation.


There is no evidence that EEG readings
performed either at the time of presen-
tation after a simple febrile seizure or
within the following month are predic-
tive of either recurrence of febrile sei-
zures or the development of afebrile
seizures/epilepsy within the next 2
years.13,14 There is a single study that
found that a paroxysmal EEGwas associ-
ated with a higher rate of afebrile sei-
zures.12 There is no evidence that inter-
ventions based on this test would alter
outcome.


Action Statement 3


The following tests should not be per-
formed routinely for the sole pur-
pose of identifying the cause of a sim-
ple febrile seizure: measurement of
serum electrolytes, calcium, phos-
phorus, magnesium, or blood glu-
cose or complete blood cell count.


● Aggregate evidence level: B (over-
whelming evidence from observa-
tional studies).


● Benefits: A complete blood cell count
may identify children at risk for bacte-
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remia; however, the incidence of bac-
teremia in febrile children younger
than 24 months is the same with or
without febrile seizures.


● Harms/risks/costs: Laboratory tests
may be invasive and costly and pro-
vide no real benefit.


● Benefits/harmsassessment: Prepon-
derance of harm over benefit.


● Value judgments: Observational data
were used for this judgment.


● Role of patient preferences: Although
parents may want blood tests per-
formed to explain the seizure, they
should be reassured that blood tests
should be directed toward identifying
the source of their child’s fever.


● Exclusions: None.


● Intentional vagueness: None.


● Policy level: Strongrecommendation.


There is no evidence to suggest that rou-
tine blood studies are of benefit in the
evaluation of the child with a simple fe-
brile seizure.15–18 Although some chil-
dren with febrile seizures have abnor-
mal serum electrolyte values, their
condition should be identifiable by ob-
taining appropriate histories and per-
forming careful physical examinations. It
shouldbenoted that asagroup, children
with febrile seizures have relatively low
serum sodium concentrations. As such,
physicians and caregivers should avoid
overhydration with hypotonic fluids.18


Complete blood cell counts may be use-
ful as a means of identifying young chil-
dren at risk of bacteremia. It should be
noted, however, that the incidence of
bacteremia in children younger than 24
months with or without febrile seizures
is the same. When fever is present, the
decision regarding the need for labora-
tory testing should be directed toward
identifying the source of the fever rather


than as part of the routine evaluation of
the seizure itself.


Action Statement 4


Neuroimaging should not be per-
formed in the routine evaluation of
the child with a simple febrile
seizure.


● Aggregate evidence level: B (over-
whelming evidence from observa-
tional studies).


● Benefits: Neuroimaging might pro-
vide earlier detection of fixed struc-
tural lesions, such as dysplasia, or
very rarely, abscess or tumor.


● Harms/risks/costs: Neuroimaging
tests are costly, computed tomogra-
phy (CT) exposes children to radia-
tion, and MRI may require sedation.


● Benefits/harmsassessment: Prepon-
derance of harm over benefit.


● Value judgments: Observational data
were used for this judgment.


● Role of patient preferences: Although
parents may want neuroimaging per-
formed to explain the seizure, they
should be reassured that the tests
carry risks andwill not alter outcome
for their child.


● Exclusions: None.


● Intentional vagueness: None.


● Policy level: Strongrecommendation.


The literature does not support the use
of skull films in evaluation of the child
with a febrile seizure.15,19 No data have
been published that either support or
negate the need for CT or MRI in the
evaluation of children with simple fe-
brile seizures. Data, however, show that
CT scanning is associated with radia-
tion exposure that may escalate future
cancer risk. MRI is associated with
risks from required sedation and high
cost.20,21 Extrapolation of data from the


literature on the use of CT in neurologi-
cally healthy children who have general-
ized epilepsy has shown that clinically
important intracranial structural abnor-
malities in this patient population are
uncommon.22,23


CONCLUSIONS


Clinicians evaluating infants or young
children after a simple febrile seizure
should direct their attention toward
identifying the cause of the child’s fe-
ver. Meningitis should be considered
in the differential diagnosis for any fe-
brile child, and lumbar puncture
should be performed if the child is ill-
appearing or if there are clinical signs
or symptoms of concern. A lumbar
puncture is an option in a child 6 to 12
months of age who is deficient in Hib
and S pneumoniae immunizations or
for whom immunization status is un-
known. A lumbar puncture is an option
in children who have been pretreated
with antibiotics. In general, a simple
febrile seizure does not usually re-
quire further evaluation, specifically
EEGs, blood studies, or neuroimaging.
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CLINICAL PRACTICE GUIDELINE


The Diagnosis and Management of Acute Otitis Media


abstract
This evidence-based clinical practice guideline is a revision of the 2004
acute otitis media (AOM) guideline from the American Academy of Pe-
diatrics (AAP) and American Academy of Family Physicians. It provides
recommendations to primary care clinicians for the management of
children from 6 months through 12 years of age with uncomplicated
AOM.


In 2009, the AAP convened a committee composed of primary care
physicians and experts in the fields of pediatrics, family practice, oto-
laryngology, epidemiology, infectious disease, emergency medicine,
and guideline methodology. The subcommittee partnered with the
Agency for Healthcare Research and Quality and the Southern Califor-
nia Evidence-Based Practice Center to develop a comprehensive review
of the new literature related to AOM since the initial evidence report of
2000. The resulting evidence report and other sources of data were
used to formulate the practice guideline recommendations.


The focus of this practice guideline is the appropriate diagnosis and
initial treatment of a child presenting with AOM. The guideline provides
a specific, stringent definition of AOM. It addresses pain management,
initial observation versus antibiotic treatment, appropriate choices of
antibiotic agents, and preventive measures. It also addresses recur-
rent AOM, which was not included in the 2004 guideline. Decisions were
made on the basis of a systematic grading of the quality of evidence
and benefit-harm relationships.


The practice guideline underwent comprehensive peer review before
formal approval by the AAP.


This clinical practice guideline is not intended as a sole source of guid-
ance in the management of children with AOM. Rather, it is intended to
assist primary care clinicians by providing a framework for clinical
decision-making. It is not intended to replace clinical judgment or es-
tablish a protocol for all children with this condition. These recommend-
ations may not provide the only appropriate approach to the
management of this problem. Pediatrics 2013;131:e964–e999


Allan S. Lieberthal, MD, FAAP, Aaron E. Carroll, MD, MS,
FAAP, Tasnee Chonmaitree, MD, FAAP, Theodore G. Ganiats,
MD, Alejandro Hoberman, MD, FAAP, Mary Anne Jackson,
MD, FAAP, Mark D. Joffe, MD, FAAP, Donald T. Miller, MD,
MPH, FAAP, Richard M. Rosenfeld, MD, MPH, FAAP, Xavier D.
Sevilla, MD, FAAP, Richard H. Schwartz, MD, FAAP, Pauline A.
Thomas, MD, FAAP, and David E. Tunkel, MD, FAAP, FACS


KEY WORDS
acute otitis media, otitis media, otoscopy, otitis media with
effusion, watchful waiting, antibiotics, antibiotic prophylaxis,
tympanostomy tube insertion, immunization, breastfeeding


ABBREVIATIONS
AAFP—American Academy of Family Physicians
AAP—American Academy of Pediatrics
AHRQ—Agency for Healthcare Research and Quality
AOM—acute otitis media
CI—confidence interval
FDA—US Food and Drug Administration
LAIV—live-attenuated intranasal influenza vaccine
MEE—middle ear effusion
MIC—minimum inhibitory concentration
NNT—number needed to treat
OM—otitis media
OME—otitis media with effusion
OR—odds ratio
PCV7—heptavalent pneumococcal conjugate vaccine
PCV13—13-valent pneumococcal conjugate vaccine
RD—rate difference
SNAP—safety-net antibiotic prescription
TIV—trivalent inactivated influenza vaccine
TM—tympanic membrane
WASP—wait-and-see prescription


This document is copyrighted and is property of the American
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Academy of Pediatrics. Any conflicts have been resolved through
a process approved by the Board of Directors. The American
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The recommendations in this report do not indicate an exclusive
course of treatment or serve as a standard of medical care.
Variations, taking into account individual circumstances, may be
appropriate.
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Key Action Statement 1A: Clinicians
should diagnose acute otitis media
(AOM) in children who present with
moderate to severe bulging of the
tympanic membrane (TM) or new
onset of otorrhea not due to acute
otitis externa. Evidence Quality:
Grade B. Strength: Recommendation.


Key Action Statement 1B: Clinicians
may diagnose AOM in children who
present with mild bulging of the TM
and recent (less than 48 hours)
onset of ear pain (holding, tugging,
rubbing of the ear in a nonverbal
child) or intense erythema of
the TM. Evidence Quality: Grade C.
Strength: Recommendation.


Key Action Statement 1C: Clinicians
should not diagnose AOM in chil-
dren who do not have middle ear
effusion (MEE) (based on pneu-
matic otoscopy and/or tympanometry).
Evidence Quality: Grade B. Strength:
Recommendation.


Key Action Statement 2: The man-
agement of AOM should include an
assessment of pain. If pain is
present, the clinician should rec-
ommend treatment to reduce pain.
Evidence Quality: Grade B. Strength:
Strong Recommendation.


Key Action Statement 3A: Severe
AOM: The clinician should prescribe
antibiotic therapy for AOM (bilateral
or unilateral) in children 6 months
and older with severe signs or
symptoms (ie, moderate or severe
otalgia or otalgia for at least 48
hours or temperature 39°C [102.2°F]
or higher). Evidence Quality: Grade B.
Strength: Strong Recommendation.


Key Action Statement 3B: Non-
severe bilateral AOM in young
children: The clinician should pre-
scribe antibiotic therapy for bi-
lateral AOM in children 6 months
through 23 months of age without
severe signs or symptoms (ie, mild
otalgia for less than 48 hours and


temperature less than 39°C [102.2°F]).
Evidence Quality: Grade B. Strength:
Recommendation.


Key Action Statement 3C: Non-
severe unilateral AOM in young
children: The clinician should ei-
ther prescribe antibiotic therapy
or offer observation with close
follow-up based on joint decision-
making with the parent(s)/caregiver
for unilateral AOM in children 6
months to 23 months of age without
severe signs or symptoms (ie, mild
otalgia for less than 48 hours
and temperature less than 39°C
[102.2°F]). When observation is
used, a mechanism must be in place
to ensure follow-up and begin anti-
biotic therapy if the child worsens
or fails to improve within 48 to
72 hours of onset of symptoms.
Evidence Quality: Grade B. Strength:
Recommendation.


Key Action Statement 3D: Nonsevere
AOM in older children: The clinician
should either prescribe antibiotic
therapy or offer observation with
close follow-up based on joint
decision-making with the parent(s)/
caregiver for AOM (bilateral or uni-
lateral) in children 24 months or
older without severe signs or
symptoms (ie, mild otalgia for less
than 48 hours and temperature less
than 39°C [102.2°F]). When obser-
vation is used, a mechanism must
be in place to ensure follow-up and
begin antibiotic therapy if the child
worsens or fails to improve within
48 to 72 hours of onset of symptoms.
Evidence Quality: Grade B. Strength:
Recommendation.


Key Action Statement 4A: Clinicians
should prescribe amoxicillin for
AOM when a decision to treat with
antibiotics has been made and the
child has not received amoxicillin in
the past 30 days or the child does
not have concurrent purulent con-
junctivitis or the child is not allergic


to penicillin. Evidence Quality: Grade
B. Strength: Recommendation.


Key Action Statement 4B: Clinicians
should prescribe an antibiotic with
additional β-lactamase coverage
for AOM when a decision to treat
with antibiotics has been made,
and the child has received amoxi-
cillin in the last 30 days or has
concurrent purulent conjunctivitis,
or has a history of recurrent AOM
unresponsive to amoxicillin. Evi-
dence Quality: Grade C. Strength:
Recommendation.


Key Action Statement 4C: Clinicians
should reassess the patient if the
caregiver reports that the child’s
symptoms have worsened or failed
to respond to the initial antibiotic
treatment within 48 to 72 hours
and determine whether a change
in therapy is needed. Evidence
Quality: Grade B. Strength: Recom-
mendation.


Key Action Statement 5A: Clinicians
should not prescribe prophylactic
antibiotics to reduce the frequency
of episodes of AOM in children with
recurrent AOM. Evidence Quality:
Grade B. Strength: Recommendation.


Key Action Statement 5B: Clinicians
may offer tympanostomy tubes for
recurrent AOM (3 episodes in 6
months or 4 episodes in 1 year
with 1 episode in the preceding
6 months). Evidence Quality: Grade
B. Strength: Option.


Key Action Statement 6A: Clinicians
should recommend pneumococcal
conjugate vaccine to all children
according to the schedule of the
Advisory Committee on Immuniza-
tion Practices of the Centers for
Disease Control and Prevention,
American Academy of Pediatrics
(AAP), and American Academy of
Family Physicians (AAFP). Evidence
Quality: Grade B. Strength: Strong
Recommendation.
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Key Action Statement 6B: Clinicians
should recommend annual influenza
vaccine to all children according to
the schedule of the Advisory Com-
mittee on Immunization Practices,
AAP, and AAFP. Evidence Quality:
Grade B. Strength: Recommendation.


2Key Action Statement 6C: Clinicians
should encourage exclusive breast-
feeding for at least 6 months. Evi-
dence Quality: Grade B. Strength:
Recommendation.


Key Action Statement 6D: Clinicians
should encourage avoidance of to-
bacco smoke exposure. Evidence
Quality: Grade C. Strength: Recom-
mendation.


INTRODUCTION


In May 2004, the AAP and AAFP pub-
lished the “Clinical Practice Guideline:
Diagnosis and Management of Acute
Otitis Media”.1 The guideline offered
8 recommendations ranked accord-
ing to level of evidence and benefit-
harm relationship. Three of the
recommendations—diagnostic criteria,
observation, and choice of antibiotics—
led to significant discussion, especially
among experts in the field of otitis me-
dia (OM). Also, at the time the guideline
was written, information regarding the
heptavalent pneumococcal conjugate
vaccine (PCV7) was not yet published.
Since completion of the guideline in
November 2003 and its publication in
May 2004, there has been a significant
body of additional literature on AOM.


Although OM remains the most common
condition for which antibacterial agents
are prescribed for children in the United
States2,3 clinician visits for OM de-
creased from 950 per 1000 children in
1995–1996 to 634 per 1000 children in
2005–2006. There has been a pro-
portional decrease in antibiotic pre-
scriptions for OM from 760 per 1000
in 1995–1996 to 484 per 1000 in
2005–2006. The percentage of OM visits


resulting in antibiotic prescriptions
remained relatively stable (80% in 1995–
1996; 76% in 2005–2006).2 Many factors
may have contributed to the decrease
in visits for OM, including financial
issues relating to insurance, such as
copayments, that may limit doctor visits,
public education campaigns regarding
the viral nature of most infectious dis-
eases, use of the PCV7 pneumococcal
vaccine, and increased use of the
influenza vaccine. Clinicians may also be
more attentive to differentiating AOM
from OM with effusion (OME), resulting
in fewer visits coded for AOM and
fewer antibiotic prescriptions written.


Despite significant publicity and
awareness of the 2004 AOM guideline,
evidence shows that clinicians are
hesitant to follow the guideline recom-
mendations. Vernacchio et al4 surveyed
489 primary care physicians as to their
management of 4 AOM scenarios
addressed in the 2004 guideline. No
significant changes in practice were
noted on this survey, compared with
a survey administered before the 2004
AOM guideline. Coco5 used the National
Ambulatory Medical Care Survey from
2002 through 2006 to determine the
frequency of AOM visits without anti-
biotics before and after publication of
the 2004 guideline. There was no dif-
ference in prescribing rates. A similar
response to otitis guidelines was found
in Italy as in the United States.6,7


These findings parallel results of other
investigations regarding clinician aware-
ness and adherence to guideline
recommendations in all specialties,
including pediatrics.8 Clearly, for clin-
ical practice guidelines to be effective,
more must be done to improve their
dissemination and implementation.


This revision and update of the AAP/AAFP
2004 AOM guideline1 will evaluate pub-
lished evidence on the diagnosis and
management of uncomplicated AOM
and make recommendations based on
that evidence. The guideline is intended


for primary care clinicians including
pediatricians and family physicians,
emergency department physicians,
otolaryngologists, physician assistants,
and nurse practitioners. The scope
of the guideline is the diagnosis
and management of AOM, including
recurrent AOM, in children 6 months
through 12 years of age. It applies only
to an otherwise healthy child without
underlying conditions that may alter
the natural course of AOM, including
but not limited to the presence of
tympanostomy tubes; anatomic abnor-
malities, including cleft palate; genetic
conditions with craniofacial abnormali-
ties, such as Down syndrome; immune
deficiencies; and the presence of co-
chlear implants. Children with OME
without AOM are also excluded.


Glossary of Terms


AOM—the rapid onset of signs and
symptoms of inflammation in the
middle ear9,10


Uncomplicated AOM—AOM without
otorrhea1


Severe AOM—AOM with the presence
of moderate to severe otalgia or fever
equal to or higher than 39°C9,10


Nonsevere AOM—AOM with the
presence of mild otalgia and a tem-
perature below 39°C9,10


Recurrent AOM—3 or more well-
documented and separate AOM epi-
sodes in the preceding 6 months or
4 or more episodes in the preceding
12 months with at least 1 episode in
the past 6 months11,12


OME—inflammation of the middle ear
with liquid collected in the middle ear;
the signs and symptoms of acute in-
fection are absent9


MEE—liquid in the middle ear without
reference to etiology, pathogenesis,
pathology, or duration9


Otorrhea—discharge from the ear,
originating at 1 or more of the follow-
ing sites: the external auditory canal,
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middle ear, mastoid, inner ear, or in-
tracranial cavity


Otitis externa—an infection of the
external auditory canal


Tympanometry—measuring acoustic
immittance (transfer of acoustic en-
ergy) of the ear as a function of ear
canal air pressure13,14


Number needed to treat (NNT)—the
number of patients who need to be
treated to prevent 1 additional bad
outcome15


Initial antibiotic therapy—treatment
of AOM with antibiotics that are pre-
scribed at the time of diagnosis with the
intent of starting antibiotic therapy as
soon as possible after the encounter


Initial observation—initial manage-
ment of AOM limited to symptomatic
relief, with commencement of antibiotic
therapy only if the child’s condition
worsens at any time or does not show
clinical improvement within 48 to 72
hours of diagnosis; a mechanism must
be in place to ensure follow-up and
initiation of antibiotics if the child fails
observation


METHODS


Guideline development using an
evidence-based approach requires
that all evidence related to the
guideline is gathered in a systematic
fashion, objectively assessed, and then
described so readers can easily see
the links between the evidence and
recommendations made. An evidence-
based approach leads to recom-
mendations that are guided by both
the quality of the available evidence
and the benefit-to-harm ratio that
results from following the recom-
mendation. Figure 1 shows the re-
lationship of evidence quality and
benefit-harm balance in determining
the level of recommendation. Table 1
presents the AAP definitions and
implications of different levels of
evidence-based recommendations.16


In preparing for the 2004 AAP guide-
lines, the Agency for Healthcare Re-
search and Quality (AHRQ) funded and
conducted an exhaustive review of the
literature on diagnosis and manage-
ment of AOM.17–19 In 2008, the AHRQ and
the Southern California Evidence-Based
Practice Center began a similar pro-
cess of reviewing the literature pub-
lished since the 2001 AHRQ report. The
AAP again partnered with AHRQ and
the Southern California Evidence-Based
Practice Center to develop the evi-
dence report, which served as a major
source of data for these practice
guideline recommendations.20,21 New
key questions were determined by
a technical expert panel. The scope of
the new report went beyond the 2001
AHRQ report to include recurrent AOM.


The key questions addressed by AHRQ
in the 2010 report were as follows:


1. Diagnosis of AOM: What are the op-
erating characteristics (sensitivity,
specificity, and likelihood ratios) of
clinical symptoms and otoscopic
findings (such as bulging TM) to
diagnose uncomplicated AOM and
to distinguish it from OME?


2. What has been the effect of the use
of heptavalent PCV7 on AOM micro-
bial epidemiology, what organisms
(bacterial and viral) are associated
with AOM since the introduction of
PCV7, and what are the patterns


of antimicrobial resistance in AOM
since the introduction of PCV7?


3. What is the comparative effective-
ness of various treatment options
for treating uncomplicated AOM in
average risk children?


4. What is the comparative effectiveness
of different management options for
recurrent OM (uncomplicated) and
persistent OM or relapse of AOM?


5. Do treatment outcomes in Ques-
tions 3 and 4 differ by character-
istics of the condition (AOM), patient,
environment, and/or health care de-
livery system?


6. What adverse effects have been ob-
served for treatments for which
outcomes are addressed in Ques-
tions 3 and 4?


For the 2010 review, searches of PubMed
and the Cochrane Database of System-
atic Reviews, Cochrane Central Register
of Controlled Trials, and Education
Resources Information Center were
conducted by using the same search
strategies used for the 2001 report for
publications from 1998 through June
2010. Additional terms or conditions not
considered in the 2001 review (recurrent
OM, new drugs, and heptavalent pneu-
mococcal vaccine) were also included.
The Web of Science was also used to
search for citations of the 2001 report
and its peer-reviewed publications. Titles
were screened independently by 2


FIGURE 1
Relationship of evidence quality and benefit-harm balance in determining the level of recommen-
dation. RCT, randomized controlled trial.
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pediatricians with experience in con-
ducting systematic reviews.


For the question pertaining to diagnosis,
efficacy, and safety, the search was
primarily for clinical trials. For the
question pertaining to the effect of PCV7
on epidemiology and microbiology, the
group searched for trials that compared
microbiology in the same populations
before and after introduction of the
vaccine or observational studies that
compared microbiology across vacci-
nated and unvaccinated populations.


In total, the reviewers examined 7646
titles, of which 686 titles were identified
for further review. Of those, 72 articles
that met the predetermined inclusion
and exclusion criteria were reviewed in
detail. Investigators abstracted data
into standard evidence tables, with
accuracy checked by a second in-
vestigator. Studies were quality-rated
by 2 investigators by using estab-
lished criteria. For randomized con-
trolled trials, the Jadad criteria were
used.22 QUADAS criteria23 were used to
evaluate the studies that pertained to
diagnosis. GRADE criteria were applied
to pooled analyses.24 Data abstracted


included parameters necessary to de-
fine study groups, inclusion/exclusion
criteria, influencing factors, and out-
come measures. Some of the data for
analysis were abstracted by a bio-
statistician and checked by a physician
reviewer. A sequential resolution strat-
egy was used to match and resolve the
screening and review results of the
2 pediatrician reviewers.


For the assessment of treatment effi-
cacy, pooled analyses were performed
for comparisons for which 3 or more
trials could be identified. Studies eligi-
ble for analyses of questions pertaining
to treatment efficacy were grouped for
comparisons by treatment options. Each
comparison consisted of studies that
were considered homogeneous across
clinical practice. Because some of the
key questions were addressed in the
2001 evidence report,17 studies identi-
fied in that report were included with
newly identified articles in the 2010
evidence report.20


Decisions were made on the basis of
a systematic grading of the quality of ev-
idence and strength of recommendations
as well as expert consensus when


definitive data were not available.
Results of the literature review were
presented in evidence tables and pub-
lished in the final evidence report.20


In June 2009, the AAP convened a new
subcommittee to review and revise the
May 2004 AOM guideline.1 The sub-
committee comprised primary care
physicians and experts in the fields of
pediatrics, family practice, otolaryn-
gology, epidemiology, infectious dis-
ease, emergency medicine, and
guideline methodology. All panel
members reviewed the AAP policy on
conflict of interest and voluntary dis-
closure and were given an opportu-
nity to present any potential conflicts
with the subcommittee’s work. All po-
tential conflicts of interest are listed
at the end of this document. The project
was funded by the AAP. New literature
on OM is continually being published.
Although the systematic review per-
formed by AHRQ could not be repli-
cated with new literature, members
of the Subcommittee on Diagnosis
and Management of Acute Otitis Media
reviewed additional articles. PubMed
was searched by using the single
search term “acute otitis media,”


TABLE 1 Guideline Definitions for Evidence-Based Statements


Statement Definition Implication


Strong Recommendation A strong recommendation in favor of a particular action is made
when the anticipated benefits of the recommended
intervention clearly exceed the harms (as a strong
recommendation against an action is made when the
anticipated harms clearly exceed the benefits) and the quality
of the supporting evidence is excellent. In some clearly
identified circumstances, strong recommendations may be
made when high-quality evidence is impossible to obtain and
the anticipated benefits strongly outweigh the harms.


Clinicians should follow a strong recommendation unless
a clear and compelling rationale for an alternative approach
is present.


Recommendation A recommendation in favor of a particular action is made when
the anticipated benefits exceed the harms, but the quality of
evidence is not as strong. Again, in some clearly identified
circumstances, recommendations may be made when high-
quality evidence is impossible to obtain but the anticipated
benefits outweigh the harms.


Clinicians would be prudent to follow a recommendation but
should remain alert to new information and sensitive to
patient preferences.


Option Options define courses that may be taken when either the
quality of evidence is suspect or carefully performed studies
have shown little clear advantage to 1 approach over another.


Clinicians should consider the option in their decision-making,
and patient preference may have a substantial role.


No Recommendation No recommendation indicates that there is a lack of pertinent
published evidence and that the anticipated balance of
benefits and harms is presently unclear.


Clinicians should be alert to new published evidence that
clarifies the balance of benefit versus harm.
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approximately every 6 months from
June 2009 through October 2011 to
obtain new articles. Subcommittee
members evaluated pertinent articles
for quality of methodology and im-
portance of results. Selected articles
used in the AHRQ review were also
reevaluated for their quality. Con-
clusions were based on the consensus
of the subcommittee after the review
of newer literature and reevaluation of
the AHRQ evidence. Key action state-
ments were generated using BRIDGE-Wiz
(Building Recommendations in a Devel-
opers Guideline Editor), an interactive
software tool that leads guideline de-
velopment through a series of questions
that are intended to create a more ac-
tionable set of key action statements.25


BRIDGE-Wiz also incorporates the quality
of available evidence into the final de-
termination of the strength of each
recommendation.


After thorough review by the sub-
committee for this guideline, a draft
was reviewed by other AAP committees
and sections, selected outside organ-
izations, and individuals identified
by the subcommittee as experts in
the field. Additionally, members of
the subcommittee were encouraged to
distribute the draft to interested par-
ties in their respective specialties. All
comments were reviewed by the writ-
ing group and incorporated into the
final guideline when appropriate.


This clinical practice guideline is not
intended as a sole source of guidance
in the management of children with
AOM. Rather, it is intended to assist
clinicians in decision-making. It is not
intended to replace clinical judgment
or establish a protocol for the care
of all children with this condition.
These recommendations may not
provide the only appropriate approach
to the management of children with
AOM.


It is AAP policy to review and update
evidence-based guidelines every 5 years.


KEY ACTION STATEMENTS
Key Action Statement 1A


Clinicians should diagnose AOM in
children who present with moderate


to severe bulging of the TM or new
onset of otorrhea not due to acute


otitis externa. (Evidence Quality: Grade


B, Rec. Strength: Recommendation)


Key Action Statement 1B


Clinicians should diagnose AOM in
children who present with mild
bulging of the TM and recent (less
than 48 hours) onset of ear pain


(holding, tugging, rubbing of the
ear in a nonverbal child) or intense
erythema of the TM. (Evidence
Quality: Grade C, Rec. Strength:
Recommendation)


Key Action Statement Profile: KAS 1A
Aggregate evidence quality Grade B


Benefits • Identify a population of children most likely to benefit from
intervention.


• Avoid unnecessary treatment of those without highly certain
AOM.


• Promote consistency in diagnosis.
Risks, harms, cost May miss AOM that presents with a combination of mild bulging,


intense erythema, or otalgia that may not necessarily
represent less severe disease and may also benefit from
intervention.


Benefits-harms assessment Preponderance of benefit.
Value judgments Identification of a population of children with highly certain AOM


is beneficial. Accurate, specific diagnosis is helpful to the
individual patient. Modification of current behavior of
overdiagnosis is a goal. Increased specificity is preferred
even as sensitivity is lowered.


Intentional vagueness By using stringent diagnostic criteria, the TM appearance of less
severe illness that might be early AOM has not been
addressed.


