
A common cause for admission to the hospital, community-
acquired pneumonia (CAP) is a serious, growing health problem
in the United States. It has an incidence estimated at 5.6 million
cases annually.1,2 Approximately
1.7 million hospitalizations for
CAP are reported each year at
an annual cost of about $23 bil-
lion.1,3 The elderly consume the
majority of these expenses,
account for the majority of
CAP-related hospitalizations,
and have longer lengths of stay.
Mortality rates among the most
seriously affected patients with
CAP (the majority of whom are
in the geriatric age group)
approach 40%, and causative
pathogens are identified in
fewer than 50% of patients.4

Accordingly, empiric antibiotic
regimens frequently are chosen
in hospitalized patients with
CAP on the basis of results of
clinical trials and expert panel
recommendations.

Despite a general consensus
that empiric treatment of CAP
requires, at the least, mandatory coverage of Streptococcus pneu-
moniae, Haemophilus influenzae, and Moraxella catarrhalis, as

well as atypical organisms (Mycoplasma pneumoniae, Chlamydia
pneumoniae, and Legionella pneumophila), antibiotic selection
strategies for achieving this spectrum of coverage vary widely. To

provide physicians and pharma-
cists current, evidence-support-
ed standards for antimicrobial
therapy in CAP, new treatment
guidelines have been issued by
a number of national panels
and/or associations, including
the American Thoracic Society
Guidelines (2001); Infectious
Disease Society of America
(IDSA); the ASCAP Panel
(Antibiotic Selection for Com-
munity-Acquired Pneumonia);
and the Centers for Disease
Control and Prevention, Drug-
Resistant Streptococcus pneu-
moniae Therapeutic Working
Group (CDC-DRSPWG). 

As might be expected,
although there are consisten-
cies among expert-endorsed
recommendations, there also
are variations, with some pan-
els prioritizing one treatment

strategy over another. In some cases, panel recommendations lag
behind the emergence of new data that would force a reevalua-
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tion of current practices. For example, beginning in January
2002, the National Committee on Clinical Laboratory Standards
(NCCLS) officially adopted new breakpoint minimum inhibitory
concentrations (MIC) for two third-generation cephalosporins
for non-meningeal sources of S. pneumoniae. Stemming from
discrepancies between microbiologic failure and clinical cure,
the NCCLS reviewed and accepted revised breakpoint MICs for
ceftriaxone and cefotaxime. Based on the new microbiologic
standards, a drug-resistant S. pneumoniae (DRSP) of non-
meningeal sources is defined with a breakpoint MIC of ≥ 4 mcg/mL
to cefotaxime or ceftriaxone. Since the only treatment guidelines
that recognized the new NCCLS breakpoints for cefotaxime and
ceftriaxone are those published by the CDC-DRSPWG, the clini-
cal implications of the revised breakpoints will be widespread as

the remaining treatment guidelines reevaluate the role of third-
generation cephalosporins for initial therapy of all in-patients
with CAP.

Deciphering the strengths, subtleties, and weaknesses of rec-
ommendations issued by different authoritative sources can be
problematic and confusing. Because patient disposition practices
and treatment pathways vary among institutions and from region
to region, management guidelines for CAP in the geriatric
patient must be “customized” for the local practice environment.
Unfortunately, no single set of guidelines is applicable to every
patient or practice environment; therefore, clinical judgment
must prevail. This means taking into account local antibiotic
resistance patterns, epidemiological and infection incidence
data, and patient demographic features.

It also is becoming clear that outcomes in patients with CAP
can be maximized by using risk-stratification criteria that predict
mortality in various patient subgroups with CAP. Associated
clinical findings such as hypotension, tachypnea, impaired oxy-
gen saturation, multi-lobar involvement, elevated blood urea
nitrogen (BUN), and altered level of consciousness are predictive
of more serious disease, as are age and acquisition of CAP in a
nursing home environment. These factors may assist clinicians in
initial selection of intravenous antibiotic therapy for hospitalized
patients.