Role of patient preferences None
Exclusions None
Strength Recommendation
Notes Tympanocentesis studies confirm that using these diagnostic


findings leads to high levels of isolation of pathogenic
bacteria. Evidence is extrapolated from treatment studies
that included tympanocentesis.


Key Action Statement Profile: KAS 1B
Aggregate evidence quality Grade C


Benefits Identify AOM in children when the diagnosis is not highly
certain.


Risks, harms, cost Overdiagnosis of AOM. Reduced precision in diagnosis.
Benefits-harms assessment Benefits greater than harms.
Value judgments None.
Intentional vagueness Criteria may be more subjective.
Role of patient preferences None
Exclusions None
Strength Recommendation
Notes Recent onset of ear pain means within the past 48 hours.
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Key Action Statement 1C


Clinicians should not diagnose AOM in
children who do not have MEE (based


on pneumatic otoscopy and/or tym-
panometry). (Evidence Quality: Grade


B, Rec. Strength: Recommendation)


Purpose of This Section


There is no gold standard for the di-
agnosis of AOM. In fact, AOM has
a spectrum of signs as the disease
develops.26 Therefore, the purpose of
this section is to provide clinicians
and researchers with a working clin-
ical definition of AOM and to differ-
entiate AOM from OME. The criteria
were chosen to achieve high specific-
ity recognizing that the resulting de-
creased sensitivity may exclude less
severe presentations of AOM.


Changes From AAP/AAFP 2004 AOM
Guideline


Accurate diagnosis of AOM is critical to
sound clinical decision-making and
high-quality research. The 2004 “Clin-
ical Practice Guideline: Diagnosis and
Management of AOM”1 used a 3-part
definition for AOM: (1) acute onset of
symptoms, (2) presence of MEE, and
(3) signs of acute middle ear in-
flammation. This definition generated
extensive discussion and reanalysis of
the AOM diagnostic evidence. The 2004
definition lacked precision to exclude
cases of OME, and diagnoses of AOM


could be made in children with acute
onset of symptoms, including severe
otalgia and MEE, without other otoscopic
findings of inflammation.27 Further-
more, the use of “uncertain dia-
gnosis” in the 2004 AOM guideline may
have permitted diagnoses of AOM
without clear visualization of the TM.
Earlier studies may have enrolled
children who had OME rather than
AOM, resulting in the possible classi-
fication of such children as improved
because their nonspecific symptoms
would have abated regardless of
therapy.28–30 Two studies, published in
2011, used stringent diagnostic crite-
ria for diagnosing AOM with much
less risk of conclusions based on data
from mixed patients.31,32


Since publication of the 2004 AOM
guideline, a number of studies have
been conducted evaluating scales for
the presence of symptoms. These
studies did not show a consistent
correlation of symptoms with the ini-
tial diagnosis of AOM, especially in
preverbal children.33–35


Recent research has used precisely
stated stringent criteria of AOM for


purposes of the studies.31,32 The current
guideline endorses stringent otoscopic
diagnostic criteria as a basis for man-
agement decisions (described later). As
clinicians use the proposed stringent
criteria to diagnose AOM, they should
be aware that children with AOM may
also present with recent onset of ear
pain and intense erythema of the TM
as the only otoscopic finding.


Symptoms


Older children with AOM usually
present with a history of rapid onset of
ear pain. However, in young preverbal
children, otalgia as suggested by
tugging/rubbing/holding of the ear,
excessive crying, fever, or changes in
the child’s sleep or behavior pattern
as noted by the parent are often rel-
atively nonspecific symptoms. A num-
ber of studies have attempted to
correlate symptom scores with di-
agnoses of AOM.


A systematic review36 identified 4
articles that evaluated the accuracy
of symptoms.37–40 Ear pain appeared
useful in diagnosing AOM (combined
positive likelihood ratio 3.0–7.3, nega-
tive likelihood ratio 0.4–0.6); however,
it was only present in 50% to 60% of
children with AOM. Conclusions from
these studies may be limited, because
they (1) enrolled children seen by
specialists, not likely to represent the
whole spectrum of severity of illness;
(2) used a clinical diagnosis of AOM
based more on symptomatology rather
than on tympanocentesis; and (3) in-
cluded relatively older children.37,40


Laine et al34 used a questionnaire
administered to 469 parents who
suspected their children, aged 6 to 35
months, had AOM. Of the children, 237
had AOM using strict otoscopic crite-
ria, and 232 had upper respiratory
tract infection without AOM. Restless
sleep, ear rubbing, fever, and non-
specific respiratory or gastrointestinal


Key Action Statement Profile: KAS 1C
Aggregate evidence quality Grade B


Benefits Reduces overdiagnosis and unnecessary treatment. Increases
correct diagnosis of other conditions with symptoms that
otherwise might be attributed to AOM. Promotes the use of
pneumatic otoscopy and tympanometry to improve
diagnostic accuracy.


Risks, harms, cost Cost of tympanometry. Need to acquire or reacquire skills in
pneumatic otoscopy and tympanometry for some clinicians.


Benefits-harms assessment Preponderance of benefit.
Value judgments AOM is overdiagnosed, often without adequate visualization of


the TM. Early AOM without effusion occurs, but the risk of
overdiagnosis supersedes that concern.


Intentional vagueness None
Role of patient preferences None
Exclusions Early AOM evidenced by intense erythema of the TM.
Strength Recommendation
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tract symptoms did not differentiate
children with or without AOM.


McCormick et al30 used 2 symptom
scores—a 3-item score (OM-3), con-
sisting of symptoms of physical suffer-
ing such as ear pain or fever, emotional
distress (irritability, poor appetite), and
limitation in activity; and a 5-item score
(Ear Treatment Group Symptom Ques-
tionnaire, 5 Items [ETG-5]), including
fever, earache, irritability, decreased
appetite, and sleep disturbance—to
assess AOM symptoms at the time of
diagnosis and daily during the 10-day
treatment or observation period. They
found both to be a responsive measure
of changes in clinical symptoms. The
same group35 also tested a visual scale,
Acute Otitis Media-Faces Scale (AOM-FS),
with faces similar to the Wong-Baker
pain scale.41 None of the scales were
adequately sensitive for making the di-
agnosis of AOM based on symptoms. The
AOM-FS combined with an otoscopy score,
OS-8,30 were presented as a double-sided
pocket card. The combination of AOM-FS
and OS-8 was more responsive to change
than either instrument alone.


Shaikh et al33,42 validated a 7-item
parent-reported symptom score (Acute
Otitis Media Severity of Symptom Scale
[AOM-SOS]) for children with AOM, fol-
lowing stringent guidance of the US
Food and Drug Administration (FDA)
on the development of patient-reported
outcome scales. Symptoms included
ear tugging/rubbing/holding, excessive
crying, irritability, difficulty sleeping,
decreased activity or appetite, and
fever. AOM-SOS was correlated with
otoscopic diagnoses (AOM, OME, and
normal middle ear status). AOM-SOS
changed appropriately in response to
clinical change. Its day-to-day re-
sponsiveness supports its usefulness in
following AOM symptoms over time.


Signs of AOM


Few studies have evaluated the re-
lationship of otoscopic findings in AOM


and tympanocentesis. A study by
Karma et al43 is often cited as the best
single study of otoscopic findings in
AOM. However, the study uses only
a symptom-based diagnosis of AOM
plus the presence of MEE. Thus, chil-
dren with acute upper respiratory
tract infection symptoms and OME
would have been considered to have
AOM. There also were significant dif-
ferences in findings at the 2 centers
that participated in the study.


The investigators correlated TM color,
mobility, and position with the pres-
ence of middle ear fluid obtained by
tympanocentesis. At 2 sites in Finland
(Tampere and Oulu), 2911 children
were followed from 6 months to 2.5
years of age. A single otolaryngologist
at Tampere and a single pediatrician at
Oulu examined subjects. Color, posi-
tion, and mobility were recorded.
Myringotomy and aspiration were
performed if MEE was suspected.
AOM was diagnosed if MEE was found
and the child had fever, earache, irri-
tability, ear rubbing or tugging, si-
multaneous other acute respiratory
tract symptoms, vomiting, or di-
arrhea. The presence or absence of
MEE was noted, but no analyses of
the fluid, including culture, were per-
formed. Pneumatic otoscopic findings
were classified as follows: color—
hemorrhagic, strongly red, moderately
red, cloudy or dull, slightly red, or nor-
mal; position—bulging, retracted, or
normal; and mobility—distinctly im-
paired, slightly impaired, or normal.


For this analysis, 11 804 visits were
available. For visits with acute symp-
toms, MEE was found in 84.9% and
81.8% at the 2 sites at which the study
was performed. There were signifi-
cant differences among the results at
the 2 centers involved in the study.
Table 2 shows specific data for each
finding.


The combination of a “cloudy,” bulging
TM with impaired mobility was the


best predictor of AOM using the
symptom-based diagnosis in this study.
Impaired mobility had the highest sen-
sitivity and specificity (approximately
95% and 85%, respectively). Cloudi-
ness had the next best combination of
high sensitivity (∼74%) and high
specificity (∼93%) in this study. Bulg-
ing had high specificity (∼97%) but
lower sensitivity (∼51%). A TM that
was hemorrhagic, strongly red, or
moderately red also correlated with
the presence of AOM, and a TM that
was only “slightly red” was not helpful
diagnostically.


McCormick et al reported that a bulg-
ing TM was highly associated with the
presence of a bacterial pathogen, with
or without a concomitant viral patho-
gen.44 In a small study, 31 children
(40 ears) underwent myringotomy.45


Bulging TMs had positive bacterial
cultures 75% of the time. The
percentage of positive cultures for
a pathogen increased to 80% if the
color of the TM was yellow. The con-
clusion is that moderate to severe
bulging of the TM represents the most
important characteristic in the di-
agnosis of AOM—a finding that has


TABLE 2 Otoscopic Findings in Children With
Acute Symptoms and MEEa


TM Finding in
Acute Visits
With MEE


Group I
(Tampere,
Finland), %


Group II
(Oulo,


Finland), %


Color
Distinctly red 69.8 65.6
Hemorrhagic 81.3 62.9
Strongly red 87.7 68.1
Moderately red 59.8 66.0
Slightly red 39.4 16.7
Cloudy 95.7 80.0
Normal 1.7 4.9


Position
Bulging 96.0 89
Retracted 46.8 48.6
Normal 32.1 22.2


Mobility
Distinctly impaired 94.0 78.5
Slightly impaired 59.7 32.8
Normal 2.7 4.8


a Totals are greater than 100%, because each ear may
have had different findings.43
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implications for clinical care, re-
search, and education.


The committee recognized that there is
a progression from the presence of
MEE to the bulging of the TM, and it
is often difficult to differentiate this
equivocal appearance from the highly
certain AOM criteria advocated in this
guideline.26 As such, there is a role for
individualized diagnosis and manage-
ment decisions. Examples of normal,
mild bulging, moderate bulging, and
severe bulging can be seen in Fig 2.


Distinguishing AOM From OME


OME may occur either as the aftermath
of an episode of AOM or as a conse-
quence of eustachian tube dysfunction
attributable to an upper respiratory
tract infection.46 However, OME may
also precede and predispose to the
development of AOM. These 2 forms of
OM may be considered segments of
a disease continuum.47 However, be-
cause OME does not represent an
acute infectious process that benefits
from antibiotics, it is of utmost im-
portance for clinicians to become
proficient in distinguishing normal
middle ear status from OME or AOM.
Doing so will avoid unnecessary use
of antibiotics, which leads to in-
creased adverse effects of medication
and facilitates the development of
antimicrobial resistance.


Examination of the TM


Accurate diagnosis of AOM in infants
and young children may be difficult.


Symptoms may be mild or overlap with
those of an upper respiratory tract
illness. The TM may be obscured by
cerumen, and subtle changes in the TM
may be difficult to discern. Additional
factors complicating diagnosis may
include lack of cooperation from the
child; less than optimal diagnostic
equipment, including lack of a pneu-
matic bulb; inadequate instruments
for clearing cerumen from the external
auditory canal; inadequate assistance
for restraining the child; and lack of
experience in removing cerumen and
performing pneumatic otoscopy.


The pneumatic otoscope is the stan-
dard tool used in diagnosing OM.
Valuable also is a surgical head, which
greatly facilitates cleaning cerumen
from an infant’s external auditory
canal. Cerumen may be removed by
using a curette, gentle suction, or ir-
rigation.48 The pneumatic otoscope
should have a light source of suffi-
cient brightness and an air-tight seal
that permits application of positive
and negative pressure. In general,
nondisposable specula achieve a bet-
ter seal with less pain because of
a thicker, smoother edge and better
light transmission properties. The
speculum size should be chosen to
gently seal at the outer portion of the
external auditory canal.


Pneumatic otoscopy permits assess-
ment of the contour of the TM (normal,
retracted, full, bulging), its color
(gray, yellow, pink, amber, white, red,
blue), its translucency (translucent,


semiopaque, opaque), and its mobility
(normal, increased, decreased, ab-
sent). The normal TM is translucent,
pearly gray, and has a ground-glass
appearance (Fig 2A). Specific land-
marks can be visualized. They include
the short process and the manubrium
of the malleus and the pars flaccida,
located superiorly. These are easily
observed and help to identify the po-
sition of the TM. Inward movement of
the TM on positive pressure in the
external canal and outward move-
ment on negative pressure should
occur, especially in the superior pos-
terior quadrant. When the TM is
retracted, the short process of the
malleus becomes more prominent,
and the manubrium appears short-
ened because of its change in position
within the middle ear. Inward motion
occurring with positive pressure is
restricted or absent, because the
TM is frequently as far inward as
its range of motion allows. However,
outward mobility can be visualized
when negative pressure is applied. If
the TM does not move perceptibly with
applications of gentle positive or
negative pressure, MEE is likely.
Sometimes, the application of pres-
sure will make an air-fluid interface
behind the TM (which is diagnostic of
MEE) more evident.49


Instruction in the proper evaluation of
the child’s middle ear status should
begin with the first pediatric rotation
in medical school and continue
throughout postgraduate training.50


FIGURE 2
A, Normal TM. B, TM with mild bulging. C, TM with moderate bulging. D, TM with severe bulging. Courtesy of Alejandro Hoberman, MD.
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Continuing medical education should
reinforce the importance of, and re-
train the clinician in, the use of
pneumatic otoscopy.51 Training tools
include the use of a video-otoscope in
residency programs, the use of Web-
based educational resources,49,52 as
well as simultaneous or sequential
examination of TMs with an expert
otoscopist to validate findings by using
a double headed or video otoscope.
Tools for learning the ear examination
can be found in a CD distributed by the
Johns Hopkins University School of
Medicine and the Institute for Johns


Hopkins Nursing,53 also available at
http://www2.aap.org/sections/infectdis/
video.cfm,54 and through a Web-based
program, ePROM: Enhancing Proficiency
in Otitis Media.52


Key Action Statement 2


The management of AOM should
include an assessment of pain. If
pain is present, the clinician
should recommend treatment to
reduce pain. (Evidence Quality:
Grade B, Rec. Strength: Strong
Recommendation)


Purpose of This Section


Pain is the major symptom of AOM. This
section addresses and updates the
literature on treating otalgia.


Changes From AAP/AAFP 2004 AOM
Guideline


Only 2 new articles directly address
the treatment of otalgia. Both address
topical treatment. The 2 new articles
are consistent with the 2004 guideline
statement. The text of the 2004 guideline
is, therefore, reproduced here, with the
addition of discussion of the 2 new
articles. Table 3 has been updated to
include the new references.


Treatment of Otalgia


Many episodes of AOM are associated
with pain.55 Some children with OME
also have ear pain. Although pain is


a common symptom in these ill-
nesses, clinicians often see otalgia as
a peripheral concern not requiring
direct attention.56 Pain associated


with AOM can be substantial in the
first few days of illness and often
persists longer in young children.57


Antibiotic therapy of AOM does not
provide symptomatic relief in the first
24 hours58–61 and even after 3 to 7
days, there may be persistent pain,
fever, or both in 30% of children
younger than 2 years.62 In contrast,
analgesics do relieve pain associated
with AOM within 24 hours63 and
should be used whether antibiotic
therapy is or is not prescribed; they
should be continued as long as
needed. The AAP published the policy
statement “The Assessment and
Management of Acute Pain in Infants,
Children, and Adolescents”64 to assist
the clinician in addressing pain in the
context of illness. The management of
pain, especially during the first 24
hours of an episode of AOM, should be
addressed regardless of the use of
antibiotics.


Various treatments of otalgia have
been used, but none has been well
studied. The clinician should select
a treatment on the basis of a consid-
eration of benefits and risks and,
wherever possible, incorporate
parent/caregiver and patient prefer-
ence (Table 3).


Key Action Statement Profile: KAS 2
Aggregate evidence quality Grade B


Benefits Relieves the major symptom of AOM.
Risks, harms, cost Potential medication adverse effects. Variable efficacy of some


modes of treatment.
Benefits-harms assessment Preponderance of benefit.
Value judgments Treating pain is essential whether or not antibiotics are


prescribed.
Intentional vagueness Choice of analgesic is not specified.
Role of patient preferences Parents may assist in the decision as to what means of pain


relief they prefer.
Exclusions Topical analgesics in the presence of a perforated TM.
Strength Strong Recommendation


TABLE 3 Treatments for Otalgia in AOM


Treatment Modality Comments


Acetaminophen, ibuprofen63 Effective analgesia for mild to moderate pain.
Readily available. Mainstay of pain management
for AOM.


Home remedies (no controlled studies
that directly address effectiveness)


May have limited effectiveness.


Distraction
External application of heat or cold
Oil drops in external auditory canal


Topical agents
Benzocaine, procaine, lidocaine65,67,70 Additional, but brief, benefit over acetaminophen


in patients older than 5 y.
Naturopathic agents68 Comparable to amethocaine/phenazone drops in


patients older than 6 y.
Homeopathic agents71,72 No controlled studies that directly address pain.
Narcotic analgesia with codeine


or analogs
Effective for moderate or severe pain. Requires


prescription; risk of respiratory depression, altered
mental status, gastrointestinal tract upset, and
constipation.


Tympanostomy/myringotomy73 Requires skill and entails potential risk.
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Since the 2004 guideline was pub-
lished, there have been only 2 signifi-
cant new articles.


Bolt et al reported in 2008 on a double-
blind placebo-controlled trial at the
Australia Children’s Hospital emer-
gency department conducted in
2003–2004.65 They used a convenience
sample of children 3 to 17 years of
age diagnosed with AOM in the ED.
They excluded children with perfora-
tion of the TM, pressure-equalizing
tube, allergy to local anesthetic or
paracetamol, epilepsy, or liver, renal,
or cardiac disease. Sixty-three eligible
children were randomized to receive
aqueous lidocaine or normal saline
ear drops up to 3 times in 24 hours.
They demonstrated a statistically sig-
nificant 50% reduction in reported
pain at 10 and 30 minutes but not at
20 minutes after application of topical
lidocaine, compared with normal sa-
line. Complications were minimal: 3
children reported some dizziness the
next day, and none reported tinnitus.
A limitation was that some children
had received oral acetaminophen be-
fore administration of ear drops.


A Cochrane review of topical analgesia
for AOM66 searched the Cochrane
register of controlled trials, random-
ized controlled trials, or quasi-
randomized controlled trials that
compared otic preparations to pla-
cebo or that compared 2 otic prepa-
rations. It included studies of adults
and children, without TM perforation.


It identified 5 trials in children 3 to
18 years of age. Two (including Bolt
et al,65 discussed above) compared
anesthetic drops and placebo at di-
agnosis of AOM. In both studies, some
children also received oral analgesics.
Three studies compared anesthetic
ear drops with naturopathic herbal
drops. Naturopathic drops were fa-
vored 15 to 30 minutes after
installation, and 1 to 3 days after
diagnosis, but the difference was not
statistically significant. The Cochrane
group concluded that there is limited
evidence that ear drops are effective
at 30 minutes and unclear if results
from these studies are a result of the
natural course of illness, placebo ef-
fect of receiving treatment, soothing
effect of any liquid in the ear, or the
drops themselves. Three of the stud-
ies included in this review were cited
in the 2004 AAP guideline67–69 and the
1 new paper by Bolt et al.65


Key Action Statement 3A


Severe AOM


The clinician should prescribe an-
tibiotic therapy for AOM (bilateral
or unilateral) in children 6 months
and older with severe signs or
symptoms (ie, moderate or severe
otalgia or otalgia for at least 48
hours, or temperature 39°C
[102.2°F] or higher). (Evidence
Quality: Grade B, Rec. Strength:
Strong Recommendation)


Key Action Statement 3B


Nonsevere Bilateral AOM in Young
Children


The clinician should prescribe an-
tibiotic therapy for bilateral AOM in
children younger than 24 months
without severe signs or symptoms
(ie, mild otalgia for less than 48
hours, temperature less than 39°C
[102.2°F]). (Evidence Quality: Grade
B, Rec. Strength: Recommendation)


Key Action Statement 3C


Nonsevere Unilateral AOM in Young
Children


The clinician should either prescribe
antibiotic therapy or offer obser-
vation with close follow-up based
on joint decision-making with the
parent(s)/caregiver for unilateral
AOM in children 6 months to 23
months of age without severe
signs or symptoms (ie, mild otalgia
for less than 48 hours, tempera-
ture less than 39°C [102.2°F]).
When observation is used, a mech-
anism must be in place to ensure


Key Action Statement Profile: KAS 3A
Aggregate evidence quality Grade B


Benefits Increased likelihood of more rapid resolution of symptoms.
Increased likelihood of resolution of AOM.


Risks, harms, cost Adverse events attributable to antibiotics, such as diarrhea,
diaper dermatitis, and allergic reactions. Overuse of
antibiotics leads to increased bacterial resistance. Cost of
antibiotics.


Benefits-harms assessment Preponderance of benefit over harm.
Value judgments None
Role of patient preference None
Intentional vagueness None
Exclusions None
Strength Strong Recommendation


Key Action Statement Profile: KAS
3B
Aggregate evidence
quality


Grade B


Benefits Increased likelihood of more
rapid resolution of symptoms.
Increased likelihood of
resolution of AOM.


Risks, harms,
cost


Adverse events attributable to
antibiotics, such as diarrhea,
diaper dermatitis, and
allergic reactions. Overuse
of antibiotics leads to
increased bacterial resistance.
Cost of antibiotics.


Benefits-harms
assessment


Preponderance of benefit over
harm.


Value judgments None
Role of patient
preference


None


Intentional
vagueness


None


Exclusions None
Strength Recommendation
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follow-up and begin antibiotic ther-
apy if the child worsens or fails to
improve within 48 to 72 hours of


onset of symptoms. (Evidence Qual-
ity: Grade B, Rec. Strength: Recom-
mendation)


Key Action Statement 3D


Nonsevere AOM in Older Children


The clinician should either pre-
scribe antibiotic therapy or offer
observation with close follow-up
based on joint decision-making with
the parent(s)/caregiver for AOM
(bilateral or unilateral) in children
24 months or older without severe
signs or symptoms (ie, mild otalgia


for less than 48 hours, tempera-
ture less than 39°C [102.2°F]).
When observation is used, a mecha-
nism must be in place to ensure
follow-up and begin antibiotic ther-
apy if the child worsens or fails
to improve within 48 to 72 hours
of onset of symptoms. (Evidence
Quality: Grade B, Rec Strength:
Recommendation)


Purpose of This Section


The purpose of this section is to offer
guidance on the initial management of
AOM by helping clinicians choose be-
tween the following 2 strategies:


1. Initial antibiotic therapy, defined as
treatment of AOM with antibiotics
that are prescribed at the time of
diagnosis with the intent of start-
ing antibiotic therapy as soon as
possible after the encounter.


2. Initial observation, defined as ini-
tial management of AOM limited
to symptomatic relief, with com-
mencement of antibiotic therapy
only if the child’s condition wors-
ens at any time or does not show
clinical improvement within 48 to
72 hours of diagnosis. A mecha-
nism must be in place to ensure
follow-up and initiation of antibiot-
ics if the child fails observation.


This section assumes that the clinician
has made an accurate diagnosis of
AOM by using the criteria and strate-
gies outlined earlier in this guideline.
Another assumption is that a clear
distinction is made between the role of
analgesics and antibiotics in providing
symptomatic relief for children with
AOM.


Changes From Previous AOM
Guideline


The AOM guideline published by the
AAP and AAFP in 2004 proposed, for the
first time in North America, an “ob-
servation option” for selected children
with AOM, building on successful
implementation of a similar policy in
the state of New York74 and the use of
a similar paradigm in many countries
in Europe. A common feature of both
approaches was to prioritize initial
antibiotic therapy according to di-
agnostic certainty, with greater
reliance on observation when the di-
agnosis was uncertain. In response to
criticism that allowing an “uncertain


Key Action Statement Profile: KAS 3C
Aggregate evidence quality Grade B


Benefits Moderately increased likelihood of more rapid resolution of symptoms
with initial antibiotics. Moderately increased likelihood of resolution
of AOM with initial antibiotics.


Risks, harms, cost Adverse events attributable to antibiotics, such as diarrhea, diaper
dermatitis, and allergic reactions. Overuse of antibiotics leads to
increased bacterial resistance. Cost of antibiotics.


Benefits-harms assessment Moderate degree of benefit over harm.
Value judgments Observation becomes an alternative as the benefits and harms


approach balance.
Role of patient preference Joint decision-making with the family is essential before choosing


observation.
Intentional vagueness Joint decision-making is highly variable from family to family
Exclusions None
Strength Recommendation
Note In the judgment of 1 Subcommittee member (AH), antimicrobial


treatment of these children is preferred because of a preponderance
of benefit over harm. AH did not endorse Key Action Statement 3C


Key Action Statement Profile: KAS 3D
Aggregate evidence quality Grade B


Benefits Initial antibiotic treatment: Slightly increased likelihood of more
rapid resolution of symptoms; slightly increased likelihood of
resolution of AOM. Initial observation: Decreased use of antibiotics;
decreased adverse effects of antibiotics; decreased potential for
development of bacterial resistance.


Risks, harms, cost Initial antibiotic treatment: Adverse events attributable to antibiotics
such as diarrhea, rashes, and allergic reactions. Overuse of
antibiotics leads to increased bacterial resistance. Initial
observation: Possibility of needing to start antibiotics in 48 to 72 h
if the patient continues to have symptoms. Minimal risk of adverse
consequences of delayed antibiotic treatment. Potential increased
phone calls and doctor visits.


Benefits-harms assessment Slight degree of benefit of initial antibiotics over harm.
Value judgments Observation is an option as the benefits and harms approach balance.
Role of patient preference Joint decision-making with the family is essential before choosing


observation.
Intentional vagueness Joint decision-making is highly variable from family to family.
Exclusions None
Strength Recommendation.
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diagnosis” might condone incomplete
visualization of the TM or allow in-
appropriate antibiotic use, this cate-
gory has been eliminated with greater
emphasis now placed on maximizing
diagnostic accuracy for AOM.


Since the earlier AOM guideline was
published, there has been substantial
new research on initial management
of AOM, including randomized con-
trolled trials of antibiotic therapy
versus placebo or no therapy,31,32,75


immediate versus delayed antibiotic
therapy,30,76,77 or delayed antibiotic
with or without a concurrent pre-
scription.78 The Hoberman and Tähtinen
articles are especially important as
they used stringent criteria for di-
agnosing AOM.31,32 Systematic reviews
have been published on delayed anti-
biotic therapy,79 the natural history of
AOM in untreated children,57 pre-
dictive factors for antibiotic benefits,62


and the effect of antibiotics on
asymptomatic MEE after therapy.80


Observational studies provide addi-
tional data on outcomes of initial ob-
servation with delayed antibiotic
therapy, if needed,81 and on the re-
lationship of previous antibiotic ther-
apy for AOM to subsequent acute
mastoiditis.82,83


In contrast to the earlier AOM guide-
line,1 which recommended antibiotic
therapy for all children 6 months to 2
years of age with a certain diagnosis,


the current guideline indicates
a choice between initial antibiotic
therapy or initial observation in this
age group for children with unilat-
eral AOM and mild symptoms but
only after joint decision-making with
the parent(s)/caregiver (Table 4).
This change is supported by evidence
on the safety of observation or
delayed prescribing in young chil-
dren.30,31,32,75,76,81 A mechanism must
be in place to ensure follow-up and
begin antibiotics if the child fails
observation.


Importance of Accurate Diagnosis


The recommendations for manage-
ment of AOM assume an accurate
diagnosis on the basis of criteria
outlined in the diagnosis section of this
guideline. Many of the studies since
the 2004 AAP/AAFP AOM guideline1


used more stringent and well-defined
AOM diagnostic definitions than were
previously used. Bulging of the TM
was required for diagnosis of AOM for
most of the children enrolled in the
most recent studies.31,32 By using the
criteria in this guideline, clinicians
will more accurately distinguish AOM
from OME. The management of OME
can be found in guidelines written by
the AAP, AAFP, and American Academy
of Otolaryngology-Head and Neck
Surgery.84,85


Age, Severity of Symptoms,
Otorrhea, and Laterality


Rovers et al62 performed a systematic
search for AOM trials that (1) used
random allocation of children, (2) in-
cluded children 0 to 12 years of age
with AOM, (3) compared antibiotics
with placebo or no treatment, and (4)
had pain or fever as an outcome. The
original investigators were asked for
their original data.


Primary outcome was pain and/or
fever (>38°C) at 3 to 7 days. The ad-
verse effects of antibiotics were also
analyzed. Baseline predictors were
age <2 years versus ≥2 years, bi-
lateral AOM versus unilateral AOM,
and the presence versus absence of
otorrhea. Statistical methods were
used to assess heterogeneity and to
analyze the data.


Of the 10 eligible studies, the inves-
tigators of 6 studies30,75,86–89 provided
the original data requested, and 4 did
not. A total of 1642 patients were in-
cluded in the 6 studies from which
data were obtained. Of the cases
submitted, the average age was 3 to 4
years, with 35% of children younger
than 2 years. Bilateral AOM was
present in 34% of children, and 42% of
children had a bulging TM. Otorrhea
was present in 21% of children. The
antibiotic and control groups were
comparable for all characteristics.


The rate difference (RD) for pain, fever,
or both between antibiotic and control
groups was 13% (NNT = 8). For chil-
dren younger than 2 years, the RD was
15% (NNT = 7); for those ≥2 years, RD
was 11% (NNT = 10). For unilateral
AOM, the RD was 6% (NNT = 17); for
bilateral AOM, the RD was 20% (NNT =
5). When unilateral AOM was broken
into age groups, among those younger
than 2 years, the RD was 5% (NNT =
20), and among those ≥2 years, the
RD was 7% (NNT = 15). For bilateral
AOM in children younger than 2 years,
the RD was 25% (NNT = 4); for


TABLE 4 Recommendations for Initial Management for Uncomplicated AOMa


Age Otorrhea
With
AOMa


Unilateral or
Bilateral AOMa


With Severe
Symptomsb


Bilateral AOMa


Without Otorrhea
Unilateral AOMa


Without Otorrhea


6 mo to 2 y Antibiotic
therapy


Antibiotic
therapy


Antibiotic therapy Antibiotic therapy or
additional observation


≥2 y Antibiotic
therapy


Antibiotic
therapy


Antibiotic therapy or
additional observation


Antibiotic therapy or
additional observationc


a Applies only to children with well-documented AOM with high certainty of diagnosis (see Diagnosis section).
b A toxic-appearing child, persistent otalgia more than 48 h, temperature ≥39°C (102.2°F) in the past 48 h, or if there is
uncertain access to follow-up after the visit.
c This plan of initial management provides an opportunity for shared decision-making with the child’s family for those
categories appropriate for additional observation. If observation is offered, a mechanism must be in place to ensure
follow-up and begin antibiotics if the child worsens or fails to improve within 48 to 72 h of AOM onset.
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bilateral AOM in children ≥2 years,
the RD was 12% (NNT = 9). For
otorrhea, the RD was 36% (NNT = 3).
One child in the control group who
developed meningitis had received
antibiotics beginning on day 2 be-
cause of worsening status. There
were no cases of mastoiditis.


In a Cochrane Review, Sanders et al59


identified 10 studies that met the fol-
lowing criteria: (1) randomized con-
trolled trial, (2) compared antibiotic
versus placebo or antibiotic versus
observation, (3) age 1 month to 15
years, (4) reported severity and dura-
tion of pain, (5) reported adverse
events, and (6) reported serious com-
plications of AOM, recurrent attacks,
and hearing problems. Studies were
analyzed for risk of bias and assess-
ment of heterogeneity. The studies
were the same as analyzed by Rovers
et al62 but included the 4 studies for
which primary data were not available
to Rovers.60,61,90,91


The authors’ conclusions were that
antibiotics produced a small re-
duction in the number of children with
pain 2 to 7 days after diagnosis. They
also concluded that most cases
spontaneously remitted with no com-
plications (NNT = 16). Antibiotics were
most beneficial in children younger
than 2 years with bilateral AOM and in
children with otorrhea.


Two recent studies only included
children younger than 3 years32 or
younger than 2 years.31 Both included
only subjects in whom the diagnosis
of AOM was certain. Both studies used
improvement of symptoms and im-
provement in the appearance of the
TM in their definitions of clinical suc-
cess or failure.


Hoberman et al31 conducted a random-
ized, double-blind, placebo-controlled
study of the efficacy of antimicrobial
treatment on AOM. The criteria for
AOM were acute symptoms with
a score of at least 3 on the AOM-SOS,


a validated symptom scale33,92; MEE;
and moderate or marked bulging of
the TM or slight bulging accompanied
by either otalgia or marked erythema
of the TM. They chose to use high-
dose amoxicillin-clavulanate (90 mg/kg/
day) as active treatment, because it
has the best oral antibiotic coverage
for organisms causing AOM. Included
in the study were 291 patients 6 to 23
months of age: 144 in the antibiotic
group and 147 in the placebo group.
The primary outcome measures were
the time to resolution of symptoms
and the symptom burden over time.
The initial resolution of symptoms (ie,
the first recording of an AOM-SOS
score of 0 or 1) was recorded
among the children who received
amoxicillin-clavulanate in 35% by day
2, 61% by day 4, and 80% by day 7.
Among children who received placebo,
an AOM-SOS score of 0 or 1 was
recorded in 28% by day 2, 54% by day
4, and 74% by day 7 (P = .14 for the
overall comparison). For sustained
resolution of symptoms (ie, the time
to the second of 2 successive
recordings of an AOM-SOS score of
0 or 1), the corresponding values
were 20% at day 2, 41% at day 4, and
67% at day 7 with amoxicillin-
clavulanate, compared with 14%,
36%, and 53% with placebo (P = .04
for the overall comparison). The
symptom burden (ie, mean AOM-SOS
scores) over the first 7 days were
lower for the children treated with
amoxicillin-clavulanate than for those
who received placebo (P = .02). Clini-
cal failure at or before the 4- to 5-day
visit was defined as “either a lack of
substantial improvement in symp-
toms, a worsening of signs on oto-
scopic examination, or both,” and
clinical failure at the 10- to 12-day visit
was defined as “the failure to achieve
complete or nearly complete resolu-
tion of symptoms and of otoscopic
signs, without regard to the persis-
tence or resolution of middle ear


effusion.” Treatment failure occurred by
day 4 to 5 in 4% of the antimicrobial
treatment group versus 23% in the
placebo group (P < .001) and at day
10 to 12 in 16% of the antimicrobial
treatment group versus 51% in the
placebo group (NNT = 2.9, P < .001). In
a comparison of outcome in unilateral
versus bilateral AOM, clinical failure
rates by day 10 to 12 in children with
unilateral AOM were 9% in those
treated with amoxicillin-clavulanate
versus 41% in those treated with
placebo (RD, 32%; NNT = 3) and 23%
vs 60% (RD, 37%; NNT = 3) in those
with bilateral AOM. Most common ad-
verse events were diarrhea (25% vs
15% in the treatment versus placebo
groups, respectively; P = .05) and di-
aper dermatitis (51% vs 35% in the
treatment versus placebo groups,
respectively; P = .008). One placebo
recipient developed mastoiditis. Ac-
cording to these results, antimicrobial
treatment of AOM was more beneficial
than in previous studies that used
less stringent diagnostic criteria.


Tähtinen et al32 conducted a random-
ized, double-blind, placebo-controlled,
intention-to-treat study of amoxicillin-
clavulanate (40 mg/kg/day) versus
placebo. Three hundred nineteen
patients from 6 to 35 months of age
were studied: 161 in the antibiotic
group and 158 in the placebo group.
AOM definition was the presence of
MEE, distinct erythema over a bulging
or yellow TM, and acute symptoms
such as ear pain, fever, or respiratory
symptoms. Compliance was measured
by using daily patient diaries and
number of capsules remaining at the
end of the study. Primary outcome
was time to treatment failure de-
fined as a composite of 6 indepen-
dent components: no improvement in
overall condition by day 3, worsening
of the child’s condition at any time, no
improvement in otoscopic signs by
day 8, perforation of the TM,
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development of severe infection (eg,
pneumonia, mastoiditis), and any other
reason for stopping the study drug/
placebo.


Groups were comparable on multiple
parameters. In the treatment group,
135 of 161 patients (84%) were youn-
ger than 24 months, and in the placebo
group, 124 of 158 patients (78%) were
younger than 24 months. Treatment
failure occurred in 18.6% of the
treatment group and 44.9% in the
placebo group (NNT = 3.8, P < .001).
Rescue treatment was needed in 6.8%
of the treatment group and 33.5% of
placebo patients (P < .001). Contra-
lateral AOM developed in 8.2% and
18.6% of treatment and placebo
groups, respectively (P = .007). There
was no significant difference in use of
analgesic or antipyretic medicine,
which was used in 84.2% of the
amoxicillin-clavulanate group and
85.9% of the placebo group.


Parents of child care attendees on
placebo missed more days of work
(P = .005). Clinical failure rates
in children with unilateral AOM
were 17.2% in those treated with
amoxicillin-clavulanate versus 42.7%
in those treated with placebo; for bi-
lateral AOM, clinical failure rates
were 21.7% for those treated with
amoxicillin-clavulanate versus 46.3%
in the placebo group. Reported rates
of treatment failure by day 8 were
17.2% in the amoxicillin-clavulanate
group versus 42.7% in the placebo
group in children with unilateral AOM
and 21.7% vs 46.3% among those with
bilateral disease.


Adverse events, primarily diarrhea
and/or rash, occurred in 52.8% of the
treatment group and 36.1% of the
placebo group (P = .003). Overall
condition as evaluated by the parents
and otoscopic appearance of the TM
showed a benefit of antibiotics over
placebo at the end of treatment visit
(P < .001). Two placebo recipients


developed a severe infection; 1 de-
veloped pneumococcal bacteremia, and
1 developed radiographically confirmed
pneumonia.


Most studies have excluded children
with severe illness and all exclude
those with bacterial disease other
than AOM (pneumonia, mastoiditis,
meningitis, streptococcal pharyngitis).
Kaleida et al91 compared myringotomy
alone with myringotomy plus anti-
biotics. Severe AOM was defined as
temperature >39°C (102.2°F) or the
presence of severe otalgia. Patients
with severe AOM in the group that
received only myringotomy (without
initial antibiotics) had much worse
outcomes.


Initial Antibiotic Therapy


The rationale for antibiotic therapy in
children with AOM is based on a high
prevalence of bacteria in the accom-
panying MEE.93 Bacterial and viral
cultures of middle ear fluid collected
by tympanocentesis from children
with AOM showed 55% with bacteria
only and 15% with bacteria and viru-
ses. A beneficial effect of antibiotics
on AOM was first demonstrated in
1968,94 followed by additional ran-
domized trials and a meta-analysis95


showing a 14% increase in absolute
rates of clinical improvement. Sys-
tematic reviews of the literature pub-
lished before 201121,59,62 revealed
increases of clinical improvement
with initial antibiotics of 6% to 12%.


Randomized clinical trials using
stringent diagnostic criteria for AOM in
young children31,32 show differences in
clinical improvement of 26% to 35%
favoring initial antibiotic treatment as
compared with placebo. Greater ben-
efit of immediate antibiotic therapy
was observed for bilateral AOM62,96 or
AOM associated with otorrhea.62 In
most randomized trials,30,75,77,88,89 an-
tibiotic therapy also decreased the
duration of pain, analgesic use, or


school absence and parent days
missed from work.


Children younger than 2 years with
AOM may take longer to improve
clinically than older children,57 and
although they are more likely to ben-
efit from antibiotics,31,32 AOM in many
children will resolve without anti-
biotics.62 A clinically significant benefit
of immediate antibiotic therapy is
observed for bilateral AOM,62,96 Strep-
tococcus pneumoniae infection, or
AOM associated with otorrhea.62


Initial Observation for AOM


In systematic reviews of studies that
compare antibiotic therapy for AOM
with placebo, a consistent finding has
been the overall favorable natural
history in control groups (NNT = 8–
16).12,59,62,95 However, randomized tri-
als in these reviews had varying
diagnostic criteria that would have
permitted inclusion of some children
with OME, viral upper respiratory
infections, or myringitis, thereby
limiting the ability to apply these
findings to children with a highly
certain AOM diagnosis. In more re-
cent AOM studies31,32 using stringent
diagnostic criteria, approximately
half of young children (younger than
2–3 years) experienced clinical suc-
cess when given placebo, but the
effect of antibiotic therapy was sub-
stantially greater than suggested by
studies without precise diagnosis
(NNT = 3–4).


Observation as initial management for
AOM in properly selected children
does not increase suppurative com-
plications, provided that follow-up is
ensured and a rescue antibiotic is
given for persistent or worsening
symptoms.17 In contrast, withholding
of antibiotics in all children with
AOM, regardless of clinical course,
would risk a return to the suppu-
rative complications observed in the
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preantibiotic era. At the population
level, antibiotics halve the risk of
mastoiditis after AOM, but the high
NNT of approximately 4800 patients to
prevent 1 case of mastoiditis pre-
cludes a strategy of universal antibiotic
therapy as a means to prevent mas-
toiditis.83


The favorable natural history of AOM
makes it difficult to demonstrate sig-
nificant differences in efficacy between
antibiotic and placebo when a suc-
cessful outcome is defined by relief or
improvement of presenting signs and
symptoms. In contrast, when otoscopic
improvement (resolution of TM bulg-
ing, intense erythema, or both) is also
required for a positive outcome,31,32


the NNT is 3 to 4, compared with 8 to
16 for symptom improvement alone in
older studies that used less precise
diagnostic criteria. MEE, however, may
persist for weeks or months after an
AOM episode and is not a criterion for
otoscopic failure.


National guidelines for initial obser-
vation of AOM in select children were
first implemented in the Netherlands97


and subsequently in Sweden,98 Scot-
land,99 the United States,1 the United
Kingdom,100 and Italy.101 All included
observation as an initial treatment
option under specified circumstances.


In numerous studies, only approximately
one-third of children initially observed
received a rescue antibiotic for persis-
tent or worsening AOM,30,32,76,81,89,102


suggesting that antibiotic use could
potentially be reduced by 65% in eligible
children. Given the high incidence of
AOM, this reduction could help sub-
stantially in curtailing antibiotic-related
adverse events.


McCormick et al30 reported on 233
patients randomly assigned to receive
immediate antibiotics (amoxicillin, 90
mg/kg/day) or to undergo watchful
waiting. Criteria for inclusion were
symptoms of ear infection, otoscopic
evidence of AOM, and nonsevere AOM


based on a 3-item symptom score
(OM-3) and TM appearance based on
an 8-item scale (OS-8). Primary out-
comes were parent satisfaction with
AOM care, resolution of AOM symptoms
after initial treatment, AOM failure and
recurrence, and nasopharyngeal car-
riage of S pneumoniae strains resistant
to antibiotics after treatment. The study
was confounded by including patients
who had received antibiotics in the
previous 30 days.


In the watchful waiting group, 66% of
children completed the study without
antibiotics. There was no difference in
parent satisfaction scores at day 12.
A 5-item symptom score (ETG-5) was
assessed at days 0 to 10 by using
patient diaries. Subjects receiving
immediate antibiotics resolved their
symptoms faster than did subjects
who underwent watchful waiting (P =
.004). For children younger than 2
years, the difference was greater (P =
.008). Otoscopic and tympanogram
scores were also lower in the antibi-
otic group as opposed to the watchful
waiting group (P = .02 for otoscopic
score, P = .004 for tympanogram).
Combining all ages, failure and re-
currence rates were lower for the
antibiotic group (5%) than for the
watchful waiting group (21%) at 12
days. By day 30, there was no differ-
ence in failure or recurrence for the
antibiotic and watchful waiting groups
(23% and 24%, respectively). The as-
sociation between clinical outcome
and intervention group was not signifi-
cantly different between age groups.
Immediate antibiotics resulted in erad-
ication of S pneumoniae carriage in the
majority of children, but S pneumoniae
strains cultured from children in the
antibiotic group at day 12 were more
likely to be multidrug resistant than
were strains cultured from children in
the watchful waiting group.


The decision not to give initial antibi-
otic treatment and observe should be


a joint decision of the clinician and the
parents. In such cases, a system for
close follow-up and a means of be-
ginning antibiotics must be in place if
symptoms worsen or no improvement
is seen in 48 to 72 hours.


Initial observation of AOM should be
part of a larger management strategy
that includes analgesics, parent in-
formation, and provisions for a rescue
antibiotic. Education of parents should
include an explanation about the self-
limited nature of most episodes of
AOM, especially in children 2 years and
older; the importance of pain man-
agement early in the course; and the
potential adverse effects of antibiotics.
Such an approach can substantially
reduce prescription fill rates for res-
cue antibiotics.103


A critical component of any strategy
involving initial observation for AOM is
the ability to provide a rescue antibi-
otic if needed. This is often done by
using a “safety net” or a “wait-and-see
prescription,”76,102 in which the
parent/caregiver is given an antibiotic
prescription during the clinical en-
counter but is instructed to fill the
prescription only if the child fails to
improve within 2 to 3 days or if
symptoms worsen at any time. An al-
ternative approach is not to provide
a written prescription but to instruct
the parent/caregiver to call or return
if the child fails to improve within 2 to
3 days or if symptoms worsen.


In one of the first major studies of ob-
servation with a safety-net antibiotic
prescription (SNAP), Siegel et al102 en-
rolled 194 patients with protocol de-
fined AOM, of whom 175 completed the
study. Eligible patients were given
a SNAP with instructions to fill the
prescription only if symptoms wors-
ened or did not improve in 48 hours.
The SNAP was valid for 5 days. Pain
medicine was recommended to be
taken as needed. A phone interview was
conducted 5 to 10 days after diagnosis.
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One hundred twenty of 175 families did
not fill the prescription. Reasons for
filling the prescription (more than 1
reason per patient was acceptable)
were as follows: continued pain, 23%;
continued fever, 11%; sleep disruption,
6%; missed days of work, 3%; missed
days of child care, 3%; and no reason
given, 5%. One 16-month-old boy com-
pleted observation successfully but 6
weeks later developed AOM in the op-
posite ear, was treated with antibiotics,
and developed postauricular cellulitis.


In a similar study of a “wait-and-see
prescription” (WASP) in the emer-
gency department, Spiro et al76 ran-
domly assigned 283 patients to either
a WASP or standard prescription.
Clinicians were educated on the 2004
AAP diagnostic criteria and initial
treatment options for AOM; however,
diagnosis was made at the discretion
of the clinician. Patients were ex-
cluded if they did not qualify for ob-
servation per the 2004 guidelines. The
primary outcome was whether the
prescription was filled within 3 days
of diagnosis. Prescriptions were not
filled for 62% and 13% of the WASP
and standard prescription patients,
respectively (P < .001). Reasons for
filling the prescription in the WASP
group were fever (60%), ear pain
(34%), or fussy behavior (6%). No se-
rious adverse events were reported.


Strategies to observe children with AOM
who are likely to improve on their own
without initial antibiotic therapy
reduces common adverse effects of
antibiotics, such as diarrhea and di-
aper dermatitis. In 2 trials, antibiotic
therapy significantly increased the ab-
solute rates of diarrhea by 10% to 20%
and of diaper rash or dermatitis by 6%
to 16%.31,32 Reduced antibiotic use may
also reduce the prevalence of resis-
tant bacterial pathogens. Multidrug-
resistant S pneumoniae continues to
be a significant concern for AOM,
despite universal immunization of


children in the United States with
heptavalent pneumococcal conjugate
vaccine.104,105 In contrast, countries
with low antibiotic use for AOM have
a low prevalence of resistant naso-
pharyngeal pathogens in children.106


Key Action Statement 4A


Clinicians should prescribe amoxi-
cillin for AOM when a decision


to treat with antibiotics has been
made and the child has not re-


ceived amoxicillin in the past 30


days or the child does not have


concurrent purulent conjunctivitis


or the child is not allergic to


penicillin. (Evidence Quality:


Grade B, Rec. Strength: Recom-


mendation)


Key Action Statement 4B


Clinicians should prescribe an an-
tibiotic with additional β-lactamase
coverage for AOM when a decision
to treat with antibiotics has been
made and the child has received


amoxicillin in the past 30 days or
has concurrent purulent conjunc-
tivitis or has a history of recurrent
AOM unresponsive to amoxicillin.
(Evidence Quality: Grade C, Rec.
Strength: Recommendation)


Key Action Statement 4C


Clinicians should reassess the pa-
tient if the caregiver reports that
the child’s symptoms have wors-
ened or failed to respond to the


initial antibiotic treatment within
48 to 72 hours and determine
whether a change in therapy is
needed. (Evidence Quality: Grade B,
Rec. Strength: Recommendation)


Key Action Statement Profile: KAS 4A
Aggregate evidence quality Grade B


Benefits Effective antibiotic for most children with AOM. Inexpensive, safe,
acceptable taste, narrow antimicrobial spectrum.


Risks, harms, cost Ineffective against β-lactamase–producing organisms. Adverse
effects of amoxicillin.


Benefits-harms assessment Preponderance of benefit.
Value judgments Better to use a drug that has reasonable cost, has an acceptable


taste, and has a narrow antibacterial spectrum.
Intentional vagueness The clinician must determine whether the patient is truly


penicillin allergic.
Role of patient preferences Should be considered if previous bad experience with


amoxicillin.
Exclusions Patients with known penicillin allergy.
Strength Recommendation.


Key Action Statement Profile: KAS 4B
Aggregate evidence quality Grade C


Benefits Successful treatment of β-lactamase–producing organisms.
Risks, harms, cost Cost of antibiotic. Increased adverse effects.
Benefits-harms assessment Preponderance of benefit.
Value judgments Efficacy is more important than taste.
Intentional vagueness None.
Role of patient preferences Concern regarding side effects and taste.
Exclusions Patients with known penicillin allergy.
Strength Recommendation
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Purpose of This Section


If an antibiotic will be used for treatment
of a child with AOM, whether as initial
management or after a period of ob-
servation, the clinician must choose an
antibiotic that will have a high likelihood
of being effective against the most likely
etiologic bacterial pathogens with con-
siderations of cost, taste, convenience,
and adverse effects. This section pro-
poses first- and second-line antibiotics
that best meet these criteria while
balancing potential benefits and harms.


Changes From AAP/AAFP 2004 AOM
Guideline


Despite new data on the effect of PCV7
and updated data on the in vitro
susceptibility of bacterial pathogens
most likely to cause AOM, the recom-
mendations for the first-line antibiotic
remains unchanged from 2004. The
current guideline contains revised
recommendations regarding penicillin
allergy based on new data. The in-
crease of multidrug-resistant strains
of pneumococci is noted.


Microbiology


Microorganisms detected in the mid-
dle ear during AOM include pathogenic
bacteria, as well as respiratory viru-
ses.107–110 AOM occurs most frequently
as a consequence of viral upper re-
spiratory tract infection,111–113 which
leads to eustachian tube inflammation/


dysfunction, negative middle ear pres-
sure, and movement of secretions
containing the upper respiratory tract
infection causative virus and patho-
genic bacteria in the nasopharynx into
the middle ear cleft. By using com-
prehensive and sensitive microbiologic
testing, bacteria and/or viruses can be
detected in the middle ear fluid in up
to 96% of AOM cases (eg, 66% bacteria
and viruses together, 27% bacteria
alone, and 4% virus alone).114 Studies
using less sensitive or less compre-
hensive microbiologic assays have
yielded less positive results for bacte-
ria and much less positive results for
viruses.115–117 The 3 most common
bacterial pathogens in AOM are S
pneumoniae, nontypeable Haemophilus
influenzae, and Moraxella catarrhalis.111


Streptococcus pyogenes (group A
β-hemolytic streptococci) accounts
for less than 5% of AOM cases. The
proportion of AOM cases with patho-
genic bacteria isolated from the
middle ear fluids varies depending
on bacteriologic techniques, trans-
port issues, and stringency of AOM
definition. In series of reports from
the United States and Europe from
1952–1981 and 1985–1992, the mean
percentage of cases with bacterial
pathogens isolated from the middle
ear fluids was 69% and 72%, respec-
tively.118 A large series from the Uni-
versity of Pittsburgh Otitis Media
Study Group reported bacterial path-
ogens in 84% of the middle ear fluids


from 2807 cases of AOM.118 Studies that
applied more stringent otoscopic cri-
teria and/or use of bedside specimen
plating on solid agar in addition to
liquid transport media have a reported
rate of recovery of pathogenic bacteria
from middle ear exudates ranging
from 85% to 90%.119–121 When using
appropriate stringent diagnostic crite-
ria, careful specimen handling, and
sensitive microbiologic techniques, the
vast majority of cases of AOM will in-
volve pathogenic bacteria either alone
or in concert with viral pathogens.


Among AOM bacterial pathogens,
S pneumoniae was the most frequently
cultured in earlier reports. Since the
debut and routine use of PCV7 in 2000,
the ordinal frequency of these 3 major
middle ear pathogens has evolved.105


In the first few years after PCV7 in-
troduction, H influenzae became the
most frequently isolated middle ear
pathogen, replacing S pneumoniae.122,123


Shortly thereafter, a shift to non-PCV7
serotypes of S pneumoniae was de-
scribed.124 Pichichero et al104 later
reported that 44% of 212 AOM cases
seen in 2003–2006 were caused by H
influenzae, and 28% were caused by S
pneumoniae, with a high proportion of
highly resistant S pneumoniae. In that
study, a majority (77%) of cases in-
volved recurrent disease or initial
treatment failure. A later report125 with
data from 2007 to 2009, 6 to 8 years
after the introduction of PCV7 in the
United States, showed that PCV7 strains
of S pneumoniae virtually disappeared
from the middle ear fluid of children
with AOM who had been vaccinated.
However, the frequency of isolation of
non-PCV7 serotypes of S pneumoniae
from the middle ear fluid overall was
increased; this has made isolation of S
pneumoniae and H influenzae of chil-
dren with AOM nearly equal.


In a study of tympanocentesis over 4
respiratory tract illness seasons in
a private practice, the percentage of


Key Action Statement Profile: KAS 4C
Aggregate evidence quality Grade B


Benefits Identify children who may have AOM caused by pathogens
resistant to previous antibiotics.


Risks, harms, cost Cost. Time for patient and clinician to make change. Potential
need for parenteral medication.


Benefit-harm assessment Preponderance of benefit.
Value judgments None.
Intentional vagueness “Reassess” is not defined. The clinician may determine the


method of assessment.
Role of patient preferences Limited.
Exclusions Appearance of TM improved.
Strength Recommendation
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S pneumoniae initially decreased rel-
ative to H influenzae. In 2005–2006
(N = 33), 48% of bacteria were S
pneumoniae, and 42% were H influ-
enzae. For 2006–2007 (N = 37), the
percentages were equal at 41%. In
2007–2008 (N = 34), 35% were S pneu-
moniae, and 59% were H influenzae. In
2008–2009 (N = 24), the percentages
were 54% and 38%, respectively, with
an increase in intermediate and non-
susceptible S pneumoniae.126 Data on
nasopharyngeal colonization from
PCV7-immunized children with AOM
have shown continued presence of S
pneumoniae colonization. Revai et al127


showed no difference in S pneumoniae
colonization rate among children with
AOM who have been unimmunized,
underimmunized, or fully immunized
with PCV7. In a study during a viral
upper respiratory tract infection, in-
cluding mostly PCV7-immunized chil-
dren (6 months to 3 years of age), S
pneumoniae was detected in 45.5% of
968 nasopharyngeal swabs, H influen-
zae was detected in 32.4%, and M
catarrhalis was detected in 63.1%.128


Data show that nasopharyngeal colo-
nization of children vaccinated with
PCV7 increasingly is caused by S
pneumoniae serotypes not contained
in the vaccine.129–132 With the use of the
recently licensed 13-valent pneumo-
coccal conjugate vaccine (PCV13),133


the patterns of nasopharyngeal colo-
nization and infection with these com-
mon AOM bacterial pathogens will
continue to evolve.


Investigators have attempted to pre-
dict the type of AOM pathogenic bac-
teria on the basis of clinical severity,
but results have not been promising.
S pyogenes has been shown to occur
more commonly in older children134


and to cause a greater degree of in-
flammation of the middle ear and TM,
a greater frequency of spontaneous
rupture of the TM, and more frequent
progression to acute mastoiditis


compared with other bacterial
pathogens.134–136 As for clinical find-
ings in cases with S pneumoniae and
nontypeable H influenzae, some stud-
ies suggest that signs and symptoms
of AOM caused by S pneumoniae may
be more severe (fever, severe ear-
ache, bulging TM) than those caused
by other pathogens.44,121,137 These
findings were refuted by results of the
studies that found AOM caused by
nontypeable H influenzae to be asso-
ciated with bilateral AOM and more
severe inflammation of the TM.96,138


Leibovitz et al139 concluded, in a study
of 372 children with AOM caused by
H influenzae (N = 138), S pneumoniae
(N = 64), and mixed H influenzae and
S pneumoniae (N = 64), that clinical/
otologic scores could not discriminate
among various bacterial etiologies of
AOM. However, there were significantly
different clinical/otologic scores be-
tween bacterial culture negative and
culture positive cases. A study of
middle ear exudates of 82 cases of
bullous myringitis has shown a 97%
bacteria positive rate, primarily S
pneumoniae. In contrast to the pre-
vious belief, mycoplasma is rarely the
causative agent in this condition.140


Accurate prediction of the bacterial
cause of AOM on the basis of clinical
presentation, without bacterial cul-
ture of the middle ear exudates, is not
possible, but specific etiologies may
be predicted in some situations. Pub-
lished evidence has suggested that
AOM associated with conjunctivitis
(otitis-conjunctivitis syndrome) is more
likely caused by nontypeable H influ-
enzae than by other bacteria.141–143


Bacterial Susceptibility to
Antibiotics


Selection of antibiotic to treat AOM is
based on the suspected type of bac-
teria and antibiotic susceptibility pat-
tern, although clinical pharmacology


and clinical and microbiologic results
and predicted compliance with the
drug are also taken into account. Early
studies of AOM patients show that 19%
of children with S pneumoniae and
48% with H influenzae cultured on
initial tympanocentesis who were not
treated with antibiotic cleared the
bacteria at the time of a second tym-
panocentesis 2 to 7 days later.144 Ap-
proximately 75% of children infected
with M catarrhalis experienced bac-
teriologic cure even after treatment
with amoxicillin, an antibiotic to which
it is not susceptible.145,146


Antibiotic susceptibility of major AOM
bacterial pathogens continues to
change, but data on middle ear
pathogens have become scanty be-
cause tympanocentesis is not gener-
ally performed in studies of children
with uncomplicated AOM. Most avail-
able data come from cases of per-
sistent or recurrent AOM. Current US
data from a number of centers indi-
cates that approximately 83% and 87%
of isolates of S pneumoniae from all
age groups are susceptible to regular
(40 mg/kg/day) and high-dose amoxi-
cillin (80–90 mg/kg/day divided twice
daily), respectively.130,147–150 Pediatric
isolates are smaller in number and
include mostly ear isolates collec-
ted from recurrent and persistent
AOM cases with a high percentage of
multidrug-resistant S pneumoniae,
most frequently nonvaccine serotypes
that have recently increased in fre-
quency and importance.104


High-dose amoxicillin will yield middle
ear fluid levels that exceed the mini-
mum inhibitory concentration (MIC) of
all S pneumoniae serotypes that are
intermediately resistant to penicillin
(penicillin MICs, 0.12–1.0 μg/mL), and
many but not all highly resistant
serotypes (penicillin MICs, ≥2 μg/mL)
for a longer period of the dosing in-
terval and has been shown to improve
bacteriologic and clinical efficacy


e982 FROM THE AMERICAN ACADEMY OF PEDIATRICS
 at Univ of Florida Health Science Center on April 8, 2013pediatrics.aappublications.orgDownloaded from 



http://pediatrics.aappublications.org/





compared with the regular dose.151–153


Hoberman et al154 reported superior


efficacy of high-dose amoxicillin-


clavulanate in eradication of S pneu-


moniae (96%) from the middle ear at


days 4 to 6 of therapy compared with


azithromycin.


The antibiotic susceptibility pattern for


S pneumoniae is expected to continue


to evolve with the use of PCV13,


a conjugate vaccine containing 13
serotypes of S pneumoniae.133,155,156


Widespread use of PCV13 could po-
tentially reduce diseases caused by
multidrug-resistant pneumococcal
serotypes and diminish the need for
the use of higher dose of amoxicillin
or amoxicillin-clavulanate for AOM.


Some H influenzae isolates produce
β-lactamase enzyme, causing the iso-
late to become resistant to penicillins.
Current data from different studies
with non-AOM sources and geographic
locations that may not be comparable
show that 58% to 82% of H influenzae
isolates are susceptible to regular-
and high-dose amoxicillin.130,147,148,157,158


These data represented a significant
decrease in β-lactamase–producing H


influenzae, compared with data repor-
ted in the 2004 AOM guideline.


Nationwide data suggest that 100% of M
catarrhalis derived from the upper re-
spiratory tract are β-lactamase–positive
but remain susceptible to amoxicillin-
clavulanate.159 However, the high rate of
spontaneous clinical resolution occur-
ring in children with AOM attributable
to M catarrhalis treated with amoxicil-
lin reduces the concern for the first-line
coverage for this microorganism.145,146


AOM attributable to M catarrhalis rarely
progresses to acute mastoiditis or in-
tracranial infections.102,160,161


Antibiotic Therapy


High-dose amoxicillin is recommended
as the first-line treatment in most
patients, although there are a number
of medications that are clinically ef-
fective (Table 5). The justification for
the use of amoxicillin relates to its
effectiveness against common AOM
bacterial pathogens as well as its
safety, low cost, acceptable taste, and
narrow microbiologic spectrum.145,151


In children who have taken amoxicillin
in the previous 30 days, those with
concurrent conjunctivitis, or those


for whom coverage for β-lactamase–
positive H influenzae and M catarrhalis
is desired, therapy should be initiated
with high-dose amoxicillin-clavulanate
(90 mg/kg/day of amoxicillin, with 6.4
mg/kg/day of clavulanate, a ratio of
amoxicillin to clavulanate of 14:1, given
in 2 divided doses, which is less likely to
cause diarrhea than other amoxicillin-
clavulanate preparations).162


Alternative initial antibiotics include
cefdinir (14 mg/kg per day in 1 or 2
doses), cefuroxime (30 mg/kg per day
in 2 divided doses), cefpodoxime (10
mg/kg per day in 2 divided doses), or
ceftriaxone (50 mg/kg, administered
intramuscularly). It is important to
note that alternative antibiotics vary in
their efficacy against AOM pathogens.
For example, recent US data on in vitro
susceptibility of S pneumoniae to cef-
dinir and cefuroxime are 70% to 80%,
compared with 84% to 92% amoxicillin
efficacy.130,147–149 In vitro efficacy of
cefdinir and cefuroxime against H
influenzae is approximately 98%, com-
pared with 58% efficacy of amoxicillin
and nearly 100% efficacy of amoxicillin-
clavulanate.158 A multicenter double
tympanocentesis open-label study of


TABLE 5 Recommended Antibiotics for (Initial or Delayed) Treatment and for Patients Who Have Failed Initial Antibiotic Treatment


Initial Immediate or Delayed Antibiotic Treatment Antibiotic Treatment After 48–72 h of Failure of Initial Antibiotic Treatment


Recommended First-line
Treatment


Alternative Treatment
(if Penicillin Allergy)


Recommended
First-line Treatment


Alternative
Treatment


Amoxicillin (80–90 mg/ kg per
day in 2 divided doses)


Cefdinir (14 mg/kg per day
in 1 or 2 doses)


Amoxicillin-clavulanatea (90 mg/kg per
day of amoxicillin, with 6.4 mg/kg
per day of clavulanate in 2
divided doses)


Ceftriaxone, 3 d Clindamycin
(30–40 mg/kg per day in 3
divided doses), with or without
third-generation cephalosporin


or Cefuroxime (30 mg/kg per
day in 2 divided doses)


or Failure of second antibiotic


Amoxicillin-clavulanatea (90 mg/kg
per day of amoxicillin, with 6.4 mg/kg
per day of clavulanate [amoxicillin to
clavulanate ratio, 14:1] in 2
divided doses)


Cefpodoxime (10 mg/kg per
day in 2 divided doses)


Ceftriaxone (50 mg IM or IV for 3 d) Clindamycin (30–40 mg/kg per day
in 3 divided doses) plus
third-generation cephalosporin


Tympanocentesisb


Ceftriaxone (50 mg IM or IV
per day for 1 or 3 d)


Consult specialistb


IM, intramuscular; IV, intravenous.
a May be considered in patients who have received amoxicillin in the previous 30 d or who have the otitis-conjunctivitis syndrome.
b Perform tympanocentesis/drainage if skilled in the procedure, or seek a consultation from an otolaryngologist for tympanocentesis/drainage. If the tympanocentesis reveals
multidrug-resistant bacteria, seek an infectious disease specialist consultation.
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cefdinir in recurrent AOM attributable
to H influenzae showed eradication of
the organism in 72% of patients.163


For penicillin-allergic children, recent
data suggest that cross-reactivity
among penicillins and cephalo-
sporins is lower than historically
reported.164–167 The previously cited
rate of cross-sensitivity to cepha-
losporins among penicillin-allergic
patients (approximately 10%) is likely
an overestimate. The rate was based
on data collected and reviewed during
the 1960s and 1970s. A study analyzing
pooled data of 23 studies, including
2400 patients with reported history of
penicillin allergy and 39 000 with no
penicillin allergic history concluded
that many patients who present with
a history of penicillin allergy do not
have an immunologic reaction to
penicillin.166 The chemical structure
of the cephalosporin determines the
risk of cross-reactivity between spe-
cific agents.165,168 The degree of
cross-reactivity is higher between
penicillins and first-generation ceph-
alosporins but is negligible with the
second- and third-generation cepha-
losporins. Because of the differences
in the chemical structures, cefdinir,
cefuroxime, cefpodoxime, and cef-
triaxone are highly unlikely to be
associated with cross-reactivity with
penicillin.165 Despite this, the Joint
Task Force on Practice Parameters;
American Academy of Allergy, Asthma
and Immunology; American College of
Allergy, Asthma and Immunology; and
Joint Council of Allergy, Asthma and
Immunology169 stated that “cephalo-
sporin treatment of patients with
a history of penicillin allergy, selecting
out those with severe reaction histo-
ries, show a reaction rate of 0.1%.”
They recommend a cephalosporin in
cases without severe and/or recent
penicillin allergy reaction history
when skin test is not available.


Macrolides, such as erythromycin and
azithromycin, have limited efficacy
against both H influenzae and S
pneumoniae.130,147–149 Clindamycin
lacks efficacy against H influenzae.
Clindamycin alone (30–40 mg/kg per
day in 3 divided doses) may be used
for suspected penicillin-resistant S
pneumoniae; however, the drug
will likely not be effective for the
multidrug-resistant serotypes.130,158,166


Several of these choices of antibiotic
suspensions are barely palatable or
frankly offensive and may lead to
avoidance behaviors or active rejection
by spitting out the suspension. Palat-
ability of antibiotic suspensions has
been compared in many studies.170–172


Specific antibiotic suspensions such as
cefuroxime, cefpodoxime, and clinda-
mycin may benefit from adding taste-
masking products, such as chocolate
or strawberry flavoring agents, to ob-
scure the initial bitter taste and the
unpleasant aftertaste.172,173 In the pa-
tient who is persistently vomiting or
cannot otherwise tolerate oral medi-
cation, even when the taste is masked,
ceftriaxone (50 mg/kg, administered
intramuscularly in 1 or 2 sites in the
anterior thigh, or intravenously) has
been demonstrated to be effective for
the initial or repeat antibiotic treat-
ment of AOM.174,175 Although a single
injection of ceftriaxone is approved by
the US FDA for the treatment of AOM,
results of a double tympanocentesis
study (before and 3 days after single
dose ceftriaxone) by Leibovitz et al175


suggest that more than 1 ceftriaxone
dose may be required to prevent
recurrence of the middle ear infec-
tion within 5 to 7 days after the initial
dose.


Initial Antibiotic Treatment Failure


When antibiotics are prescribed for
AOM, clinical improvement should be
noted within 48 to 72 hours. During the
24 hours after the diagnosis of AOM,


the child’s symptoms may worsen
slightly. In the next 24 hours, the
patient’s symptoms should begin to
improve. If initially febrile, the tem-
perature should decline within 48 to
72 hours. Irritability and fussiness
should lessen or disappear, and
sleeping and drinking patterns should
normalize.176,177 If the patient is not
improved by 48 to 72 hours, another
disease or concomitant viral infection
may be present, or the causative
bacteria may be resistant to the cho-
sen therapy.


Some children with AOM and persis-
tent symptoms after 48 to 72 hours of
initial antibacterial treatment may
have combined bacterial and viral in-
fection, which would explain the per-
sistence of ongoing symptoms despite
appropriate antibiotic therapy.109,178,179


Literature is conflicting on the corre-
lation between clinical and bacterio-
logic outcomes. Some studies report
good correlation ranging from 86% to
91%,180,181 suggesting continued pres-
ence of bacteria in the middle ear in
a high proportion of cases with per-
sistent symptoms. Others report that
middle ear fluid from children with
AOM in whom symptoms are persis-
tent is sterile in 42% to 49% of
cases.123,182 A change in antibiotic may
not be required in some children with
mild persistent symptoms.


In children with persistent, severe
symptoms of AOM and unimproved
otologic findings after initial treat-
ment, the clinician may consider
changing the antibiotic (Table 5). If the
child was initially treated with amoxicillin
and failed to improve, amoxicillin-
clavulanate should be used. Patients
who were given amoxicillin-clavulanate
or oral third-generation cephalosporins
may receive intramuscular ceftriaxone
(50 mg/kg). In the treatment of AOM
unresponsive to initial antibiotics, a 3-day
course of ceftriaxone has been shown to
be better than a 1-day regimen.175
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Although trimethoprim-sulfamethoxazole
and erythromycin-sulfisoxazole had
been useful as therapy for patients
with AOM, pneumococcal surveillance
studies have indicated that resis-
tance to these 2 combination agents
is substantial.130,149,183 Therefore, when
patients fail to improve while receiv-
ing amoxicillin, neither trimethoprim-
sulfamethoxazole184 nor erythromycin-
sulfisoxazole is appropriate therapy.


Tympanocentesis should be consid-
ered, and culture of middle ear fluid
should be performed for bacteriologic
diagnosis and susceptibility testing
when a series of antibiotic drugs have
failed to improve the clinical condition.
If tympanocentesis is not available,
a course of clindamycin may be used,
with or without an antibiotic that cov-
ers nontypeable H influenzae and M
catarrhalis, such as cefdinir, cefixime,
or cefuroxime.


Because S pneumoniae serotype 19A is
usually multidrug-resistant and may
not be responsive to clindamycin,104,149


newer antibiotics that are not ap-
proved by the FDA for treatment of
AOM, such as levofloxacin or linezolid,
may be indicated.185–187 Levofloxacin is
a quinolone antibiotic that is not ap-
proved by the FDA for use in children.
Linezolid is effective against resistant
Gram-positive bacteria. It is not ap-
proved by the FDA for AOM treatment
and is expensive. In children with re-
peated treatment failures, every effort
should be made for bacteriologic di-
agnosis by tympanocentesis with
Gram stain, culture, and antibiotic
susceptibility testing of the organism
(s) present. The clinician may con-
sider consulting with pediatric medi-
cal subspecialists, such as an
otolaryngologist for possible tympano-
centesis, drainage, and culture and an
infectious disease expert, before use of
unconventional drugs such as levo-
floxacin or linezolid.


When tympanocentesis is not available, 1
possible way to obtain information on
the middle ear pathogens and their
antimicrobial susceptibility is to obtain
a nasopharyngeal specimen for bacterial
culture. Almost all middle ear pathogens
derive from the pathogens colonizing the
nasopharynx, but not all nasopharyngeal
pathogens enter the middle ear to cause
AOM. The positive predictive value of
nasopharyngeal culture during AOM
(likelihood that bacteria cultured from
the nasopharynx is the middle ear
pathogen) ranges from 22% to 44% for
S pneumoniae, 50% to 71% for non-
typeable H influenzae, and 17% to 19%
for M catarrhalis. The negative pre-
dictive value (likelihood that bacteria not
found in the nasopharynx are not AOM
pathogens) ranges from 95% to 99% for
all 3 bacteria.188,189 Therefore, if naso-
pharyngeal culture is negative for spe-
cific bacteria, that organism is likely not
the AOM pathogen. A negative culture
for S pneumoniae, for example, will help
eliminate the concern for multidrug-
resistant bacteria and the need for un-
conventional therapies, such as levo-
floxacin or linezolid. On the other hand,
if S pneumoniae is cultured from the
nasopharynx, the antimicrobial suscep-
tibility pattern can help guide treatment.


Duration of Therapy


The optimal duration of therapy for
patients with AOM is uncertain; the
usual 10-day course of therapy was
derived from the duration of treatment
of streptococcal pharyngotonsillitis.
Several studies favor standard 10-day
therapy over shorter courses for chil-
dren younger than 2 years.162,190–194


Thus, for children younger than 2
years and children with severe symp-
toms, a standard 10-day course is
recommended. A 7-day course of oral
antibiotic appears to be equally effec-
tive in children 2 to 5 years of age with
mild or moderate AOM. For children 6
years and older with mild to moderate


symptoms, a 5- to 7-day course is ad-
equate treatment.


Follow-up of the Patient With AOM


Once the child has shown clinical im-
provement, follow-up is based on the
usual clinical course of AOM. There is
little scientific evidence for a routine
10- to 14-day reevaluation visit for all
children with an episode of AOM. The
physician may choose to reassess
some children, such as young children
with severe symptoms or recurrent
AOM or when specifically requested by
the child’s parent.


Persistent MEE is common and can be
detected by pneumatic otoscopy (with or
without verification by tympanometry)
after resolution of acute symptoms. Two
weeks after successful antibiotic treat-
ment of AOM, 60% to 70% of children
have MEE, decreasing to 40% at 1 month
and 10% to 25% at 3 months after
successful antibiotic treatment.177,195


The presence of MEE without clinical
symptoms is defined as OME. OME must
be differentiated clinically from AOM
and requires infrequent additional
monitoring but not antibiotic therapy.
Assurance that OME resolves is partic-
ularly important for parents of children
with cognitive or developmental delays
that may be affected adversely by
transient hearing loss associated with
MEE. Detailed recommendations for the
management of the child with OME
can be found in the evidence-based
guideline from the AAP/AAFP/American
Academy of Otolaryngology-Head and
Neck Surgery published in 2004.84,85


Key Action Statement 5A


Clinicians should NOT prescribe
prophylactic antibiotics to reduce
the frequency of episodes of AOM
in children with recurrent AOM.
(Evidence Quality: Grade B, Rec.
Strength: Recommendation)
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Key Action Statement 5B


Clinicians may offer tympanostomy
tubes for recurrent AOM (3 epi-
sodes in 6 months or 4 episodes in


1 year, with 1 episode in the
preceding 6 months). (Evidence


Quality: Grade B, Rec. Strength:


Option)


Purpose of This Section


Recurrent AOM has been defined as the
occurrence of 3 ormore episodes of AOM
in a 6-month period or the occurrence of
4 or more episodes of AOM in a 12-month
period that includes at least 1 episode in
the preceding 6 months.20 These epi-
sodes should be well documented and
separate acute infections.11


Winter season, male gender, and pas-
sive exposure to smoking have been
associated with an increased likelihood
of recurrence. Half of children younger
than 2 years treated for AOM will ex-
perience a recurrence within 6 months.
Symptoms that last more than 10 days
may also predict recurrence.196


Changes From AAP/AAFP 2004 AOM
Guideline


Recurrent AOM was not addressed in
the 2004 AOM guideline. This section


addresses the literature on recurrent
AOM.


Antibiotic Prophylaxis


Long-term, low-dose antibiotic use, re-
ferred to as antibiotic prophylaxis or
chemoprophylaxis, has been used to
treat children with recurrent AOM to
prevent subsequent episodes.85 A 2006
Cochrane review analyzed 16 studies of
long-term antibiotic use for AOM and
found such use prevented 1.5 episodes
of AOM per year, reducing in half the
number of AOM episodes during the
period of treatment.197 Randomized
placebo-controlled trials of prophylaxis
reported a decrease of 0.09 episodes
per month in the frequency of AOM
attributable to therapy (approximately
0.5 to 1.5 AOM episodes per year for
95% of children). An estimated 5 chil-
dren would need to be treated for 1


year to prevent 1 episode of OM. The
effect may be more substantial for
children with 6 or more AOM episodes
in the preceding year.12


This decrease in episodes of AOM oc-
curred only while the prophylactic an-
tibiotic was being given. The modest
benefit afforded by a 6-month course of
antibiotic prophylaxis does not have
longer-lasting benefit after cessation of
therapy. Teele showed no differences
between children who received pro-
phylactic antibiotics compared with
those who received placebo in AOM
recurrences or persistence of OME.198


Antibiotic prophylaxis is not appropriate
for children with long-term MEE or for
children with infrequent episodes of AOM.
The small reduction in frequency of AOM
with long-term antibiotic prophylaxis
must be weighed against the cost of such
therapy; the potential adverse effects of
antibiotics, principally allergic reaction
and gastrointestinal tract consequences,
such as diarrhea; and their contribution
to the emergence of bacterial resistance.


Surgery for Recurrent AOM


The use of tympanostomy tubes for
treatment of ear disease in general, and
for AOM in particular, has been con-
troversial.199 Most published studies of
surgical intervention for OM focus on
children with persistent MEE with or
without AOM. The literature on surgery
for recurrent AOM as defined here
is scant. A lack of consensus among
otolaryngologists regarding the role of
surgery for recurrent AOM was reported
in a survey of Canadian otolaryngolo-
gists in which 40% reported they would
“never,” 30% reported they would
“sometimes,” and 30% reported they
would “often or always” place tympa-
nostomy tubes for a hypothetical 2-year-
old child with frequent OM without per-
sistent MEE or hearing loss.200


Tympanostomy tubes, however, remain
widely used in clinical practice for both
OME and recurrent OM.201 Recurrent


Key Action Statement Profile: KAS 5A
Aggregate evidence quality Grade B


Benefits No adverse effects from antibiotic. Reduces potential for development
of bacterial resistance. Reduced costs.


Risks, harms, cost Small increase in episodes of AOM.
Benefit-harm assessment Preponderance of benefit.
Value judgments Potential harm outweighs the potential benefit.
Intentional vagueness None.
Role of patient preferences Limited.
Exclusions Young children whose only alternative would be tympanostomy tubes.
Strength Recommendation


Key Action Statement Profile: KAS 5B
Aggregate evidence quality Grade B


Benefits Decreased frequency of AOM. Ability to treat AOM with topical
antibiotic therapy.


Risks, harms, cost Risks of anesthesia or surgery. Cost. Scarring of TM, chronic
perforation, cholesteatoma. Otorrhea.


Benefits-harms assessment Equilibrium of benefit and harm.
Value judgments None.
Intentional vagueness Option based on limited evidence.
Role of patient preferences Joint decision of parent and clinician.
Exclusions Any contraindication to anesthesia and surgery.
Strength Option
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AOM remains a common indication for
referral to an otolaryngologist.


Three randomized controlled trials have
compared the number of episodes of
AOM after tympanostomy tube place-
ment or no surgery.202 Two found sig-
nificant improvement in mean number
of AOM episodes after tympanostomy
tubes during a 6-month follow-up pe-
riod.203,204 One study randomly assigned
children with recurrent AOM to groups
receiving placebo, amoxicillin pro-
phylaxis, or tympanostomy tubes and
followed them for 2 years.205 Although
prophylactic antibiotics reduced the
rate of AOM, no difference in number
of episodes of AOM was noted be-
tween the tympanostomy tube group
and the placebo group over 2 years. A
Cochrane review of studies of tympa-
nostomy tubes for recurrent AOM an-
alyzed 2 studies204,206 that met
inclusion criteria and found that
tympanostomy tubes reduced the
number of episodes of AOM by 1.5
episodes in the 6 months after sur-
gery.207 Tympanostomy tube insertion
has been shown to improve disease-
specific quality-of-life measures in
children with OM.208 One multicenter,
nonrandomized observational study
showed large improvements in a
disease-specific quality-of-life instru-
ment that measured psychosocial
domains of physical suffering, hearing
loss, speech impairment, emotional
distress, activity limitations, and care-
giver concerns that are associated with
ear infections.209 These benefits of
tympanostomy tubes have been dem-
onstrated in mixed populations of chil-
dren that include children with OME as
well as recurrent AOM.


Beyond the cost, insertion of tympa-
nostomy tubes is associated with
a small but finite surgical and anesthetic
risk. A recent review looking at proto-
cols to minimize operative risk reported
no major complications, such as sen-
sorineural hearing loss, vascular injury,


or ossicular chain disruption, in 10 000
tube insertions performed primarily by
residents, although minor complica-
tions such as TM tears or displaced
tubes in the middle ear were seen in
0.016% of ears.210 Long-term sequelae
of tympanostomy tubes include TM
structural changes including focal at-
rophy, tympanosclerosis, retraction
pockets, and chronic perforation. One
meta-analysis found tympanosclerosis
in 32% of patients after placement of
tympanostomy tubes and chronic per-
forations in 2.2% of patients who had
short-term tubes and 16.6% of patients
with long-term tubes.211


Adenoidectomy, without myringotomy
and/or tympanostomy tubes, did not
reduce the number of episodes of AOM


when compared with chemoprophylaxis
or placebo.212 Adenoidectomy alone
should not be used for prevention of
AOM but may have benefit when per-
formed with placement of tympanos-
tomy tubes or in children with previous
tympanostomy tube placement in OME.213


Prevention of AOM: Key Action
Statement 6A


Pneumococcal Vaccine


Clinicians should recommend pneu-
mococcal conjugate vaccine to all
children according to the schedule
of the Advisory Committee on Im-
munization Practices, AAP, and AAFP.
(Evidence Quality: Grade B, Rec.
Strength: Strong Recommendation)


Key Action Statement 6B


Influenza Vaccine: Clinicians
should recommend annual in-
fluenza vaccine to all children
according to the schedule of


the Advisory Committee on Im-
munization Practices, AAP, and
AAFP. (Evidence Quality: Grade B,
Rec. Strength: Recommenda-
tion)


Key Action Statement Profile: KAS 6A
Aggregate evidence quality Grade B


Benefits Reduced frequency of AOM attributable to vaccine serotypes.
Reduced risk of serious pneumococcal systemic disease.


Risks, harms, cost Potential vaccine side effects. Cost of vaccine.
Benefits-harms assessment Preponderance of benefit.
Value judgments Potential vaccine adverse effects are minimal.
Intentional vagueness None.
Role of patient preferences Some parents may choose to refuse the vaccine.
Exclusions Severe allergic reaction (eg, anaphylaxis) to any component of


pneumococcal vaccine or any diphtheria toxoid-containing
vaccine.


Strength Strong Recommendation


Key Action Statement Profile: KAS 6B
Aggregate evidence quality Grade B


Benefits Reduced risk of influenza infection. Reduction in frequency of AOM
associated with influenza.


Risks, harms, cost Potential vaccine adverse effects. Cost of vaccine. Requires annual
immunization.


Benefits-harms assessment Preponderance of benefit.
Value judgments Potential vaccine adverse effects are minimal.
Intentional vagueness None
Role of patient preferences Some parents may choose to refuse the vaccine.
Exclusions See CDC guideline on contraindications (http://www.cdc.gov/flu/


professionals/acip/shouldnot.htm).
Strength Recommendation
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Key Action Statement 6C


Breastfeeding: Clinicians should
encourage exclusive breastfeeding


for at least 6 months. (Evidence
Quality: Grade B, Rec. Strength:


Recommendation)


Key Action Statement 6D


Clinicians should encourage
avoidance of tobacco smoke ex-


posure. (Evidence Quality: Grade


C, Rec. Strength: Recommenda-


tion)


Purpose of This Section


The 2004 AOM guideline noted data on
immunizations, breastfeeding, and
lifestyle changes that would reduce the
risk of acquiring AOM. This section
addresses new data published since
2004.


Changes From AAP/AAFP 2004 AOM
Guideline


PCV7 has been in use in the United
States since 2000. PCV13 was introduced
in the United States in 2010. The 10-
valent pneumococcal nontypeable H
influenzae protein D-conjugate vaccine
was recently licensed in Europe for


prevention of diseases attributable to
S pneumoniae and nontypeable H influ-
enzae. Annual influenza immunization is
now recommended for all children 6
months of age and older in the United
States.214,215 Updated information re-
garding these vaccines and their effect
on the incidence of AOM is reviewed.


The AAP issued a new breastfeeding
policy statement in February 2012.216


This guideline also includes a recom-
mendation regarding tobacco smoke
exposure. Bottle propping, pacifier
use, and child care are discussed, but
no recommendations are made be-
cause of limited evidence. The use of


xylitol, a possible adjunct to AOM
prevention, is discussed; however, no
recommendations are made.


Pneumococcal Vaccine


Pneumococcal conjugate vaccines
have proven effective in preventing OM
caused by pneumococcal serotypes
contained in the vaccines. A meta-
analysis of 5 studies with AOM as an
outcome determined that there is
a 29% reduction in AOM caused by all
pneumococcal serotypes among chil-
dren who received PCV7 before 24
months of age.217 Although the overall
benefit seen in clinical trials for all
causes of AOM is small (6%–7%),218–221


observational studies have shown that
medical office visits for otitis were
reduced by up to 40% comparing
years before and after introduction of
PCV7.222–224 Grijvala223 reported no
effect, however, among children first
vaccinated at older ages. Poehling
et al225 reported reductions of fre-
quent AOM and PE tube use after in-
troduction of PCV7. The observations
by some of greater benefit observed
in the community than in clinical tri-
als is not fully understood but may be
related to effects of herd immunity or
may be attributed to secular trends or
changes in AOM diagnosis patterns
over time.223,226–229 In a 2009 Cochrane
review,221 Jansen et al found that the
overall reduction in AOM incidence
may only be 6% to 7% but noted that
even that small rate may have public
health relevance. O’Brien et al con-
curred and noted in addition the po-
tential for cost savings.230 There is
evidence that serotype replacement
may reduce the long-term efficacy of
pneumococcal conjugate vaccines
against AOM,231 but it is possible that
new pneumococcal conjugate vac-
cines may demonstrate an increased
effect on reduction in AOM.232–234 Data
on AOM reduction secondary to the
PCV13 licensed in the United States in
2010 are not yet available.


Key Action Statement Profile: KAS 6C
Aggregate evidence quality Grade B


Benefits May reduce the risk of early AOM. Multiple benefits of breastfeeding
unrelated to AOM.


Risk, harm, cost None
Benefit-harm assessment Preponderance of benefit.
Value judgments The intervention has value unrelated to AOM prevention.
Intentional vagueness None
Role of patient preferences Some parents choose to feed formula.
Exclusions None
Strength Recommendation


Key Action Statement Profile: KAS 6D
Aggregate evidence quality Grade C


Benefits May reduce the risk of AOM.
Risks, harms, cost None
Benefits-harms assessment Preponderance of benefit.
Value judgments Avoidance of tobacco exposure has inherent value unrelated


to AOM.
Intentional vagueness None
Role of patient preferences Many parents/caregivers choose not to stop smoking. Some


also remain addicted, and are unable to quit smoking.
Exclusions None
Strength Recommendation
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The H influenzae protein D-conjugate
vaccine recently licensed in Europe
has potential benefit of protection
against 10 serotypes of S pneumoniae
and nontypeable H influenzae.221,234


Influenza Vaccine


Most cases of AOM follow upper re-
spiratory tract infections caused by
viruses, including influenza viruses. As
many as two-thirds of young children
with influenza may have AOM.235


Investigators have studied the efficacy
of trivalent inactivated influenza vac-
cine (TIV) and live-attenuated in-
tranasal influenza vaccine (LAIV) in
preventing AOM. Many studies have
demonstrated 30% to 55% efficacy of
influenza vaccine in prevention of
AOM during the respiratory illness
season.6,235–239 One study reported no
benefit of TIV in reducing AOM burden;
however, 1 of the 2 respiratory illness
seasons during which this study was
conducted had a relatively low in-
fluenza activity. A pooled analysis240 of
8 studies comparing LAIV versus TIV
or placebo241–248 showed a higher ef-
ficacy of LAIV compared with both
placebo and with TIV. Influenza vacci-
nation is now recommended for all
children 6 months of age and older in
the United States.214,215


Breastfeeding


Multiple studies provide evidence that
breastfeeding for at least 4 to 6
months reduces episodes of AOM and
recurrent AOM.249–253 Two cohort
studies, 1 retrospective study250 and 1
prospective study,253 suggest a dose
response, with some protection from
partial breastfeeding and the greatest
protection from exclusive breastfeed-
ing through 6 months of age. In mul-
tivariate analysis controlling for
exposure to child care settings, the
risk of nonrecurrent otitis is 0.61
(95% confidence interval [CI]: 0.4–0.92)
comparing exclusive breastfeeding


through 6 months of age with no
breastfeeding or breastfeeding less
than 4 months. In a prospective co-
hort, Scariatti253 found a significant
dose-response effect. In this study, OM
was self-reported by parents. In a
systematic review, McNiel et al254


found that when exclusive breast-
feeding was set as the normative
standard, the recalculated odds ratios
(ORs) revealed the risks of any for-
mula use. For example, any formula
use in the first 6 months of age was
significantly associated with in-
creased incidence of OM (OR: 1.78;
95% CI: 1.19–2.70; OR: 4.55; 95% CI:
1.64–12.50 in the available studies;
pooled OR for any formula in the first
3 months of age, 2.00; 95% CI: 1.40–
2.78). A number of studies255–259


addressed the association of AOM and
other infectious illness in infants with
duration and exclusivity of breast-
feeding, but all had limitations and
none had a randomized controlled
design. However, taken together, they
continue to show a protective effect of
exclusive breastfeeding. In all studies,
there has been a predominance of
white subjects, and child care atten-
dance and smoking exposure may not
have been completely controlled. Also,
feeding methods were self-reported.


The consistent finding of a lower in-
cidence of AOM and recurrent AOM
with increased breastfeeding supports
the AAP recommendation to encourage
exclusive breastfeeding for the first 6
months of life and to continue for at
least the first year and beyond for as
long as mutually desired by mother
and child.216


Lifestyle Changes


In addition to its many other bene-
fits,260 eliminating exposure to passive
tobacco smoke has been postulated
to reduce the incidence of AOM in in-
fancy.252,261–264 Bottles and pacifiers
have been associated with AOM.


Avoiding supine bottle feeding (“bottle
propping”) and reducing or eliminat-
ing pacifier use in the second 6
months of life may reduce AOM in-
cidence.265–267 In a recent cohort
study, pacifier use was associated
with AOM recurrence.268


During infancy and early childhood,
reducing the incidence of upper re-
spiratory tract infections by altering
child care-center attendance patterns
can reduce the incidence of recurrent
AOM significantly.249,269


Xylitol


Xylitol, or birch sugar, is chemically
a pentitol or 5-carbon polyol sugar
alcohol. It is available as chewing gum,
syrup, or lozenges. A 2011 Cochrane
review270 examined the evidence for
the use of xylitol in preventing re-
current AOM. A statistically significant
25% reduction in the risk of occur-
rence of AOM among healthy children
at child care centers in the xylitol
group compared with the control
group (relative risk: 0.75; 95% CI: 0.65
to 0.88; RD: –0.07; 95% CI: –0.12 to
–0.03) in the 4 studies met criteria for
analysis.271–274 Chewing gum and loz-
enges containing xylitol appeared to
be more effective than syrup. Children
younger than 2 years, those at the
greatest risk of having AOM, cannot
safely use lozenges or chewing gum.
Also, xylitol needs to be given 3 to 5
times a day to be effective. It is not
effective for treating AOM and it must
be taken daily throughout the re-
spiratory illness season to have an
effect. Sporadic or as-needed use is
not effective.


Future Research


Despite advances in research partially
stimulated by the 2004 AOM guideline,
there are still many unanswered
clinical questions in the field. Following
are possible clinical research ques-
tions that still need to be resolved.
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Diagnosis


There will probably never be a gold
standard for diagnosis of AOM because
of the continuum from OME to AOM.
Conceivably, new techniques that could
be used on the small amount of fluid
obtained during tympanocentesis
could identify inflammatory markers
in addition to the presence of bacteria
or viruses. However, performing tym-
panocentesis studies on children with
uncomplicated otitis is likely not fea-
sible because of ethical and other
considerations.


Devices that more accurately identify
the presence of MEE and bulging that
are easier to use than tympanometry
during office visits would be welcome,
especially in the difficult-to-examine
infant. Additional development of in-
expensive, easy-to-use video pneu-
matic otoscopes is still a goal.


Initial Treatment


The recent studies of Hoberman31 and
Tähtinen32 have addressed clinical
and TM appearance by using stringent
diagnostic criteria of AOM. However,
the outcomes for less stringent di-
agnostic criteria, a combination of
symptoms, MEE, and TM appearance
not completely consistent with OME
can only be inferred from earlier
studies that used less stringent cri-
teria but did not specify outcomes for
various grades of findings. Random-
ized controlled trials on these less
certain TM appearances using scales
similar to the OS-8 scale35 could
clarify the benefit of initial antibiotics
and initial observation for these less
certain diagnoses. Such studies must
also specify severity of illness, later-
ality, and otorrhea.


Appropriate end points must be
established. Specifically is the ap-
pearance of the TM in patients without
clinical symptoms at the end of a study
significant for relapse, recurrence, or


persistent MEE. Such a study would
require randomization of patients
with unimproved TM appearance to
continued observation and antibiotic
groups.


The most efficient and acceptable
methods of initial observation should
continue to be studied balancing the
convenience and benefits with the
potential risks to the patient.


Antibiotics


Amoxicillin-clavulanate has a broader
spectrum than amoxicillin and may be
a better initial antibiotic. However,
because of cost and adverse effects,
the subcommittee has chosen amoxi-
cillin as first-line AOM treatment.
Randomized controlled trials com-
paring the 2 with adequate power to
differentiate clinical efficacy would
clarify this choice. Stringent diagnostic
criteria should be the standard for
these studies. Antibiotic comparisons
for AOM should now include an ob-
servation arm for patients with non-
severe illness to ensure a clinical
benefit over placebo. Studies should
also have enough patients to show
small but meaningful differences.


Although there have been studies on
the likelihood of resistant S pneumo-
niae or H influenzae in children in
child care settings and with siblings
younger than 5 years, studies are still
needed to determine whether these
and other risk factors would indicate
a need for different initial treatment
than noted in the guideline.


New antibiotics that are safe and
effective are needed for use in
AOM because of the development of
multidrug-resistant organisms. Such
new antibiotics must be tested against
the currently available medications.


Randomized controlled trials using
different durations of antibiotic ther-
apy in different age groups are needed
to optimize therapy with the possibility


of decreasing duration of antibiotic
use. These would need to be per-
formed initially with amoxicillin and
amoxicillin-clavulanate but should also
be performed for any antibiotic used in
AOM. Again, an observation arm should
be included in nonsevere illness.


Recurrent AOM


There have been adequate studies
regarding prophylactic antibiotic use
in recurrent AOM. More and better
controlled studies of tympanostomy
tube placement would help determine
its benefit versus harm.


Prevention


There should be additional de-
velopment of vaccines targeted at
common organisms associated with
AOM.275 Focused epidemiologic studies
on the benefit of breastfeeding, spe-
cifically addressing AOM prevention,
including duration of breastfeeding
and partial versus exclusive breast-
feeding, would clarify what is now
a more general database. Likewise,
more focused studies of the effects of
lifestyle changes would help clarify
their effect on AOM.


Complementary and Alternative
Medicine


There are no well-designed random-
ized controlled trials of the usefulness
of complementary and alternative
medicine in AOM, yet a large number of
families turn to these methods. Al-
though most alternative therapies are
relatively inexpensive, some may be
costly. Such studies should compare
the alternative therapy to observation
rather than antibiotics and only use an
antibiotic arm if the alternative ther-
apy is shown to be better than ob-
servation. Such studies should focus
on children with less stringent criteria
of AOM but using the same descriptive
criteria for the patients as noted
above.
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DISSEMINATION OF GUIDELINES


An Institute of Medicine Report notes
that “Effective multifaceted imple-
mentation strategies targeting both
individuals and healthcare systems
should be employed by implementers
to promote adherence to trustworthy
[clinical practice guidelines].”230


Many studies of the effect of clinical
practice guidelines have been per-
formed. In general, the studies show
little overt change in practice after
a guideline is published. However, as
was seen after the 2004 AOM guideline,
the number of visits for AOM and the
number of prescriptions for antibiotics
for AOM had decreased publication.
Studies of educational and dissemi-
nation methods both at the practic-
ing physician level and especially
at the resident level need to be
examined.


SUBCOMMITTEE ON DIAGNOSIS AND
MANAGEMENT OF ACUTE OTITIS
MEDIA
Allan S. Lieberthal, MD, FAAP (Chair, general
pediatrician, no conflicts)


Aaron E. Carroll, MD, MS, FAAP (Partnership
for Policy Implementation [PPI] Informatician,
general academic pediatrician, no conflicts)


Tasnee Chonmaitree, MD, FAAP (pediatric
infectious disease physician, no financial con-
flicts; published research related to AOM)


Theodore G. Ganiats, MD (family physician,
American Academy of Family Physicians, no
conflicts)


Alejandro Hoberman, MD, FAAP (general ac-
ademic pediatrician, no financial conflicts;
published research related to AOM)


Mary Anne Jackson, MD, FAAP (pediatric in-
fectious disease physician, AAP Committee on
Infectious Disease, no conflicts)


Mark D. Joffe, MD, FAAP (pediatric emer-
gency medicine physician, AAP Committee/
Section on Pediatric Emergency Medicine, no
conflicts)


Donald T. Miller, MD, MPH, FAAP (general
pediatrician, no conflicts)


Richard M. Rosenfeld, MD, MPH, FAAP (oto-
laryngologist, AAP Section on Otolaryngology,
Head and Neck Surgery, American Academy of
Otolaryngology-Head and Neck Surgery, no finan-
cial conflicts; published research related to AOM)
Xavier D. Sevilla, MD, FAAP (general pediat-
rics, Quality Improvement Innovation Network,
no conflicts)
Richard H. Schwartz, MD, FAAP (general pe-
diatrician, no financial conflicts; published re-
search related to AOM)
Pauline A. Thomas, MD, FAAP (epidemiologist,
general pediatrician, no conflicts)
David E. Tunkel, MD, FAAP, FACS (otolaryn-
gologist, AAP Section on Otolaryngology, Head
and Neck Surgery, periodic consultant to
Medtronic ENT)


CONSULTANT
Richard N. Shiffman, MD, FAAP, FACMI
(informatician, guideline methodologist, gen-
eral academic pediatrician, no conflicts)


STAFF
Caryn Davidson, MA
Oversight by the Steering Committee on Quality
Improvement and Management, 2009–2012


REFERENCES


1. American Academy of Pediatrics Sub-
committee on Management of Acute Otitis
Media. Diagnosis and management of
acute otitis media. Pediatrics. 2004;113(5):
1451–1465


2. Grijalva CG, Nuorti JP, Griffin MR. Antibi-
otic prescription rates for acute re-
spiratory tract infections in US
ambulatory settings. JAMA. 2009;302(7):
758–766


3. McCaig LF, Besser RE, Hughes JM. Trends
in antimicrobial prescribing rates for
children and adolescents. JAMA. 2002;287
(23):3096–3102


4. Vernacchio L, Vezina RM, Mitchell AA.
Management of acute otitis media by
primary care physicians: trends since the
release of the 2004 American Academy of
Pediatrics/American Academy of Family
Physicians clinical practice guideline. Pe-
diatrics. 2007;120(2):281–287


5. Coco A, Vernacchio L, Horst M, Anderson
A. Management of acute otitis media after
publication of the 2004 AAP and AAFP
clinical practice guideline. Pediatrics.
2010;125(2):214–220


6. Marchisio P, Mira E, Klersy C, et al. Medi-
cal education and attitudes about acute


otitis media guidelines: a survey of
Italian pediatricians and otolaryn-
gologists. Pediatr Infect Dis J. 2009;28(1):
1–4


7. Arkins ER, Koehler JM. Use of the obser-
vation option and compliance with
guidelines in treatment of acute otitis
media. Ann Pharmacother. 2008;42(5):
726–727


8. Flores G, Lee M, Bauchner H, Kastner B.
Pediatricians’ attitudes, beliefs, and
practices regarding clinical practice
guidelines: a national survey. Pediatrics.
2000;105(3 pt 1):496–501


9. Bluestone CD. Definitions, terminology,
and classification. In: Rosenfeld RM,
Bluestone CD, eds. Evidence-Based Otitis
Media. Hamilton, Canada: BC Decker;
2003:120–135


10. Bluestone CD, Klein JO. Definitions, ter-
minology, and classification. In: Bluestone
CD, Klein JO, eds. Otitis Media in Infants
and Children. 4th ed. Hamilton, Canada:
BC Decker; 2007:1–19


11. Dowell SF, Marcy MS, Phillips WR, et al.
Otitis media: principles of judicious use of
antimicrobial agents. Pediatrics. 1998;101
(suppl):165–171


12. Rosenfeld RM. Clinical pathway for acute
otitis media. In: Rosenfeld RM, Bluestone
CD, eds. Evidence-Based Otitis Media. 2nd
ed. Hamilton, Canada: BC Decker; 2003:
280–302


13. Carlson LH, Carlson RD. Diagnosis. In:
Rosenfeld RM, Bluestone CD, eds.
Evidence-Based Otitis Media. Hamilton,
Canada: BC Decker; 2003: 136–146


14. Bluestone CD, Klein JO. Diagnosis. In: Otitis
Media in Infants and Children. 4th ed.
Hamilton, Canada: BC Decker; 2007:147–
212


15. University of Oxford, Centre for Evidence
Based Medicine. Available at: www.cebm.
net/index.aspx?o=1044. Accessed July 17,
2012


16. American Academy of Pediatrics Steering
Committee on Quality Improvement and
Management. Classifying recommendations
for clinical practice guidelines. Pediatrics.
2004;114(3):874–877


17. Marcy M, Takata G, Shekelle P, et al.
Management of Acute Otitis Media. Evi-
dence Report/Technology Assessment No.
15. Rockville, MD: Agency for Healthcare
Research and Quality; 2000


PEDIATRICS Volume 131, Number 3, March 2013 e991


FROM THE AMERICAN ACADEMY OF PEDIATRICS


 at Univ of Florida Health Science Center on April 8, 2013pediatrics.aappublications.orgDownloaded from 



http://pediatrics.aappublications.org/





18. Chan LS, Takata GS, Shekelle P, Morton SC,
Mason W, Marcy SM. Evidence assess-
ment of management of acute otitis me-
dia: II. Research gaps and priorities for
future research. Pediatrics. 2001;108(2):
248–254


19. Takata GS, Chan LS, Shekelle P, Morton SC,
Mason W, Marcy SM. Evidence assessment
of management of acute otitis media: I.
The role of antibiotics in treatment of
uncomplicated acute otitis media. Pediat-
rics. 2001;108(2):239–247


20. Shekelle PG, Takata G, Newberry SJ, et al.
Management of Acute Otitis Media: Up-
date. Evidence Report/Technology Assess-
ment No. 198. Rockville, MD: Agency for
Healthcare Research and Quality; 2010


21. Coker TR, Chan LS, Newberry SJ, et al.
Diagnosis, microbial epidemiology, and
antibiotic treatment of acute otitis media
in children: a systematic review. JAMA.
2010;304(19):2161–2169


22. Jadad AR, Moore RA, Carroll D, et al.
Assessing the quality of reports of ran-
domized clinical trials: is blinding neces-
sary? Control Clin Trials. 1996;17(1):1–12


23. Whiting P, Rutjes AW, Reitsma JB, Bossuyt
PM, Kleijnen J. The development of QUADAS:
a tool for the quality assessment of studies
of diagnostic accuracy included in sys-
tematic reviews. BMC Med Res Methodol.
2003;3:25


24. Guyatt GH, Oxman AD, Vist GE, et al; GRADE
Working Group. GRADE: an emerging con-
sensus on rating quality of evidence and
strength of recommendations. BMJ. 2008;
336(7650):924–926


25. Hoffman RN, Michel G, Rosenfeld RM,
Davidson C. Building better guidelines
with BRIDGE-Wiz: development and evalu-
ation of a software assistant to promote
clarity, transparency, and implement-
ability. J Am Med Inform Assoc. 2012;19
(1):94–101


26. Kalu SU, Ataya RS, McCormick DP, Patel JA,
Revai K, Chonmaitree T. Clinical spectrum
of acute otitis media complicating upper
respiratory tract viral infection. Pediatr
Infect Dis J. 2011;30(2):95–99


27. Block SL, Harrison CJ. Diagnosis and
Management of Acute Otitis Media. 3rd
ed. Caddo, OK: Professional Communica-
tions; 2005:48–50


28. Wald ER. Acute otitis media: more trouble
with the evidence. Pediatr Infect Dis J.
2003;22(2):103–104


29. Paradise JL, Rockette HE, Colborn DK,
et al. Otitis media in 2253 Pittsburgh-area
infants: prevalence and risk factors dur-
ing the first two years of life. Pediatrics.
1997;99(3):318–333


30. McCormick DP, Chonmaitree T, Pittman C,
et al. Nonsevere acute otitis media:
a clinical trial comparing outcomes of
watchful waiting versus immediate anti-
biotic treatment. Pediatrics. 2005;115(6):
1455–1465


31. Hoberman A, Paradise JL, Rockette HE,
et al. Treatment of acute otitis media in
children under 2 years of age. N Engl J
Med. 2011;364(2):105–115


32. Tähtinen PA, Laine MK, Huovinen P, Jalava
J, Ruuskanen O, Ruohola A. A placebo-
controlled trial of antimicrobial treat-
ment for acute otitis media. N Engl J Med.
2011;364(2):116–126


33. Shaikh N, Hoberman A, Paradise JL, et al.
Development and preliminary evaluation
of a parent-reported outcome instrument
for clinical trials in acute otitis media.
Pediatr Infect Dis J. 2009;28(1):5–8


34. Laine MK, Tähtinen PA, Ruuskanen O,
Huovinen P, Ruohola A. Symptoms or
symptom-based scores cannot predict
acute otitis media at otitis-prone age.
Pediatrics. 2010;125(5). Available at: www.
pediatrics.org/cgi/content/full/125/5/e1154


35. Friedman NR, McCormick DP, Pittman C,
et al. Development of a practical tool for
assessing the severity of acute otitis me-
dia. Pediatr Infect Dis J. 2006;25(2):101–
107


36. Rothman R, Owens T, Simel DL. Does this
child have acute otitis media? JAMA. 2003;
290(12):1633–1640


37. Niemela M, Uhari M, Jounio-Ervasti K,
Luotonen J, Alho OP, Vierimaa E. Lack of
specific symptomatology in children with
acute otitis media. Pediatr Infect Dis J.
1994;13(9):765–768


38. Heikkinen T, Ruuskanen O. Signs and
symptoms predicting acute otitis media.
Arch Pediatr Adolesc Med. 1995;149(1):
26–29


39. Ingvarsson L. Acute otalgia in children—
findings and diagnosis. Acta Paediatr
Scand. 1982;71(5):705–710


40. Kontiokari T, Koivunen P, Niemelä M, Pokka
T, Uhari M. Symptoms of acute otitis me-
dia. Pediatr Infect Dis J. 1998;17(8):676–
679


41. Wong DL, Baker CM. Pain in children:
comparison of assessment scales. Pediatr
Nurs. 1988;14(1):9–17


42. Shaikh N, Hoberman A, Paradise JL, et al.
Responsiveness and construct validity of
a symptom scale for acute otitis media.
Pediatr Infect Dis J. 2009;28(1):9–12


43. Karma PH, Penttilä MA, Sipilä MM, Kataja
MJ. Otoscopic diagnosis of middle ear
effusion in acute and non-acute otitis
media. I. The value of different otoscopic


findings. Int J Pediatr Otorhinolaryngol.
1989;17(1):37–49


44. McCormick DP, Lim-Melia E, Saeed K,
Baldwin CD, Chonmaitree T. Otitis media:
can clinical findings predict bacterial or
viral etiology? Pediatr Infect Dis J. 2000;
19(3):256–258


45. Schwartz RH, Stool SE, Rodriguez WJ,
Grundfast KM. Acute otitis media: toward
a more precise definition. Clin Pediatr
(Phila). 1981;20(9):549–554


46. Rosenfeld RM. Antibiotic prophylaxis for
recurrent acute otitis media. In: Alper CM,
Bluestone CD, eds. Advanced Therapy of
Otitis Media. Hamilton, Canada: BC
Decker; 2004


47. Paradise J, Bernard B, Colborn D, Smith C,
Rockette H; Pittsburgh-area Child De-
velopment/Otitis Media Study Group. Otitis
media with effusion: highly prevalent and
often the forerunner of acute otitis media
during the first year of life [abstract].
Pediatr Res. 1993;33:121A


48. Roland PS, Smith TL, Schwartz SR, et al.
Clinical practice guideline: cerumen im-
paction. Otolaryngol Head Neck Surg.
2008;139(3 suppl 2):S1–S21


49. Shaikh N, Hoberman A, Kaleida PH, Ploof
DL, Paradise JL. Videos in clinical medi-
cine. Diagnosing otitis media—otoscopy
and cerumen removal. N Engl J Med. 2010;
362(20):e62


50. Pichichero ME. Diagnostic accuracy, tym-
panocentesis training performance, and
antibiotic selection by pediatric residents
in management of otitis media. Pediatrics.
2002;110(6):1064–1070


51. Kaleida PH, Ploof DL, Kurs-Lasky M, et al.
Mastering diagnostic skills: Enhancing
Proficiency in Otitis Media, a model for
diagnostic skills training. Pediatrics. 2009;
124(4). Available at: www.pediatrics.org/
cgi/content/full/124/4/e714


52. Kaleida PH, Ploof D. ePROM: Enhancing
Proficiency in Otitis Media. Pittsburgh, PA:
University of Pittsburgh School of Medi-
cine. Available at: http://pedsed.pitt.edu.
Accessed December 31, 2011


53. Innovative Medical Education. A View
Through the Otoscope: Distinguishing
Acute Otitis Media from Otitis Media with
Effusion. Paramus, NJ: Innovative Medical
Education; 2000


54. American Academy of Pediatrics. Section
on Infectious Diseases. A view through the
otoscope: distinguishing acute otitis media
from otitis media with effusion [video].
Available at: http://www2.aap.org/sections/
infectdis/video.cfm. Accessed January 20, 2012


55. Hayden GF, Schwartz RH. Characteristics
of earache among children with acute


e992 FROM THE AMERICAN ACADEMY OF PEDIATRICS
 at Univ of Florida Health Science Center on April 8, 2013pediatrics.aappublications.orgDownloaded from 



http://pediatrics.aappublications.org/





otitis media. Am J Dis Child. 1985;139(7):
721–723


56. Schechter NL. Management of pain asso-
ciated with acute medical illness. In:
Schechter NL, Berde CB, Yaster M, eds.
Pain in Infants, Children, and Adolescents.
Baltimore, MD: Williams & Wilkins; 1993:
537–538


57. Rovers MM, Glasziou P, Appelman CL, et al.
Predictors of pain and/or fever at 3 to 7
days for children with acute otitis media
not treated initially with antibiotics:
a meta-analysis of individual patient data.
Pediatrics. 2007;119(3):579–585


58. Burke P, Bain J, Robinson D, Dunleavey J.
Acute red ear in children: controlled trial
of nonantibiotic treatment in children:
controlled trial of nonantibiotic treatment
in general practice. BMJ. 1991;303(6802):
558–562


59. Sanders S, Glasziou PP, DelMar C, Rovers
M. Antibiotics for acute otitis media in
children [review]. Cochrane Database
Syst Rev. 2009;(2):1–43


60. van Buchem FL, Dunk JH, van’t Hof MA.
Therapy of acute otitis media: myringotomy,
antibiotics, or neither? A double-blind
study in children. Lancet. 1981;2(8252):
883–887


61. Thalin A, Densert O, Larsson A, et al. Is
penicillin necessary in the treatment of
acute otitis media? In: Proceedings of the
International Conference on Acute and
Secretory Otitis Media. Part 1. Amster-
dam, Netherlands: Kugler Publications;
1986:441–446


62. Rovers MM, Glasziou P, Appelman CL, et al.
Antibiotics for acute otitis media: an in-
dividual patient data meta-analysis. Lan-
cet. 2006;368(9545):1429–1435


63. Bertin L, Pons G, d’Athis P, et al. A
randomized, double-blind, multicentre
controlled trial of ibuprofen versus acet-
aminophen and placebo for symptoms of
acute otitis media in children. Fundam
Clin Pharmacol. 1996;10(4):387–392


64. American Academy of Pediatrics.
Committee on Psychosocial Aspects of
Child and Family Health; Task Force on
Pain in Infants, Children, and Adolescents.
The assessment and management of
acute pain in infants, children, and
adolescents. Pediatrics. 2001;108(3):
793–797


65. Bolt P, Barnett P, Babl FE, Sharwood LN.
Topical lignocaine for pain relief in acute
otitis media: results of a double-blind
placebo-controlled randomised trial.
Arch Dis Child. 2008;93(1):40–44


66. Foxlee R, Johansson AC, Wejfalk J, Dawkins
J, Dooley L, Del Mar C. Topical analgesia for


acute otitis media. Cochrane Database Syst
Rev. 2006;(3):CD005657


67. Hoberman A, Paradise JL, Reynolds EA,
Urkin J. Efficacy of Auralgan for treating
ear pain in children with acute otitis
media. Arch Pediatr Adolesc Med. 1997;
151(7):675–678


68. Sarrell EM, Mandelberg A, Cohen HA. Effi-
cacy of naturopathic extracts in the
management of ear pain associated with
acute otitis media. Arch Pediatr Adolesc
Med. 2001;155(7):796–799


69. Sarrell EM, Cohen HA, Kahan E. Naturo-
pathic treatment for ear pain in children.
Pediatrics. 2003;111(5 pt 1):e574–e579


70. Adam D, Federspil P, Lukes M, Petrowicz O.
Therapeutic properties and tolerance of
procaine and phenazone containing ear
drops in infants and very young children.
Arzneimittelforschung. 2009;59(10):504–
512


71. Barnett ED, Levatin JL, Chapman EH, et al.
Challenges of evaluating homeopathic
treatment of acute otitis media. Pediatr
Infect Dis J. 2000;19(4):273–275


72. Jacobs J, Springer DA, Crothers D. Ho-
meopathic treatment of acute otitis media
in children: a preliminary randomized
placebo-controlled trial. Pediatr Infect Dis
J. 2001;20(2):177–183


73. Rosenfeld RM, Bluestone CD. Clinical effi-
cacy of surgical therapy. In: Rosenfeld RM,
Bluestone CD, eds. Evidence-Based Otitis
Media. 2003. Hamilton, Canada: BC Decker;
2003:227–240


74. Rosenfeld RM. Observation option toolkit
for acute otitis media. Int J Pediatr Oto-
rhinolaryngol. 2001;58(1):1–8


75. Le Saux N, Gaboury I, Baird M, et al.
A randomized, double-blind, placebo-
controlled noninferiority trial of amoxi-
cillin for clinically diagnosed acute otitis
media in children 6 months to 5 years of
age. CMAJ. 2005;172(3):335–341


76. Spiro DM, Tay KY, Arnold DH, Dziura JD,
Baker MD, Shapiro ED. Wait-and-see pre-
scription for the treatment of acute otitis
media: a randomized controlled trial.
JAMA. 2006;296(10):1235–1241


77. Neumark T, Mölstad S, Rosén C, et al.
Evaluation of phenoxymethylpenicillin
treatment of acute otitis media in chil-
dren aged 2–16. Scand J Prim Health
Care. 2007;25(3):166–171


78. Chao JH, Kunkov S, Reyes LB, Lichten S,
Crain EF. Comparison of two approaches
to observation therapy for acute otitis
media in the emergency department.
Pediatrics. 2008;121(5). Available at:
www.pediatrics.org/cgi/content/full/121/5/
e1352


79. Spurling GK, Del Mar CB, Dooley L, Foxlee
R. Delayed antibiotics for respiratory
infections. Cochrane Database Syst Rev.
2007;(3):CD004417


80. Koopman L, Hoes AW, Glasziou PP, et al.
Antibiotic therapy to prevent the de-
velopment of asymptomatic middle ear
effusion in children with acute otitis
media: a meta-analysis of individual pa-
tient data. Arch Otolaryngol Head Neck
Surg. 2008;134(2):128–132


81. Marchetti F, Ronfani L, Nibali SC, Tamburlini
G; Italian Study Group on Acute Otitis Me-
dia. Delayed prescription may reduce the
use of antibiotics for acute otitis media:
a prospective observational study in pri-
mary care. Arch Pediatr Adolesc Med. 2005;
159(7):679–684


82. Ho D, Rotenberg BW, Berkowitz RG. The
relationship between acute mastoiditis
and antibiotic use for acute otitis media
in children. Arch Otolaryngol Head Neck
Surg. 2008;34(1):45–48


83. Thompson PL, Gilbert RE, Long PF, Saxena
S, Sharland M, Wong IC. Effect of anti-
biotics for otitis media on mastoiditis in
children: a retrospective cohort study
using the United Kingdom general prac-
tice research database. Pediatrics. 2009;
123(2):424–430


84. American Academy of Family Physicians;
American Academy of Otolaryngology-
Head and Neck Surgery; American Acad-
emy of Pediatrics Subcommittee on Otitis
Media With Effusion. Otitis media with ef-
fusion. Pediatrics. 2004;113(5):1412–1429


85. Rosenfeld RM, Culpepper L, Doyle KJ, et al;
American Academy of Pediatrics Sub-
committee on Otitis Media with Effusion;
American Academy of Family Physicians;
American Academy of Otolaryngology—
Head and Neck Surgery. Clinical practice
guideline: otitis media with effusion. Oto-
laryngol Head Neck Surg. 2004;130(suppl 5):
S95–S118


86. Appelman CL, Claessen JQ, Touw-Otten FW,
Hordijk GJ, de Melker RA. Co-amoxiclav in
recurrent acute otitis media: placebo
controlled study. BMJ. 1991;303(6815):
1450–1452


87. Burke P, Bain J, Robinson D, Dunleavey J.
Acute red ear in children: controlled trial
of nonantibiotic treatment in children:
controlled trial of nonantibiotic treatment
in general practice. BMJ. 1991;303(6802):
558–562


88. van Balen FA, Hoes AW, Verheij TJ, de
Melker RA. Primary care based random-
ized, double blind trial of amoxicillin ver-
sus placebo in children aged under 2
years. BMJ. 2000;320(7231):350–354


PEDIATRICS Volume 131, Number 3, March 2013 e993


FROM THE AMERICAN ACADEMY OF PEDIATRICS


 at Univ of Florida Health Science Center on April 8, 2013pediatrics.aappublications.orgDownloaded from 



http://pediatrics.aappublications.org/





89. Little P, Gould C, Williamson I, Moore M,
Warner G, Dunleavey J. Pragmatic rando-
mised controlled trial of two prescribing
strategies for childhood acute otitis me-
dia. BMJ. 2001;322(7282):336–342


90. Mygind N, Meistrup-Larsen K-I, Thomsen J,
Thomsen VF, Josefsson K, Sørensen H. Pen-
icillin in acute otitis media: a double-blind
placebo-controlled trial. Clin Otolaryngol Al-
lied Sci. 1981;6(1):5–13


91. Kaleida PH, Casselbrant ML, Rockette HE,
et al. Amoxicillin or myringotomy or both
for acute otitis media: results of a ran-
domized clinical trial. Pediatrics. 1991;87
(4):466–474


92. Shaikh N, Hoberman A, Paradise JL, et al.
Responsiveness and construct validity of
a symptom scale for acute otitis media.
Pediatr Infect Dis J. 2009;28(1):9–12


93. Heikkinen T, Chonmaitree T. Importance of
respiratory viruses in acute otitis media.
Clin Microbiol Rev. 2003;16(2):230–241


94. Halsted C, Lepow ML, Balassanian N,
Emmerich J, Wolinsky E. Otitis media.
Clinical observations, microbiology, and
evaluation of therapy. Am J Dis Child.
1968;115(5):542–551


95. Rosenfeld RM, Vertrees J, Carr J, et al.
Clinical efficacy of antimicrobials for
acute otitis media: meta-analysis of 5,400
children from 33 randomized trials. J
Pediatr. 1994;124(3):355–367


96. McCormick DP, Chandler SM, Chonmaitree
T. Laterality of acute otitis media: different
clinical and microbiologic characteristics.
Pediatr Infect Dis J. 2007;26(7):583–588


97. Appelman CLM, Bossen PC, Dunk JHM,
Lisdonk EH, de Melker RA, van Weert
HCPM. NHG Standard Otitis Media Acuta
(Guideline on acute otitis media of the
Dutch College of General Practitioners).
Huisarts Wet. 1990;33:242–245


98. Swedish Medical Research Council.
Treatment for acute inflammation of the
middle ear: consensus statement. Stock-
holm, Sweden: Swedish Medical Research
Council; 2000. Available at: http://soapimg.
icecube.snowfall.se/strama/Konsensut_ora_
eng.pdf. Accessed July 18, 2012


99. Scottish Intercollegiate Guideline Net-
work. Diagnosis and management of
childhood otitis media in primary care.
Edinburgh, Scotland: Scottish Inter-
collegiate Guideline Network; 2000.
Available at: www.sign.ac.uk/guidelines/
fulltext/66/index.html. Accessed July 18,
2012


100. National Institute for Health and Clinical
Excellence, Centre for Clinical Practice.
Respiratory tract infections—antibiotic
prescribing: prescribing of antibiotics for


self-limiting respiratory tract infections in
adults and children in primary care. NICE
Clinical Guideline 69. London, United King-
dom: National Institute for Health and Clini-
cal Excellence; July 2008. Available at: www.
nice.org.uk/CG069. Accessed July 18, 2012


101. Marchisio P, Bellussi L, Di Mauro G, et al.
Acute otitis media: from diagnosis to
prevention. Summary of the Italian
guideline. Int J Pediatr Otorhinolaryngol.
2010;74(11):1209–1216


102. Siegel RM, Kiely M, Bien JP, et al. Treat-
ment of otitis media with observation and
a safety-net antibiotic prescription. Pedi-
atrics. 2003;112(3 pt 1):527–531


103. Pshetizky Y, Naimer S, Shvartzman P. Acute
otitis media—a brief explanation to
parents and antibiotic use. Fam Pract.
2003;20(4):417–419


104. Pichichero ME, Casey JR. Emergence of
a multiresistant serotype 19A pneumo-
coccal strain not included in the 7-valent
conjugate vaccine as an otopathogen in
children. JAMA. 2007;298(15):1772–1778


105. Pichichero ME, Casey JR. Evolving micro-
biology and molecular epidemiology of
acute otitis media in the pneumococcal
conjugate vaccine era. Pediatr Infect Dis J.
2007;26(suppl 10):S12–S16


106. Nielsen HUK, Konradsen HB, Lous J, Frimodt-
Møller N. Nasopharyngeal pathogens in
children with acute otitis media in a low-
antibiotic use country. Int J Pediatr Oto-
rhinolaryngol. 2004;68(9):1149–1155


107. Pitkäranta A, Virolainen A, Jero J, Arruda
E, Hayden FG. Detection of rhinovirus, re-
spiratory syncytial virus, and coronavirus
infections in acute otitis media by reverse
transcriptase polymerase chain reaction.
Pediatrics. 1998;102(2 pt 1):291–295


108. Heikkinen T, Thint M, Chonmaitree T.
Prevalence of various respiratory viruses
in the middle ear during acute otitis me-
dia. N Engl J Med. 1999;340(4):260–264


109. Chonmaitree T. Acute otitis media is not
a pure bacterial disease. Clin Infect Dis.
2006;43(11):1423–1425


110. Williams JV, Tollefson SJ, Nair S, Chonmaitree
T. Association of human metapneumovirus
with acute otitis media. Int J Pediatr
Otorhinolaryngol. 2006;70(7):1189–1193


111. Chonmaitree T, Heikkinen T. Role of viru-
ses in middle-ear disease. Ann N Y Acad
Sci. 1997;830:143–157


112. Klein JO, Bluestone CD. Otitis media. In:
Feigin RD, Cherry JD, Demmler-Harrison
GJ, Kaplan SL, eds. Textbook of Pediatric
Infectious Diseases. 6th ed. Philadelphia,
PA: Saunders; 2009:216–237


113. Chonmaitree T, Revai K, Grady JJ, et al.
Viral upper respiratory tract infection and


otitis media complication in young chil-
dren. Clin Infect Dis. 2008;46(6):815–823


114. Ruohola A, Meurman O, Nikkari S, et al.
Microbiology of acute otitis media in chil-
dren with tympanostomy tubes: prevalences
of bacteria and viruses. Clin Infect Dis. 2006;
43(11):1417–1422


115. Ruuskanen O, Arola M, Heikkinen T, Ziegler
T. Viruses in acute otitis media: increasing
evidence for clinical significance. Pediatr
Infect Dis J. 1991;10(6):425–427


116. Chonmaitree T. Viral and bacterial in-
teraction in acute otitis media. Pediatr
Infect Dis J. 2000;19(suppl 5):S24–S30


117. Nokso-Koivisto J, Räty R, Blomqvist S, et al.
Presence of specific viruses in the middle
ear fluids and respiratory secretions of
young children with acute otitis media. J
Med Virol. 2004;72(2):241–248


118. Bluestone CD, Klein JO. Microbiology. In:
Bluestone CD, Klein JO, eds. Otitis Media in
Infants and Children. 4th ed. Hamilton,
Canada: BC Decker; 2007:101–126


119. Del Beccaro MA, Mendelman PM, Inglis AF,
et al. Bacteriology of acute otitis media:
a new perspective. J Pediatr. 1992;120(1):
81–84


120. Block SL, Harrison CJ, Hedrick JA, et al.
Penicillin-resistant Streptococcus pneu-
moniae in acute otitis media: risk factors,
susceptibility patterns and antimicrobial
management. Pediatr Infect Dis J. 1995;14
(9):751–759


121. Rodriguez WJ, Schwartz RH. Streptococ-
cus pneumoniae causes otitis media with
higher fever and more redness of tym-
panic membranes than Haemophilus
influenzae or Moraxella catarrhalis.
Pediatr Infect Dis J. 1999;18(10):942–944


122. Block SL, Hedrick J, Harrison CJ, et al.
Community-wide vaccination with the
heptavalent pneumococcal conjugate sig-
nificantly alters the microbiology of acute
otitis media. Pediatr Infect Dis J. 2004;23
(9):829–833


123. Casey JR, Pichichero ME. Changes in fre-
quency and pathogens causing acute oti-
tis media in 1995–2003. Pediatr Infect Dis
J. 2004;23(9):824–828


124. McEllistrem MC, Adams JM, Patel K, et al.
Acute otitis media due to penicillin-
nonsusceptible Streptococcus pneumo-
niae before and after the introduction of
the pneumococcal conjugate vaccine. Clin
Infect Dis. 2005;40(12):1738–1744


125. Casey JR, Adlowitz DG, Pichichero ME. New
patterns in the otopathogens causing
acute otitis media six to eight years after
introduction of pneumococcal conjugate
vaccine. Pediatr Infect Dis J. 2010;29(4):
304–309


e994 FROM THE AMERICAN ACADEMY OF PEDIATRICS
 at Univ of Florida Health Science Center on April 8, 2013pediatrics.aappublications.orgDownloaded from 



http://pediatrics.aappublications.org/





126. Grubb MS, Spaugh DC. Microbiology of
acute otitis media, Puget Sound region,
2005–2009. Clin Pediatr (Phila). 2010;49(8):
727–730


127. Revai K, McCormick DP, Patel J, Grady JJ,
Saeed K, Chonmaitree T. Effect of pneu-
mococcal conjugate vaccine on nasopha-
ryngeal bacterial colonization during
acute otitis media. Pediatrics. 2006;117(5):
1823–1829


128. Pettigrew MM, Gent JF, Revai K, Patel JA,
Chonmaitree T. Microbial interactions
during upper respiratory tract infections.
Emerg Infect Dis. 2008;14(10):1584–1591


129. O’Brien KL, Millar EV, Zell ER, et al. Effect
of pneumococcal conjugate vaccine on
nasopharyngeal colonization among im-
munized and unimmunized children in
a community-randomized trial. J Infect Dis.
2007;196(8):1211–1220


130. Jacobs MR, Bajaksouzian S, Windau A,
Good C. Continued emergence of non-
vaccine serotypes of Streptococcus pneu-
moniae in Cleveland. Proceedings of the
49th Interscience Conference on Antimi-
crobial Agents and Chemotherapy; 2009:G1-
G1556


131. Hoberman A, Paradise JL, Shaikh N, et al.
Pneumococcal resistance and serotype
19A in Pittsburgh-area children with acute
otitis media before and after introduction
of 7-valent pneumococcal polysaccharide
vaccine. Clin Pediatr (Phila). 2011;50(2):
114–120


132. Huang SS, Hinrichsen VL, Stevenson AE,
et al. Continued impact of pneumococcal
conjugate vaccine on carriage in young
children. Pediatrics. 2009;124(1). Available
at: www.pediatrics.org/cgi/content/full/
124/1/e1


133. Centers for Disease Control and Pre-
vention (CDC). Licensure of a 13-valent
pneumococcal conjugate vaccine (PCV13)
and recommendations for use among
children—Advisory Committee on Immu-
nization Practices (ACIP), 2010. MMWR
Morb Mortal Wkly Rep. 2010;59(9):258–261


134. Segal N, Givon-Lavi N, Leibovitz E, Yagupsky
P, Leiberman A, Dagan R. Acute otitis me-
dia caused by Streptococcus pyogenes in
children. Clin Infect Dis. 2005;41(1):35–41


135. Luntz M, Brodsky A, Nusem S, et al. Acute
mastoiditis—the antibiotic era: a multi-
center study. Int J Pediatr Otorhinolar-
yngol. 2001;57(1):1–9


136. Nielsen JC. Studies on the Aetiology of
Acute Otitis Media. Copenhagen, Denmark:
Ejnar Mundsgaard Forlag; 1945


137. Palmu AA, Herva E, Savolainen H, Karma P,
Mäkelä PH, Kilpi TM. Association of clinical
signs and symptoms with bacterial find-


ings in acute otitis media. Clin Infect Dis.
2004;38(2):234–242


138. Leibovitz E, Asher E, Piglansky L, et al. Is bi-
lateral acute otitis media clinically different
than unilateral acute otitis media? Pediatr
Infect Dis J. 2007;26(7):589–592


139. Leibovitz E, Satran R, Piglansky L, et al.
Can acute otitis media caused by Hae-
mophilus influenzae be distinguished
from that caused by Streptococcus pneu-
moniae? Pediatr Infect Dis J. 2003;22(6):
509–515


140. Palmu AA, Kotikoski MJ, Kaijalainen TH,
Puhakka HJ. Bacterial etiology of acute
myringitis in children less than two years
of age. Pediatr Infect Dis J. 2001;20(6):
607–611


141. Bodor FF. Systemic antibiotics for treat-
ment of the conjunctivitis-otitis media
syndrome. Pediatr Infect Dis J. 1989;8(5):
287–290


142. Bingen E, Cohen R, Jourenkova N, Gehanno
P. Epidemiologic study of conjunctivitis-
otitis syndrome. Pediatr Infect Dis J.
2005;24(8):731–732


143. Barkai G, Leibovitz E, Givon-Lavi N, Dagan
R. Potential contribution by nontypable
Haemophilus influenzae in protracted and
recurrent acute otitis media. Pediatr In-
fect Dis J. 2009;28(6):466–471


144. Howie VM, Ploussard JH. Efficacy of fixed
combination antibiotics versus separate
components in otitis media. Effectiveness
of erythromycin estrolate, triple sulfon-
amide, ampicillin, erythromycin estolate-
triple sulfonamide, and placebo in 280
patients with acute otitis media under two
and one-half years of age. Clin Pediatr
(Phila). 1972;11(4):205–214


145. Klein JO. Microbiologic efficacy of
antibacterial drugs for acute otitis
media. Pediatr Infect Dis J. 1993;12(12):
973–975


146. Barnett ED, Klein JO. The problem of re-
sistant bacteria for the management of
acute otitis media. Pediatr Clin North Am.
1995;42(3):509–517


147. Tristram S, Jacobs MR, Appelbaum PC.
Antimicrobial resistance in Haemophilus
influenzae. Clin Microbiol Rev. 2007;20(2):
368–389


148. Critchley IA, Jacobs MR, Brown SD, Traczewski
MM, Tillotson GS, Janjic N. Prevalence of
serotype 19A Streptococcus pneumoniae
among isolates from U.S. children in
2005≠2006 and activity of faropenem.
Antimicrob Agents Chemother. 2008;52(7):
2639–2643


149. Jacobs MR, Good CE, Windau AR, et al.
Activity of ceftaroline against emerging
serotypes of Streptococcus pneumoniae.


Antimicrob Agents Chemother. 2010;54(6):
2716–2719


150. Jacobs MR. Antimicrobial-resistant Strep-
tococcus pneumoniae: trends and
management. Expert Rev Anti Infect Ther.
2008;6(5):619–635


151. Piglansky L, Leibovitz E, Raiz S, et al. Bac-
teriologic and clinical efficacy of high
dose amoxicillin for therapy of acute otitis
media in children. Pediatr Infect Dis J.
2003;22(5):405–413


152. Dagan R, Johnson CE, McLinn S, et al.
Bacteriologic and clinical efficacy of
amoxicillin/clavulanate vs. azithromycin in
acute otitis media. Pediatr Infect Dis J.
2000;19(2):95–104


153. Dagan R, Hoberman A, Johnson C, et al.
Bacteriologic and clinical efficacy of high
dose amoxicillin/clavulanate in children
with acute otitis media. Pediatr Infect Dis
J. 2001;20(9):829–837


154. Hoberman A, Dagan R, Leibovitz E, et al.
Large dosage amoxicillin/clavulanate,
compared with azithromycin, for the
treatment of bacterial acute otitis media
in children. Pediatr Infect Dis J. 2005;24
(6):525–532


155. De Wals P, Erickson L, Poirier B, Pépin J,
Pichichero ME. How to compare the effi-
cacy of conjugate vaccines to prevent
acute otitis media? Vaccine. 2009;27(21):
2877–2883


156. Shouval DS, Greenberg D, Givon-Lavi N,
Porat N, Dagan R. Serotype coverage of
invasive and mucosal pneumococcal dis-
ease in Israeli children younger than 3
years by various pneumococcal conjugate
vaccines. Pediatr Infect Dis J. 2009;28(4):
277–282


157. Jones RN, Farrell DJ, Mendes RE, Sader
HS. Comparative ceftaroline activity tested
against pathogens associated with
community-acquired pneumonia: results
from an international surveillance study. J
Antimicrob Chemother. 2011;66(suppl 3):
iii69–iii80


158. Harrison CJ, Woods C, Stout G, Martin B,
Selvarangan R. Susceptibilities of Haemo-
philus influenzae, Streptococcus pneumo-
niae, including serotype 19A, and Moraxella
catarrhalis paediatric isolates from 2005
to 2007 to commonly used antibiotics.
J Antimicrob Chemother. 2009;63(3):511–
519


159. Doern GV, Jones RN, Pfaller MA, Kugler K.
Haemophilus influenzae and Moraxella
catarrhalis from patients with community-
acquired respiratory tract infections: anti-
microbial susceptibility patterns from the
SENTRY antimicrobial Surveillance Pro-
gram (United States and Canada, 1997).


PEDIATRICS Volume 131, Number 3, March 2013 e995


FROM THE AMERICAN ACADEMY OF PEDIATRICS


 at Univ of Florida Health Science Center on April 8, 2013pediatrics.aappublications.orgDownloaded from 



http://pediatrics.aappublications.org/





Antimicrob Agents Chemother. 1999;43(2):
385–389


160. Nussinovitch M, Yoeli R, Elishkevitz K,
Varsano I. Acute mastoiditis in children:
epidemiologic, clinical, microbiologic, and
therapeutic aspects over past years. Clin
Pediatr (Phila). 2004;43(3):261–267


161. Roddy MG, Glazier SS, Agrawal D. Pediatric
mastoiditis in the pneumococcal conju-
gate vaccine era: symptom duration
guides empiric antimicrobial therapy.
Pediatr Emerg Care. 2007;23(11):779–784


162. Hoberman A, Paradise JL, Burch DJ, et al.
Equivalent efficacy and reduced occur-
rence of diarrhea from a new formulation
of amoxicillin/clavulanate potassium (Au-
gmentin) for treatment of acute otitis
media in children. Pediatr Infect Dis J.
1997;16(5):463–470


163. Arguedas A, Dagan R, Leibovitz E, Hoberman
A, Pichichero M, Paris M. A multicenter, open
label, double tympanocentesis study of
high dose cefdinir in children with acute
otitis media at high risk of persistent or
recurrent infection. Pediatr Infect Dis J.
2006;25(3):211–218


164. Atanaskovi�c-Markovi�c M, Velickovi�c TC,
Gavrovi�c-Jankulovi�c M, Vuckovi�c O,
Nestorovi�c B. Immediate allergic reactions
to cephalosporins and penicillins and
their cross-reactivity in children. Pediatr
Allergy Immunol. 2005;16(4):341–347


165. Pichichero ME. Use of selected cepha-
losporins in penicillin-allergic patients:
a paradigm shift. Diagn Microbiol Infect
Dis. 2007;57(suppl 3):13S–18S


166. Pichichero ME, Casey JR. Safe use of se-
lected cephalosporins in penicillin-allergic
patients: a meta-analysis. Otolaryngol
Head Neck Surg. 2007;136(3):340–347


167. DePestel DD, Benninger MS, Danziger L,
et al. Cephalosporin use in treatment of
patients with penicillin allergies. J Am
Pharm Assoc (2003). 2008;48(4):530–540


168. Fonacier L, Hirschberg R, Gerson S. Ad-
verse drug reactions to a cephalosporins
in hospitalized patients with a history of
penicillin allergy. Allergy Asthma Proc.
2005;26(2):135–141


169. Joint Task Force on Practice Parameters;
American Academy of Allergy, Asthma and
Immunology; American College of Allergy,
Asthma and Immunology; Joint Council of
Allergy, Asthma and Immunology. Drug
allergy: an updated practice parameter.
Ann Allergy Asthma Immunol. 2010;105(4):
259–273


170. Powers JL, Gooch WM, III, Oddo LP. Compar-
ison of the palatability of the oral suspen-
sion of cefdinir vs. amoxicillin/clavulanate
potassium, cefprozil and azithromycin in


pediatric patients. Pediatr Infect Dis J. 2000;
19(suppl 12):S174–S180


171. Steele RW, Thomas MP, Bégué RE. Compli-
ance issues related to the selection of
antibiotic suspensions for children.
Pediatr Infect Dis J. 2001;20(1):1–5


172. Steele RW, Russo TM, Thomas MP. Adher-
ence issues related to the selection of
antistaphylococcal or antifungal antibiotic
suspensions for children. Clin Pediatr
(Phila). 2006;45(3):245–250


173. Schwartz RH. Enhancing children’s satis-
faction with antibiotic therapy: a taste
study of several antibiotic suspensions.
Curr Ther Res. 2000;61(8):570–581


174. Green SM, Rothrock SG. Single-dose in-
tramuscular ceftriaxone for acute otitis
media in children. Pediatrics. 1993;91(1):
23–30


175. Leibovitz E, Piglansky L, Raiz S, Press J,
Leiberman A, Dagan R. Bacteriologic and
clinical efficacy of one day vs. three day
intramuscular ceftriaxone for treatment
of nonresponsive acute otitis media in
children. Pediatr Infect Dis J. 2000;19(11):
1040–1045


176. Rosenfeld RM, Kay D. Natural history of
untreated otitis media. Laryngoscope.
2003;113(10):1645–1657


177. Rosenfeld RM, Kay D. Natural history of
untreated otitis media. In: Rosenfeld RM,
Bluestone CD, eds. Evidence-Based Otitis
Media. 2nd ed. Hamilton, Canada: BC
Decker; 2003:180–198


178. Arola M, Ziegler T, Ruuskanen O. Re-
spiratory virus infection as a cause of
prolonged symptoms in acute otitis me-
dia. J Pediatr. 1990;116(5):697–701


179. Chonmaitree T, Owen MJ, Howie VM. Re-
spiratory viruses interfere with bacterio-
logic response to antibiotic in children
with acute otitis media. J Infect Dis. 1990;
162(2):546–549


180. Dagan R, Leibovitz E, Greenberg D,
Yagupsky P, Fliss DM, Leiberman A. Early
eradication of pathogens from middle ear
fluid during antibiotic treatment of acute
otitis media is associated with improved
clinical outcome. Pediatr Infect Dis J.
1998;17(9):776–782


181. Carlin SA, Marchant CD, Shurin PA, Johnson
CE, Super DM, Rehmus JM. Host factors
and early therapeutic response in acute
otitis media. J Pediatr. 1991;118(2):178–
183


182. Teele DW, Pelton SI, Klein JO. Bacteriology
of acute otitis media unresponsive to ini-
tial antimicrobial therapy. J Pediatr. 1981;
98(4):537–539


183. Doern GV, Pfaller MA, Kugler K, Freeman J,
Jones RN. Prevalence of antimicrobial re-


sistance among respiratory tract isolates
of Streptococcus pneumoniae in North
America: 1997 results from the SENTRY
antimicrobial surveillance program. Clin
Infect Dis. 1998;27(4):764–770


184. Leiberman A, Leibovitz E, Piglansky L, et al.
Bacteriologic and clinical efficacy of
trimethoprim-sulfamethoxazole for treat-
ment of acute otitis media. Pediatr Infect
Dis J. 2001;20(3):260–264


185. Humphrey WR, Shattuck MH, Zielinski RJ,
et al. Pharmacokinetics and efficacy of
linezolid in a gerbil model of Streptococ-
cus pneumoniae-induced acute otitis me-
dia. Antimicrob Agents Chemother. 2003;
47(4):1355–1363


186. Arguedas A, Dagan R, Pichichero M, et al.
An open-label, double tympanocentesis
study of levofloxacin therapy in children
with, or at high risk for, recurrent or
persistent acute otitis media. Pediatr In-
fect Dis J. 2006;25(12):1102–1109


187. Noel GJ, Blumer JL, Pichichero ME, et al.
A randomized comparative study of levo-
floxacin versus amoxicillin/clavulanate for
treatment of infants and young children
with recurrent or persistent acute otitis
media. Pediatr Infect Dis J. 2008;27(6):
483–489


188. Howie VM, Ploussard JH. Simultaneous
nasopharyngeal and middle ear exudate
culture in otitis media. Pediatr Digest.
1971;13:31–35


189. Gehanno P, Lenoir G, Barry B, Bons J,
Boucot I, Berche P. Evaluation of naso-
pharyngeal cultures for bacteriologic as-
sessment of acute otitis media in
children. Pediatr Infect Dis J. 1996;15(4):
329–332


190. Cohen R, Levy C, Boucherat M, Langue J,
de La Rocque F. A multicenter, randomized,
double-blind trial of 5 versus 10 days of
antibiotic therapy for acute otitis media in
young children. J Pediatr. 1998;133(5):
634–639


191. Pessey JJ, Gehanno P, Thoroddsen E, et al.
Short course therapy with cefuroxime
axetil for acute otitis media: results of
a randomized multicenter comparison
with amoxicillin/clavulanate. Pediatr In-
fect Dis J. 1999;18(10):854–859


192. Cohen R, Levy C, Boucherat M, et al. Five
vs. ten days of antibiotic therapy for acute
otitis media in young children. Pediatr
Infect Dis J. 2000;19(5):458–463


193. Pichichero ME, Marsocci SM, Murphy ML,
Hoeger W, Francis AB, Green JL. A pro-
spective observational study of 5-, 7-, and
10-day antibiotic treatment for acute otitis
media. Otolaryngol Head Neck Surg. 2001;
124(4):381–387


e996 FROM THE AMERICAN ACADEMY OF PEDIATRICS
 at Univ of Florida Health Science Center on April 8, 2013pediatrics.aappublications.orgDownloaded from 



http://pediatrics.aappublications.org/





194. Kozyrskyj AL, Klassen TP, Moffatt M, Harvey
K. Short-course antibiotics for acute otitis
media. Cochrane Database Syst Rev. 2010;
(9):CD001095


195. Shurin PA, Pelton SI, Donner A, Klein JO.
Persistence of middle-ear effusion after
acute otitis media in children. N Engl J
Med. 1979;300(20):1121–1123


196. Damoiseaux RA, Rovers MM, Van Balen FA,
Hoes AW, de Melker RA. Long-term prog-
nosis of acute otitis media in infancy:
determinants of recurrent acute otitis
media and persistent middle ear effusion.
Fam Pract. 2006;23(1):40–45


197. Leach AJ, Morris PS. Antibiotics for the
prevention of acute and chronic suppu-
rative otitis media in children. Cochrane
Database Syst Rev. 2006;(4):CD004401


198. Teele DW, Klein JO, Word BM, et al; Greater
Boston Otitis Media Study Group. Antimi-
crobial prophylaxis for infants at risk for
recurrent acute otitis media. Vaccine.
2000;19(suppl 1):S140–S143


199. Paradise JL. On tympanostomy tubes: ra-
tionale, results, reservations, and recom-
mendations. Pediatrics. 1977;60(1):86–90


200. McIsaac WJ, Coyte PC, Croxford R, Asche
CV, Friedberg J, Feldman W. Otolaryngolo-
gists’ perceptions of the indications for
tympanostomy tube insertion in children.
CMAJ. 2000;162(9):1285–1288


201. Casselbrandt ML. Ventilation tubes for
recurrent acute otitis media. In: Alper CM,
Bluestone CD, eds. Advanced Therapy of
Otitis Media. Hamilton, Canada: BC Decker;
2004:113–115


202. Shin JJ, Stinnett SS, Hartnick CJ. Pediatric
recurrent acute otitis media. In: Shin JJ,
Hartnick CJ, Randolph GW, eds. Evidence-
Based Otolaryngology. New York, NY:
Springer; 2008:91–95


203. Gonzalez C, Arnold JE, Woody EA, et al.
Prevention of recurrent acute otitis me-
dia: chemoprophylaxis versus tympanos-
tomy tubes. Laryngoscope. 1986;96(12):
1330–1334


204. Gebhart DE. Tympanostomy tubes in the
otitis media prone child. Laryngoscope.
1981;91(6):849–866


205. Casselbrant ML, Kaleida PH, Rockette HE,
et al. Efficacy of antimicrobial prophylaxis
and of tympanostomy tube insertion for
prevention of recurrent acute otitis me-
dia: results of a randomized clinical trial.
Pediatr Infect Dis J. 1992;11(4):278–286


206. El-Sayed Y. Treatment of recurrent acute
otitis media chemoprophylaxis versus
ventilation tubes. Aust J Otolaryngol. 1996;
2(4):352–355


207. McDonald S, Langton Hewer CD, Nunez DA.
Grommets (ventilation tubes) for re-


current acute otitis media in children.
Cochrane Database Syst Rev. 2008;(4):
CD004741


208. Rosenfeld RM, Bhaya MH, Bower CM, et al.
Impact of tympanostomy tubes on child
quality of life. Arch Otolaryngol Head Neck
Surg. 2000;126(5):585–592


209. Witsell DL, Stewart MG, Monsell EM, et al.
The Cooperative Outcomes Group for ENT:
a multicenter prospective cohort study on
the outcomes of tympanostomy tubes for
children with otitis media. Otolaryngol
Head Neck Surg. 2005;132(2):180–188


210. Isaacson G. Six Sigma tympanostomy tube
insertion: achieving the highest safety
levels during residency training. Otolar-
yngol Head Neck Surg. 2008;139(3):353–
357


211. Kay DJ, Nelson M, Rosenfeld RM. Meta-
analysis of tympanostomy tube sequelae.
Otolaryngol Head Neck Surg. 2001;124(4):
374–380


212. Koivunen P, Uhari M, Luotonen J, et al.
Adenoidectomy versus chemoprophylaxis
and placebo for recurrent acute otitis
media in children aged under 2 years:
randomised controlled trial. BMJ. 2004;
328(7438):487


213. Rosenfeld RM. Surgical prevention of otitis
media. Vaccine. 2000;19(suppl 1):S134–
S139


214. Centers for Disease Control and Pre-
vention (CDC). Prevention and control of
influenza with vaccines: recommendations
of the Advisory Committee on Immuniza-
tion Practices (ACIP), 2011. MMWR Morb
Mortal Wkly Rep. 2011;60(33):1128–1132


215. American Academy of Pediatrics Commit-
tee on Infectious Diseases. Recommen-
dations for prevention and control of
influenza in children, 2011–2012. Pediat-
rics. 2011;128(4):813–825


216. Section on Breastfeeding. Breastfeeding
and the use of human milk. Pediatrics.
2012;129(3). Available at: www.pediatrics.
org/cgi/content/full/129/3/e827


217. Pavia M, Bianco A, Nobile CG, Marinelli P,
Angelillo IF. Efficacy of pneumococcal
vaccination in children younger than 24
months: a meta-analysis. Pediatrics. 2009;
123(6). Available at: www.pediatrics.org/
cgi/content/full/123/6/e1103


218. Eskola J, Kilpi T, Palmu A, et al; Finnish
Otitis Media Study Group. Efficacy of
a pneumococcal conjugate vaccine
against acute otitis media. N Engl J Med.
2001;344(6):403–409


219. Black S, Shinefield H, Fireman B, et al;
Northern California Kaiser Permanente
Vaccine Study Center Group. Efficacy,
safety and immunogenicity of heptavalent


pneumococcal conjugate vaccine in
children. Pediatr Infect Dis J. 2000;19(3):
187–195


220. Jacobs MR. Prevention of otitis media:
role of pneumococcal conjugate vaccines
in reducing incidence and antibiotic re-
sistance. J Pediatr. 2002;141(2):287–293


221. Jansen AG, Hak E, Veenhoven RH,
Damoiseaux RA, Schilder AG, Sanders
EA. Pneumococcal conjugate vaccines
for preventing otitis media. Cochrane
Database Syst Rev. 2009;(2):CD001480


222. Fireman B, Black SB, Shinefield HR, Lee J,
Lewis E, Ray P. Impact of the pneumococ-
cal conjugate vaccine on otitis media.
Pediatr Infect Dis J. 2003;22(1):10–16


223. Grijalva CG, Poehling KA, Nuorti JP, et al.
National impact of universal childhood
immunization with pneumococcal conju-
gate vaccine on otitis media. Pediatr Infect
Dis J. 2006;118(3):865–873


224. Zhou F, Shefer A, Kong Y, Nuorti JP. Trends
in acute otitis media-related health care
utilization by privately insured young
children in the United States, 1997–2004.
Pediatrics. 2008;121(2):253–260


225. Poehling KA, Szilagyi PG, Grijalva CG, et al.
Reduction of frequent otitis media and
pressure-equalizing tube insertions in
children after introduction of pneumo-
coccal conjugate vaccine. Pediatrics. 2007;
119(4):707–715


226. Pelton SI. Prospects for prevention of oti-
tis media. Pediatr Infect Dis J. 2007;26
(suppl 10):S20–S22


227. Pelton SI, Leibovitz E. Recent advances in
otitis media. Pediatr Infect Dis J. 2009;28
(suppl 10):S133–S137


228. De Wals P, Erickson L, Poirier B, Pépin J,
Pichichero ME. How to compare the effi-
cacy of conjugate vaccines to prevent
acute otitis media? Vaccine. 2009;27(21):
2877–2883


229. Plasschaert AI, Rovers MM, Schilder AG,
Verheij TJ, Hak E. Trends in doctor con-
sultations, antibiotic prescription, and
specialist referrals for otitis media in
children: 1995–2003. Pediatrics. 2006;117(6):
1879–1886


230. O’Brien MA, Prosser LA, Paradise JL, et al.
New vaccines against otitis media: pro-
jected benefits and cost-effectiveness. Pe-
diatrics. 2009;123(6):1452–1463


231. Hanage WP, Auranen K, Syrjänen R, et al.
Ability of pneumococcal serotypes and
clones to cause acute otitis media: impli-
cations for the prevention of otitis media
by conjugate vaccines. Infect Immun. 2004;
72(1):76–81


232. Prymula R, Peeters P, Chrobok V, et al.
Pneumococcal capsular polysaccharides


PEDIATRICS Volume 131, Number 3, March 2013 e997


FROM THE AMERICAN ACADEMY OF PEDIATRICS


 at Univ of Florida Health Science Center on April 8, 2013pediatrics.aappublications.orgDownloaded from 



http://pediatrics.aappublications.org/





conjugated to protein D for prevention of
acute otitis media caused by both Strep-
tococcus pneumoniae and non-typable
Haemophilus influenzae: a randomised
double-blind efficacy study. Lancet. 2006;
367(9512):740–748


233. Prymula R, Schuerman L. 10-valent pneu-
mococcal nontypeable Haemophilus influ-
enzae PD conjugate vaccine: Synflorix.
Expert Rev Vaccines. 2009;8(11):1479–1500


234. Schuerman L, Borys D, Hoet B, Forsgren A,
Prymula R. Prevention of otitis media: now
a reality? Vaccine. 2009;27(42):5748–5754


235. Heikkinen T, Ruuskanen O, Waris M, Ziegler
T, Arola M, Halonen P. Influenza vaccination
in the prevention of acute otitis media in
children. Am J Dis Child. 1991;145(4):445–
448


236. Clements DA, Langdon L, Bland C, Walter E.
Influenza A vaccine decreases the in-
cidence of otitis media in 6- to 30-month-
old children in day care. Arch Pediatr
Adolesc Med. 1995;149(10):1113–1117


237. Belshe RB, Gruber WC. Prevention of otitis
media in children with live attenu-
ated influenza vaccine given intranasally.
Pediatr Infect Dis J. 2000;19(suppl 5):S66–
S71


238. Marchisio P, Cavagna R, Maspes B, et al.
Efficacy of intranasal virosomal influenza
vaccine in the prevention of recurrent
acute otitis media in children. Clin Infect
Dis. 2002;35(2):168–174


239. Ozgur SK, Beyazova U, Kemaloglu YK, et al.
Effectiveness of inactivated influenza vac-
cine for prevention of otitis media in
children. Pediatr Infect Dis J. 2006;25(5):
401–404


240. Block SL, Heikkinen T, Toback SL, Zheng W,
Ambrose CS. The efficacy of live attenu-
ated influenza vaccine against influenza-
associated acute otitis media in children.
Pediatr Infect Dis J. 2011;30(3):203–207


241. Ashkenazi S, Vertruyen A, Arístegui J, et al;
CAIV-T Study Group. Superior relative effi-
cacy of live attenuated influenza vaccine
compared with inactivated influenza vac-
cine in young children with recurrent re-
spiratory tract infections. Pediatr Infect
Dis J. 2006;25(10):870–879


242. Belshe RB, Edwards KM, Vesikari T, et al;
CAIV-T Comparative Efficacy Study Group.
Live attenuated versus inactivated in-
fluenza vaccine in infants and young
children [published correction appears in
N Engl J Med. 2007;356(12):1283]. N Engl
J Med. 2007;356(7):685–696


243. Bracco Neto H, Farhat CK, Tregnaghi MW,
et al; D153-P504 LAIV Study Group. Efficacy
and safety of 1 and 2 doses of live atten-
uated influenza vaccine in vaccine-naive


children. Pediatr Infect Dis J. 2009;28(5):
365–371


244. Tam JS, Capeding MR, Lum LC, et al;
Pan-Asian CAIV-T Pediatric Efficacy Trial
Network. Efficacy and safety of a live atten-
uated, cold-adapted influenza vaccine, tri-
valent against culture-confirmed influenza
in young children in Asia. Pediatr Infect Dis
J. 2007;26(7):619–628


245. Vesikari T, Fleming DM, Aristegui JF, et al;
CAIV-T Pediatric Day Care Clinical Trial
Network. Safety, efficacy, and effective-
ness of cold-adapted influenza vaccine-
trivalent against community-acquired,
culture-confirmed influenza in young
children attending day care. Pediatrics.
2006;118(6):2298–2312


246. Forrest BD, Pride MW, Dunning AJ, et al.
Correlation of cellular immune re-
sponses with protection against culture-
confirmed influenza virus in young chil-
dren. Clin Vaccine Immunol. 2008;15(7):
1042–1053


247. Lum LC, Borja-Tabora CF, Breiman RF, et al.
Influenza vaccine concurrently adminis-
tered with a combination measles,
mumps, and rubella vaccine to young
children. Vaccine. 2010;28(6):1566–1574


248. Belshe RB, Mendelman PM, Treanor J, et al.
The efficacy of live attenuated, cold-adapted,
trivalent, intranasal influenzavirus vaccine
in children. N Engl J Med. 1998;338(20):
1405–1412


249. Daly KA, Giebink GS. Clinical epidemiology
of otitis media. Pediatr Infect Dis J. 2000;
19(suppl 5):S31–S36


250. Duncan B, Ey J, Holberg CJ, Wright AL,
Martinez FD, Taussig LM. Exclusive breast-
feeding for at least 4 months protects
against otitis media. Pediatrics. 1993;91(5):
867–872


251. Duffy LC, Faden H, Wasielewski R, Wolf J,
Krystofik D. Exclusive breastfeeding pro-
tects against bacterial colonization and
day care exposure to otitis media. Pediatrics.
1997;100(4). Available at: www.pediatrics.org/
cgi/content/full/100/4/e7


252. Paradise JL. Short-course antimicrobial
treatment for acute otitis media: not best
for infants and young children. JAMA.
1997;278(20):1640–1642


253. Scariati PD, Grummer-Strawn LM, Fein SB.
A longitudinal analysis of infant morbidity
and the extent of breastfeeding in the
United States. Pediatrics. 1997;99(6).
Available at: www.pediatrics.org/cgi/content/
full/99/6/e5


254. McNiel ME, Labbok MH, Abrahams SW.
What are the risks associated with for-
mula feeding? A re-analysis and review.
Breastfeed Rev. 2010;18(2):25–32


255. Chantry CJ, Howard CR, Auinger P. Full
breastfeeding duration and associated
decrease in respiratory tract infection in
US children. Pediatrics. 2006;117(2):425–
432


256. Hatakka K, Piirainen L, Pohjavuori S,
Poussa T, Savilahti E, Korpela R. Factors
associated with acute respiratory illness
in day care children. Scand J Infect Dis.
2010;42(9):704–711


257. Ladomenou F, Kafatos A, Tselentis Y,
Galanakis E. Predisposing factors for
acute otitis media in infancy. J Infect.
2010;61(1):49–53


258. Ladomenou F, Moschandreas J, Kafatos A,
Tselentis Y, Galanakis E. Protective effect
of exclusive breastfeeding against
infections during infancy: a prospective
study. Arch Dis Child. 2010;95(12):1004–
1008


259. Duijts L, Jaddoe VW, Hofman A, Moll HA.
Prolonged and exclusive breastfeeding
reduces the risk of infectious diseases in
infancy. Pediatrics. 2010;126(1). Available
at: www.pediatrics.org/cgi/content/full/
126/1/e18


260. Best D; Committee on Environmental
Health; Committee on Native American
Child Health; Committee on Adolescence.
From the American Academy of Pediatrics:
technical report—secondhand and pre-
natal tobacco smoke exposure. Pediatrics.
2009;124(5). Available at: www.pediatrics.
org/cgi/content/full/124/5/e1017


261. Etzel RA, Pattishall EN, Haley NJ, Fletcher
RH, Henderson FW. Passive smoking
and middle ear effusion among children
in day care. Pediatrics. 1992;90(2 pt 1):
228–232


262. Ilicali OC, Keleş N, De�ger K, Savaş I. Re-
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Objectives After completing this article, readers should be able to:


1. Recognize the clinical presentation of bronchiolitis.
2. Be aware of the recommendations made in the current American Academy of


Pediatrics clinical practice guideline for diagnosis and management of bronchiolitis.
3. Describe the role of laboratory testing in the diagnosis of bronchiolitis.
4. Delineate the efficacy of current therapeutic interventions in the treatment of


bronchiolitis.
5. Discuss the evaluation for serious bacterial infections in patients who have


bronchiolitis.
6. Outline the prognosis and risk of recurrent wheezing in patients diagnosed with


bronchiolitis.


Introduction
Bronchiolitis, defined as inflammation of the bronchioles, usually is caused by an acute viral
infection. Viral bronchiolitis is the most common lower respiratory tract infection in
infants and children who are 2 years of age and younger. The most commonly identified
infectious agent is the respiratory syncytial virus (RSV). Other identified pathogens include
adenovirus, human metapneumovirus, influenza virus, and parainfluenza virus.


The pathophysiology of bronchiolitis begins with an acute infection of the epithelial
cells lining the small airways within the lungs. Such infection results in edema, increased
mucus production, and eventual necrosis and regeneration of these cells. The clinical
presentation of bronchiolitis includes rhinitis, cough, tachypnea, use of accessory respira-
tory muscles, hypoxia, and variable wheezing and crackles on auscultation.


The evaluation and management of bronchiolitis varies substantially. Although bron-
chiolitis is a well-recognized clinical syndrome, additional tests such as viral isolation,
blood serology, and chest radiographs often are ordered, although they have little impact
on diagnosis. Most clinical interventions have no significant impact on length of hospital
stay, severity of clinical course, or subsequent outcomes such as episodes of recurrent
wheezing or ultimate diagnosis of asthma. In 2006, the American Academy of Pediatrics
(AAP) released a clinical practice guideline for the diagnosis, testing, and management
of bronchiolitis (Table 1). (1) These recommendations are based on current available
evidence and expert opinion where necessary (Table 2). Adherence to the AAP clinical
practice guideline can decrease unnecessary diagnostic testing, focus practitioners on
effective therapeutic interventions, and provide appropriate anticipatory guidance for
families who are caring for a child who has bronchiolitis.


Epidemiology
Infection with RSV, the most common cause of bronchiolitis, leads to more than 90,000
hospitalizations annually. (2) The cost of such hospitalizations for children younger
than 1 year of age has been estimated to be more than $700 million. Hospitalization for
bronchiolitis in the United States has been increasing over the past decade. For most
previously well patients, bronchiolitis is a self-limited disease that responds well to
supportive care within the home. However, young patients and patients who have
pre-existing medical conditions form a vulnerable population that may require inpatient
admission.


*Assistant Professor, Pediatrics, Doernbecher Children’s Hospital, Oregon Health & Science University, Portland, Ore.
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Table 1. Summary of American Academy of Pediatrics Clinical Practice
Guidelines for Diagnosis and Management of Bronchiolitis


Recommendation Summary Statement
Evidence
Level


Recommendation 1 a Clinicians should diagnose bronchiolitis based on history and
physical findings without routine laboratory and radiologic
studies


Recommendation Level B


Recommendation 1 b Clinicians should assess risk factors for severe disease
including age <12 wk, prematurity, cardiopulmonary
disease, and immunodeficiency


Recommendation Level B


Recommendation 2 a Bronchodilators should not be used routinely in the
management of bronchiolitis


Recommendation Level B


Recommendation 2 b A monitored trial of alpha-adrenergic or beta-adrenergic is an
option, with continuation only if a response is documented


Option Level B


Recommendation 3 Corticosteroid medications should not be used routinely in the
management of bronchiolitis


Recommendation Level B


Recommendation 4 Ribavirin should not be used routinely in children who have
bronchiolitis


Recommendation Level B


Recommendation 5 Antibacterial medications are indicated only for treatment of
coexisting bacterial infection


Recommendation Level B


Recommendation 6 a Clinicians should assess hydration status and ability to take
fluids orally


Strong
Recommendation


Level X


Recommendation 6 b Chest physiotherapy should not be used in the management
of bronchiolitis


Recommendation Level B


Recommendation 7 a Supplemental oxygen is indicated if oxyhemoglobin saturation
persistently falls below 90%


Option Level D


Recommendation 7 b As the child’s clinical course improves, continuous monitoring
of SpO2 is not needed routinely


Option Level D


Recommendation 7 c Infants who have a known history of prematurity, lung
disease, or hemodynamically significant heart disease
require close monitoring during oxygen weaning


Strong
Recommendation


Level B


Recommendation 8 a Clinicians may administer palivizumab to infants who have a
history of prematurity, chronic lung disease, or congenital
heart disease


Recommendation Level A


Recommendation 8 b Palivizumab should be given in five monthly doses beginning
in November or December at a dose of 15 mg/kg per dose
intramuscularly


Recommendation Level C


Recommendation 9 a Hand decontamination is the most important step in
preventing nosocomial spread of respiratory syncytial virus


Strong
Recommendation


Level B


Recommendation 9 b Alcohol rubs are preferred for hand decontamination Recommendation Level B
Recommendation 10 a Infants should not be exposed to passive smoking Strong


Recommendation
Level B


Recommendation 10 b Breastfeeding is recommended to decrease a child’s risk of
having lower respiratory tract infection


Recommendation Level C


Recommendation 11 Clinicians should inquire about use of complementary
alternative medicine


Option Level D


Level A�Well-designed randomized clinical trials or diagnostic studies on relevant populations
Level B�Randomized clinical trials or diagnostic studies with minor limitations; overwhelmingly consistent evidence from observational studies
Level C�Observational studies (case control and cohort design)
Level D�Expert opinion, case reports reasoning from first principles
Level X�Exceptional situations in which validating studies cannot be performed and there is a clear preponderance of benefit or harm
Spo2�oxygen saturation by pulse oximetry
From Subcommittee on Diagnosis and Management of Bronchiolitis. Diagnosis and management of bronchiolitis. Pediatrics. 2006;118:1774–1793.
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The most common risk factor for hospitalization is
age. Most inpatient admissions are patients younger
than 1 year of age. Infants younger than 3 months of age
are at increased risk for apnea and severe respiratory
distress. Prematurity is another important risk factor
for severe bronchiolitis, especially if associated with a
previous diagnosis of neonatal respiratory distress syn-
drome. Children who have unrepaired congenital heart
disease, particularly if associated with pulmonary over-
circulation, and children afflicted with chronic lung dis-
ease have diminished pulmonary reserve, thereby in-
creasing the chance for hospitalization during an episode
of acute bronchiolitis. Children born with airway ab-
normalities such as laryngomalacia, tracheomalacia, and
cleft lip or palate may need supportive care to manage a
bronchiolitis-associated increase in upper airway secre-
tions. Patients who have neurologic abnormalities with
associated dystonia also may need additional support for
secretion management.


Improved recognition and advances in critical care
support have decreased mortality over the past 20 years.
RSV-associated deaths are rare, accounting for fewer
than 500 deaths per year in the United States. Although
children who have the pre-existing medical conditions
listed previously are at increased risk for severe bronchi-
olitis, most RSV-associated deaths occur in children who
have no pre-existing medical conditions.


Diagnosis
Bronchiolitis should be diagnosed on the basis of history
and physical examination. Routine laboratory or radio-
logic studies are not recommended to support the diag-
nosis. Patients commonly present with a history of recent
upper respiratory tract symptoms. Lower respiratory
tract findings, which include cough, tachypnea, and in-
creased work of breathing, follow the upper respiratory


prodrome. Physical findings on visual inspection include
nasal congestion, rhinorrhea, cough, tachypnea, and in-
creased respiratory effort. Nasal flaring; grunting; and
intercostal, supracostal, and subcostal retractions dem-
onstrate increased respiratory effort.


Upper airway obstruction can contribute significantly
to increased work of breathing. Nasal suctioning and
repositioning may help decrease respiratory effort and
allow a more accurate assessment of lower respiratory
tract involvement. Auscultation reveals a variety of find-
ings, including crackles, wheezes, and referred upper
airway noise. In very young infants, especially those who
have a history of prematurity, apnea alone may be the
presenting sign as well as a complication of bronchiolitis.


The clinical presentation of bronchiolitis can range
from mild tachypnea to impending respiratory failure.
Physical findings reflect the dynamic nature of the dis-
ease. Significant variability between serial examinations is
common. An elevated respiratory rate is the earliest and
most sensitive vital sign change. In addition, patients may
have tachycardia due to dehydration and variable degrees
of hypoxemia. Currently, no robustly supported guide-
lines for vital sign parameters or physical findings that
correlate with clinical outcomes exist, likely due to the
high variability of physical findings in affected patients.
Respiratory rate, work of breathing, and hypoxia are the
most clinically significant parameters in determining ill-
ness severity and should be assessed routinely in all
patients who have bronchiolitis.


The course of bronchiolitis follows a characteristic
pattern. Patients can be expected to have worsening
clinical symptoms, with peak symptomatology around
day 3 to 4 of illness. “Day of illness” is an important
variable in providing anticipatory guidance for out-
patient management and in making decisions regarding
admission and discharge of patients.


Table 2. Guideline Definitions and Evidence Quality
Statement Definition Implication


Strong Recommendation Anticipated benefits of recommended
intervention exceed harms; quality of
supporting evidence is excellent


Clinicians should follow unless compelling
rationale for alternative approach is present


Recommendation Anticipated benefits exceed potential harm;
quality of supporting evidence is not as
strong


Clinicians would be prudent to follow
recommendation; should remain alert to
new information and patient preference


Option Evidence has not shown clear advantage of
one approach over another


Clinicians should consider the option; patient
preference may have substantial role


No Recommendation Lack of evidence required to make
recommendation


Clinicians should be alert to new published
evidence


From Subcommittee on Diagnosis and Management of Bronchiolitis. Diagnosis and management of bronchiolitis. Pediatrics. 2006;118:1774–1793.
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Chest radiographs are not recommended routinely for
diagnosis. Patients who have bronchiolitis often have
abnormal-appearing radiographs. Common findings in-
clude hyperinflation, areas of atelectasis, and infiltrates
(Figure). These findings do not correlate with disease
severity and do not guide management. In addition,
abnormal chest radiologic findings may prompt the use
of unnecessary antibiotics for a perceived primary or
concurrent bacterial pneumonia, which is rare in viral
bronchiolitis.


Viral studies are not recommended for the diagnosis
of bronchiolitis, and antiviral agents are not recom-
mended in its treatment. Hence, the identification of the
particular infectious agent does not affect clinical man-
agement. Because many infectious agents can cause the
same clinical presentation, viral studies are useful if the
information is needed for cohorting patients infected by
the same viral pathogen. Isolation procedures should be
based on clinical signs, regardless of viral testing.


Patients older than 60 days of age who have bronchi-
olitis and fever have a low risk of serious bacterial infec-
tion (SBI). This fact should reassure the practitioner that
additional laboratory evaluation and use of antibiotics are
not needed in routine cases.


Infants younger than 60 days of age who have clinical
bronchiolitis and fever often are admitted to the hospital
and receive a full sepsis evaluation for potential SBIs such
as urinary tract infections, bacteremia, and meningitis.
Evaluation and treatment for sepsis has been associated
with parental dissatisfaction, increasing antibiotic resis-
tance, and iatrogenic complications. There are no cur-


rent guidelines for the management of young febrile
infants who have obvious viral infections, including
bronchiolitis. Recent literature has demonstrated that
infants who present with fever and are diagnosed as
having bronchiolitis are at decreased risk for SBIs com-
pared with infants who present with fever alone. (3)(4)
(5)(6)(7) Most of these studies are retrospective and
based on small numbers of febrile infants younger than
60 days of age.


Management of clinical bronchiolitis in young febrile
infants remains controversial. The largest prospective
study examining the occurrence of SBIs in febrile infants
younger than 60 days of age who had bronchiolitis
concluded that such infants have a low but potential risk
for concurrent SBIs. (3) Urinary tract infections are the
most commonly diagnosed concurrent SBI.


Based on the current literature, the risk of SBI among
infants 30 days of age or younger remains substantial and
is unchanged by the diagnosis of bronchiolitis. Such
patients should continue to receive conservative manage-
ment for fever, including full evaluation for SBI and
administration of empiric antibiotics. Recognition that
infants older than 30 days who have clinical bronchiolitis
are at a lower risk for SBIs may allow for decreased
invasive testing and observation without administering
antibiotics to patients who have classic presentations.
Viral testing may provide additional reassurance to prac-
titioners electing to observe without administering anti-
biotics. Further studies that have large cohorts of young
febrile infants are needed to examine the relationship
between bronchiolitis and concurrent SBIs in the young-
est febrile infants.


Management
Possible therapeutic interventions for bronchiolitis are
multiple: bronchodilators, corticosteroids, antiviral
agents, antibacterial agents, chest physiotherapy, nasal
suction, and decongestant drops have been used. Despite
this extensive list, none of these therapies have demon-
strated significant impact on duration of illness, severity
of clinical course, or subsequent clinical outcomes, such
as postbronchiolitis wheezing. (8) Newer management
strategies for bronchiolitis clearly emphasize supportive
care, with hydration and oxygenation as the primary
therapeutic interventions.


All infants who have bronchiolitis require assessment
of hydration status. Elevated respiratory rate, copious
secretions, fever, and poor feeding all contribute to de-
hydration. Patients may require intravenous fluid rehy-
dration and continued intravenous fluid or nasogastric
feedings until feeding improves. Bronchiolitis has been


Figure. Chest radiograph of infant who has respiratory syn-
cytial virus bronchiolitis, demonstrating hyperinflation and
small areas of patchy, bilateral atelectasis.
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described as an independent stimulus for antidiuretic
hormone release and may put patients at risk for iatro-
genic hyponatremia if given hypotonic fluids. Use of
isotonic fluids for such patients may be beneficial in
decreasing the risk for iatrogenic hyponatremia. (9)(10)
Patients who have severe bronchiolitis may benefit from
nasogastric feeding for nutrition support until feeding
improves.


Bronchiolitis is characterized by variable hypoxemia
resulting from impaired diffusion across the blood-gas
membrane as well as ventilation-perfusion mismatch
caused by heterogeneous plugging of distal bronchioles.
Oxygen administration is a key therapeutic intervention.
The ultimate goal of maintaining normal blood oxygen
saturation is to prevent hypoxia or insufficient delivery of
oxygen to metabolically active tissue. Debate within the
literature regarding the lower limit of tolerated satura-
tions for patients who have a primary respiratory process
is significant. Some authors have advocated a pulse oxim-
etry saturation range of 92% or higher in a previously well
patient. Others have stated that pulse oximetry satura-
tions higher than 90% are acceptable, noting that this
saturation still is associated with appropriate oxygen de-
livery on the oxyhemoglobin dissociation curve. The
need and duration of supplemental oxygen should be
based on a complete assessment of the patient.


The day of illness can guide practitioners in determin-
ing if the patient requires an increase or decrease in
supportive care, including oxygen therapy. As expected
on day 3 or 4, a clinically improving patient may experi-
ence intermittent decreases in pulse oximetry saturation,
which should not prompt automatic continuation or
reinitiation of oxygen supplementation. Reinitiation of
oxygen therapy often is associated with prolonged hos-
pitalization and may not offer significant benefit. Oxygen
should be discontinued once pulse oximetry saturations
rise to between 90% and 92% for most of the time and the
patient is demonstrating overall clinical improvement, as
evidenced by adequate feeding and improved work of
breathing.


Variability in the use and interpretation of pulse oxim-
etry in patients who have bronchiolitis is wide. The
obvious advantage of pulse oximetry is rapid assessment
of oxygenation without invasive testing. The disadvan-
tages include variation in product accuracy, motion arti-
fact, and decreased sensitivity in patients who have poor
perfusion. Although pulse oximetry readings often are
instrumental in determining the need for admission, use
of continuous monitoring has been associated with un-
necessary increased length of hospital stay for patients
who have bronchiolitis. In addition, after many days of


continuous monitoring, many parents feel uncomfort-
able taking the child home and may request a home
monitor. There are no guidelines for the use of pulse
oximetry in patients who have bronchiolitis but have no
prior history of chronic illness.


Two strategies that may minimize unwanted conse-
quences of prolonged monitoring in the hospital setting
are: 1) scheduled spot checks along with measurement of
vital signs and unscheduled checks when clinically indi-
cated or 2) scheduled spot checks after a fixed period of
monitoring. Continuous pulse oximetry monitoring
should be reserved for those who previously required
continuous oxygen supplementation, those who have
risk factors for apnea, and those who have underlying
cardiopulmonary conditions. Similar to pulse oximetry,
there are no guidelines for cardiac monitoring of patients
who have bronchiolitis. Cardiopulmonary monitoring
may be considered in select patients, such as infants who
have had episodes of apnea that may be associated with
bradycardia or patients who have underlying cardiac
conditions.


The AAP does not recommend use of bronchodilators
in the routine treatment of bronchiolitis. A monitored
trial of a bronchodilator may be considered but should be
continued only if a clinical response is documented.
Epinephrine and albuterol are the bronchodilators used
most commonly. Epinephrine has been associated with
slightly better temporary clinical improvement than al-
buterol. This effect likely is due to the alpha-adrenergic-
mediated vasoconstriction that may aid in decreasing
nasal congestion. Epinephrine should be reserved for
hospitalized patients or those being evaluated in the
emergency department. Epinephrine is not recom-
mended in the outpatient setting due to limited data
regarding safety with unmonitored administration. Al-
buterol is the recommended bronchodilator for contin-
ued therapy in the outpatient setting. (11)


If an improvement in clinical status is documented,
continued treatment with bronchodilator therapy might
be considered. A good clinical response to bronchodila-
tor therapy may manifest as diminished work of breath-
ing, decrease in respiratory rate, and improvement in
hypoxemia. Many institutions have bronchiolitis-specific
assessment tools to assess these and other clinical vari-
ables in response to medical interventions. An important
area of research is development of a robust bronchiolitis
scoring tool predictive of clinical course and outcome.


Corticosteroid medications, inhaled or administered
systemically, should not be used in the treatment of
bronchiolitis. Ambiguity regarding their use has resulted
from a heterogeneous and at times difficult-to-interpret
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body of medical literature. Previously, studies of cortico-
steroid use in bronchiolitis have suffered from interstudy
design variability and wide variation in study sample size.
However, an inclusive Cochrane database review on the
use of corticosteroids for acute bronchiolitis concluded
that there is no significant difference in length of stay
or severity of disease for patients receiving such therapy.
(12) The review included randomized clinical trials and
involved nearly 1,200 patients who had bronchiolitis.
Further, steroids have a well-established undesirable ad-
verse effect profile. Based on current available evidence,
corticosteroids should not be used to treat bronchiolitis.


Ribavirin should not be used routinely in the treat-
ment of bronchiolitis; trials have demonstrated variable
outcomes. Although some of the studies have shown
benefit, this finding has not been consistent. Also, many
of the studies have suffered from small sample size and
variable design quality. Ultimately, high cost, difficult
administration, and lack of robust evidence of benefit
have limited the role of this therapy. Additional research
into more cost-effective agents that are administered
more easily may result in a more significant role for antiviral
agents in the treatment of RSV bronchiolitis. Ribavirin may
be considered in select situations of severe bronchiolitis.
Examples include patients whose medical conditions are
pre-existing, such as organ transplantation, malignancy, or
congenital immunodeficiencies, or patients who remain
critically ill despite maximized support.


Because RSV causes most cases of bronchiolitis,
influenza-associated bronchiolitis represents a unique, small
subset of affected patients. Treatment of influenza infection
with antiviral medications may decrease the severity of
symptoms and associated complications, especially if initi-
ated within the first 48 hours of presentation. The two
classes of anti-influenza medications include the adaman-
tanes (amantadine and rimantadine) and the neuraminidase
inhibitors (oseltamivir and zanamivir). The adamantanes no
longer are recommended as treatment for influenza due to
their lack of activity against influenza B strains and increased
resistance by influenza A strains.


The Centers for Disease Control and Prevention
(CDC) now recommends oseltamivir, approved for use
in children older than 1 year of age, and zanamivir,
approved for children older than 5 years of age, for the
treatment of influenza infection. Challenges in maintain-
ing safe and effective anti-influenza medications under-
score the importance of annual influenza vaccinations.
Viral testing and initiation of influenza-directed therapy
should be considered only when the clinical presenta-
tion, in addition to surveillance reports in the commu-
nity, suggests a high positive predictive value for influ-
enza infection.


Antibacterial agents have no impact on viral bronchi-
olitis and should be used only in patients diagnosed with
a concurrent bacterial infection. Acute otitis media
(AOM) is the concurrent bacterial infection diagnosed
most commonly. Although otitis media with middle ear
effusion (OME) may be caused by the viral infection
itself, no reliable physical characteristics allow the clini-
cian to distinguish between a viral and bacterial OME.
Hence, treatment should follow current AAP guidelines,
which emphasize the use of key physical findings, includ-
ing tympanic membrane position and mobility, distor-
tion of light reflex, and disappearance of translucency to
differentiate between AOM and nonbacterial OME.


Initiation of antibiotic therapy for suspected AOM
should be based on patient age, severity of illness, and
diagnostic certainty. Patients younger than 6 months of


age should receive amoxicillin
80 mg/kg per day divided into two
doses for 7 to 10 days. Patients
older than 6 months of age and
younger than 2 years of age should
receive treatment if diagnostic cer-
tainty is strong but may be consid-
ered for observation if the infection
is not severe. Many physicians elect
to provide such patients with a
“safety scrip” for antibiotics, should


symptoms worsen. Patients older than 2 years of age
should receive antibiotic treatment only if the diagnostic
certainty is strong and the infection severe.


Chest physiotherapy should not be used to treat bron-
chiolitis. As described previously, the pathophysiology of
bronchiolitis involves infection of the epithelial cells lining
the small airways. This process is diffuse, causing heteroge-
neous regions of perfusion-ventilation mismatch that are
unaffected by regional chest physiotherapy.


Nasal suction often is used to relieve upper airway
obstruction. Suctioning may increase comfort and im-
prove feeding. However, excessive suction can be associ-


Because RSV causes most cases
of bronchiolitis, influenza-associated
bronchiolitis represents a unique, small
subset of affected patients.
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ated with nasal edema and lead to additional obstruction.
Judicious nasal suction is most beneficial before feeding
and in response to copious secretions. No evidence exists
to support “deep” suctioning of the lower pharynx.


Nasal decongestant drops have been used to manage
upper airway obstruction, but no evidence supports the
use of such medications. Various components of the
medications have been shown to be harmful in adult
patients, and there is no significant information regard-
ing their use in pediatric patients. Lack of efficacy and
potentially harmful adverse effects prompted the United
States Food and Drug Administration to issue a public
health advisory in January 2008 strongly stating that
over-the-counter cough and cold products, including
nasal decongestants, should not be used for infants and
children younger than 2 years of age. Many manufactur-
ers have withdrawn pediatric cough and cold prepara-
tions voluntarily from the market. Nasal decongestants
should not be used to treat bronchiolitis.


Prevention
Administration of palivizumab, a monoclonal antibody
(immunoglobulin G) directed against RSV, to select
groups of infants might prevent hospitalization for bron-
chiolitis. These groups include infants who have a history
of prematurity, infants who have chronic lung disease,
and infants born with hemodynamically significant con-
genital heart disease (Table 3).


Because the risk of severe bronchiolitis increases with
degree of prematurity, recommended guidelines are
stratified into categories of prematurity. Infants born at
28 weeks’ gestation or less benefit from protection
throughout their first bronchiolitis season and should


receive prophylaxis whenever bronchiolitis occurs in the
community throughout their first postnatal year. Infants
born at 29 through 32 weeks’ gestation receive the most
benefit during the first 6 postnatal months. Should a
patient qualify for initiation of prophylaxis at the start of
the bronchiolitis season, he or she should continue to
receive prophylaxis throughout the remainder of the
season. Patients born at 32 through 35 weeks’ gestation
should be considered for prophylaxis if they are younger
than 6 months of age at the beginning of the bronchioli-
tis season and have at least two of the following risk
factors: child care attendance, school-age siblings, expo-
sure to environmental air pollutants, congenital abnor-
malities of the airway, or severe neuromuscular disease.


Palivizumab prophylaxis should be considered for
patients younger than 2 years of age who have chronic
lung disease and have required medical therapy, includ-
ing supplemental oxygen, diuretic use, and bronchodila-
tor or corticosteroid therapy, within 6 months before the
bronchiolitis season. Select patients who have severe
chronic lung disease may benefit from prophylaxis during
subsequent seasons. However, the effectiveness of palivi-
zumab beyond the second postnatal year is unknown.
Consulting with a pulmonologist is suggested before
initiating prophylaxis in this older age group.


All children younger than 2 years of age who have
hemodynamically significant congenital heart disease of
either cyanotic or acyanotic form may benefit from palivi-
zumab prophylaxis. Among those who have congenital
heart disease, children who receive the most benefit are
those younger than 2 years of age who currently are
receiving medication to control congestive heart failure,


Table 3. Palivizumab Prophylaxis Guidelines
Prematurity


<28 weeks gestational age Prophylaxis recommended throughout first postnatal year
29 to 32 weeks gestational age Prophylaxis recommended throughout first 6 postnatal months
32 to 35 weeks gestational age Consider if infant is younger than 6 months of age and has two of


the following risk factors: child care attendance, school-age
siblings, exposure to environmental air pollutants, congenital
abnormalities of the airway, or severe neuromuscular disease


Chronic lung disease Prophylaxis recommended for patients <2 years who have chronic
lung disease and have required medical therapy, including
supplemental oxygen, diuretics, or bronchodilator or
corticosteroid therapy, within 6 months of bronchiolitis season


Hemodynamically significant congenital
heart disease


Prophylaxis recommended for patients <2 years of age who have
cyanotic congenital heart disease or pulmonary hypertension or
patients receiving medication to control congestive heart failure


From American Academy of Pediatrics. Respiratory syncytial virus. In: Pickering LK, Baker CJ, Kimberlin DW, Long SS, eds. Red Book. 2009 Report of the
Committee on Infectious Diseases. 28th ed. Elk Grove Village, Ill: American Academy of Pediatrics; 2009:560–569.
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those who have moderate-to-severe pulmonary hyper-
tension, and those who have cyanotic heart disease.


Palivizumab prophylaxis should be administered in
five monthly doses beginning in November or December
at a dose of 15 mg/kg per dose. This recommended
schedule accommodates the national variation in bron-
chiolitis seasons. The primary benefit of prophylaxis is a
decrease in the rate of RSV-associated hospitalization.
No studies have demonstrated a significant decrease in
mortality among patients who received palivizumab pro-
phylaxis. Additionally, palivizumab is not effective in the
treatment of an acute RSV infection.


Despite decreased rates of hospitalization, economic
analysis of palivizumab prophylaxis has not demonstrated
overall cost-effectiveness, even among high-risk infants.
The effect likely is due to the very high cost of the
medication, the variability in cost of hospitalization, and
the low mortality rates associated with RSV bronchiolitis.
Future areas of research include development of less
expensive prophylactic agents that have improved cost-
effective benefits in the prevention of bronchiolitis.


Strict hand hygiene and isolation policies remain the
cornerstone of preventing nosocomial RSV infections.
The CDC has published a review of the hand hygiene
literature and made recommendations regarding hand
washing and the use of hand antisepsis products by
patients who have bronchiolitis. Hands should be
washed after direct contact with patients, after removal of
gloves, and after contact with inanimate objects in the
direct vicinity of the patient. If hands are not visibly
soiled, an alcohol-based rub is preferred; the alternative is
thorough hand washing. Additional methods for con-
trolling nosocomial infection include changing gloves
frequently, wearing gowns during direct contact with
patients, and isolating or cohorting RSV-positive pa-
tients, with medical personnel specifically assigned to
only their care. All physicians should model and enforce
appropriate hand hygiene when caring for patients who
have bronchiolitis. Physicians also should be aware of the
current infection control policy at their institutions for
patients who have bronchiolitis.


Additional preventive strategies include avoidance of
tobacco smoke and encouragement of breastfeeding
throughout the bronchiolitis season. Parents should be
advised that tobacco smoke has been found to be an
independent risk factor for contracting bronchiolitis.
Human milk is a protective factor for decreasing the risk
of RSV infection. Human milk contains immune factors
that can prevent RSV infection, including immunoglob-
ulin G, immunoglobulin A, and alpha-interferon. Hu-
man milk also has been shown to have neutralizing


activity against RSV independent of the immune factors
described previously.


Prognosis
Most infants who experience bronchiolitis recover without
sequelae, although a portion develop recurrent wheezing
episodes, especially with subsequent viral infections. Ap-
proximately 40% of infants diagnosed with bronchiolitis
have subsequent wheezing episodes through 5 years of age;
10% have subsequent wheezing episodes after 5 years of age.
(13) Currently, the relationship between the diagnosis of
bronchiolitis in infants and subsequent wheezing is unclear.
Previous theories proposed that acquiring bronchiolitis at
an early age might contribute to recurrent wheezing and
increased airway reactivity later in life. As the complex inter-
action of the developing immune system, atopic genetic
predisposition, and infectious agents becomes more appar-
ent, newer theories propose that patients who develop post-
bronchiolitic wheezing may have an underlying predisposi-
tion to the original RSV infection and subsequent recurrent
episodes of wheezing. Anticipatory guidance regarding ep-
isodes of recurrent wheezing should be based on the known
incidence of postbronchiolitis wheezing and other indepen-
dent risk factors such as familial atopic disposition.


Summary
• Based on good evidence, the diagnosis of bronchiolitis


should be based on clinical evaluation without
supportive laboratory or radiologic studies.


• Based on good evidence, the mainstay of therapy is
supportive care and involves oxygen, hydration, and
nutrition support.


• Based on good evidence, many current therapeutic
interventions have not demonstrated efficacious
improvement in the clinical course or subsequent
outcomes. A trial of bronchodilator therapy is
optional but should be continued only if a clinical
response is documented. Corticosteroids should not
be used to treat bronchiolitis, and ribavirin therapy
should be reserved for special situations.


• Based on good evidence, effective measures to prevent
bronchiolitis include administration of palivizumab,
encouragement of breastfeeding, avoidance of tobacco
smoke, and strict handwashing as well as adherence to
other institutional infection control policies.


• Future areas of research include defining the roles of
pulse oximetry and oxygen therapy in bronchiolitis,
developing a robust clinical scoring tool for assessing
respiratory distress in patients who have bronchiolitis,
delineating the relationship between early clinical
bronchiolitis and recurrent wheezing episodes, and
developing cost-effective immunoprophylaxis and
ultimately vaccination against RSV.


respiratory disorders bronchiolitis


Pediatrics in Review Vol.30 No.10 October 2009 393


 by Michele Lossius on September 27, 2011http://pedsinreview.aappublications.org/Downloaded from 



http://pedsinreview.aappublications.org/





References
1. Subcommittee on Diagnosis and Management of Bronchiolitis.
Diagnosis and management of bronchiolitis. Pediatrics. 2006;118:
1774–1792
2. Shay DK, Holman RC, Newman RD, et al. Bronchiolitis asso-
ciated hospitalizations among US children. JAMA. 1999;282:
1440–1446
3. Levine DA, Platt SL, Dayan PS, et al. Risk of serious bacterial
infection in young febrile infants with respiratory syncytial virus
infection. Pediatrics. 2004;113:1728–1734
4. Antonow JA, Hansen K, Mckinstry CA, Byington CL. Sepsis
evaluation in hospitalized infants with bronchiolitis. J Pediatr Infect
Dis. 1998;17:231–236
5. Liebelt EL, Qi K, Harvey K. Diagnostic testing for serious
bacterial infections in infants ages 90 days or younger with bron-
chiolitis. Arch Pediatr Adolesc Med. 1999;153:525–530
6. Baptist EC, Louthain LB. Bacteremia in the infant with bron-
chiolitis. Arch Pediatr Adolesc Med. 1999;153:1309–1310
7. Luginbuhl LM, Newman TB, Pantell RH, et al. Office-based
treatment and outcomes for febrile infants with clinically diagnosed
bronchiolitis. Pediatrics. 2008;122:947–954
8. King VJ, Viswanathan M, Bordley WC, et al. Pharmacologic
treatment of bronchiolitis in infants and children. Arch Pediatric
Adolesc Med. 2004;158:127–137
9. Gozal D, Colin AA, Jaffe M, Hochberg Z. Water, electrolyte,
and endocrine homeostasis in infants with bronchiolitis. Pediatr
Res. 1990;27:204–209
10. van Steensel-Moll HA, Hazelzet JA, van der Voort E, Neijens
HJ, Hackeng WH. Excessive secretion of antidiuretic hormone in
infections with respiratory syncytial virus. Arch Dis Child. 1990;65:
1237–1239
11. Gadomski AM, Bhasale AL. Bronchodilators for bronchiolitis.
Cochrane Database Syst Rev. 2009;3:CD001266
12. Patel H, Platt R, Lozano JM, Wang EE. Glucocorticosteroids


for acute viral bronchiolitis in infants and young children. Cochrane
Database Syst Rev. 2004;3:CD004878
13. Van Woensel JB, Kimpen JL, Sprikkelman AB, et al. Long-
term effects of prednisolone in the acute phase of bronchiolitis
caused by respiratory syncytial virus. Pediatr Pulmonol. 2000;30:
92–96


Suggested Reading
Davies HD, Matlow A, Petric M, Glazier R, Wang EE. Prospective


comparative study of viral, bacterial and atypical organisms
identified in pneumonia and bronchiolitis in hospitalized Cana-
dian infants. Pediatr Infect Dis J. 1996;15:371–375


Kupperman H, Blank DE, Walton EA, Senac MO, McCaslin I.
Risks for bacteremia and urinary tract infections in young febrile
children with bronchiolitis. Arch Pediatr Adolesc Med. 1997;
151:1207–1214


Leader S, Kohlhase K. Recent trends in severe respiratory syncytial
virus (RSV) among US infants 1997 to 2000. J Pediatr. 2003;
143(5 suppl):S127–S132


McMillan JA, Tristam DA, Weiner LB, et al. Prediction of the
duration of hospitalization in patients with respiratory syncytial
virus infection: use of clinical parameters. Pediatrics. 1988;81:
22–26


Purcell K, Pharm D, Fergie J. Concurrent serious bacterial infec-
tions in 2396 infants and children hospitalized with respiratory
syncytial virus lower respiratory tract infections. Arch Pediatr
Adolesc Med. 2002;156:322–324


Schroeder AR, Marmor AK, Pantell RH, Newman TB. Impact of
pulse oximetry and oxygen therapy on length of stay in bron-
chiolitis hospitalizations. Arch Pediatr Adolesc Med. 2004;158:
527–530


Stang P, Brandendburg N, Carter B. The economic burden of
respiratory syncytial virus-associated bronchiolitis hospitaliza-
tion. Arch Pediatric Adolesc Med. 2001;155:95–96


respiratory disorders bronchiolitis


394 Pediatrics in Review Vol.30 No.10 October 2009


 by Michele Lossius on September 27, 2011http://pedsinreview.aappublications.org/Downloaded from 



http://pedsinreview.aappublications.org/





PIR Quiz
Quiz also available online at pedsinreview.aappublications.org.


5. The most important triad of findings for assessing severity of bronchiolitis are respiratory rate, work of
breathing, and:


A. Degree of cough.
B. Level of oxygen saturation.
C. Pitch of wheezing.
D. Presence of crackles.
E. Rapidity of heart rate.


6. Among the following, the best reason to obtain viral studies in those suspected of having bronchiolitis is
to:


A. Administer specific antiviral therapy.
B. Determine the need for hospitalization.
C. Guide the type of supportive care needed.
D. Identify febrile infants >30 days of age who are at low risk for serious bacterial infection and may not


need empiric antibiotics.
E. Provide the most accurate diagnosis.


7. Among the following, the febrile patients most likely to have a serious bacterial infection associated with
bronchiolitis:


A. Are younger than 30 days of age.
B. Are 31 to 60 days old.
C. Are neurologically impaired.
D. Have infiltrates on chest radiography.
E. Have survived neonatal respiratory distress syndrome.


8. The primary treatment of bronchiolitis includes hydration and:


A. Bronchodilators.
B. Chest physiotherapy.
C. Corticosteroids.
D. Decongestants.
E. Oxygenation.


9. The major benefit of palivizumab prophylaxis is:


A. Decreased hospitalization rate.
B. Improved treatment.
C. Increased cost-effectiveness.
D. Lower mortality rate.
E. Shorter duration of illness
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