Because of important advances, changes, and refinements that
have occurred in the area of CAP treatment during the past year,
this landmark review presents a comprehensive, state-of-the-art
assessment of antimicrobial guidelines for management of the
geriatric patient with CAP. Special emphasis has been given to
both epidemiological data demonstrating the importance of cor-
rect spectrum coverage with specific cephalosporins (ceftriax-
one) in combination with a macrolide (azithromycin) or
monotherapy with a fluoroquinolone, as well as the selection of
initial intravenous antibiotics for in-hospital management of
CAP. In addition to antibiotic therapy, comprehensive manage-
ment of the patient with CAP includes not only supportive respi-
ratory and hemodynamic measures, but also risk-stratifying
patients according to the Fine Pneumonia Severity Index (PSI) to
evaluate their risk for deep venous thrombosis (DVT) and its
associated, life-threatening complications. Accordingly, the
ASCAP Consensus Panel has addressed the need to provide pro-
phylaxis against venous thromboembolic disease (VTED) in
immobilized patients with pneumonia, congestive heart failure
(CHF), and/or respiratory failure.

In addition, a detailed analysis and comparison of two-drug
(ceftriaxone plus a macrolide) approaches vs. monotherapeutic
options (azithromycin or advanced generation fluoroquinolones
[moxifloxacin, levofloxacin, gatifloxacin]) are provided. In this
regard, although one national association (2001 American Tho-
racic Society Guidelines) has proposed the option of intravenous
monotherapy with a macrolide for inpatient management of CAP
in selected, younger patients without co-morbidity, most experts
and national panels agree that hospitalized patients are at suffi-
ciently high risk for CAP-related morbidity, complications, and
mortality to require combination therapy that includes a
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cephalosporin (i.e., ceftriaxone, cefotaxime, etc.) with significant
activity against S. pneumoniae, H. influenzae, and M. catarrhalis,
along with a macrolide to provide activity against atypical organ-
isms. Moreover, one recent study suggests that CAP patient out-
comes in those with bacteremic, pneumococcal pneumonia may
be improved with two-drug, combination regimens as compared
to monotherapeutic approaches using fluoroquinolones or other
agents.5 Detailed discussions of this important controversy and
practical, antibiotic selection implications of the year 2002
NCCLS breakpoints are presented to provide evidence-based
guidance in the area of empiric drug selection for CAP.

Finally, to ensure that clinicians are current with and can
apply the latest evidence-based strategies for CAP treatment to
their patient populations, detailed antibiotic selection guidelines
(See Table 1, ASCAP 2002 Consensus Panel Guidelines.) issued
by the ASCAP Consensus Panel are provided. Drawing upon
consensus panels and association guidelines, these antimicrobial
protocols are linked to risk-stratification criteria and specific
clinical profiles of patients presenting to the hospital or acute
ambulatory setting with CAP.

—The Editor

Introduction: The ASCAP 2002 Consensus
Report® Panel and Scientific Roundtable 

To address the complex issues surrounding antibiotic selec-
tion and care of the hospitalized patient with pneumonia, the
ASCAP Year 2002 Consensus Panel and Scientific Roundtable
was convened. Its mission statement was to review, analyze, and
interpret published, evidence-based trials assessing the safety and
efficacy of antibiotic therapy for CAP. In addition, the ASCAP
Consensus Panel was charged with developing strategies that
would ensure appropriate use of antibiotics in this patient popu-
lation, and with making recommendations for how patients with
respiratory infections should be evaluated and managed in the
inpatient setting. 

Treatment guidelines generated by the ASCAP 2002 Consen-
sus Panel, and reported in this consensus statement, were based
on evidence presented from well-designed clinical trials, and
focused on hospital management by the emergency physician,
hospitalist, internist, critical care specialist, and/or infectious dis-
ease specialist. Detailed review and analyses of national consen-
sus guidelines issued by the ATS, IDSA, CDC-DRSPWG, and
the Year 2001 ASCAP Panel also were evaluated and included in
the decision-making process. (See Tables 2 and 3.)

With these objectives in clear focus, the purpose of this com-
prehensive review, which includes the ASCAP 2002 Consensus
Panel findings on assessment strategies and treatment recommen-
dations, is to provide an evidence-based, state-of-the-art clinical
resource outlining, in precise and practical detail, clinical proto-
cols for the acute management of CAP. To achieve this goal, all of
the critical aspects entering into the equation for maximizing
patient outcomes, while minimizing costs, including systematic
patient evaluation, disposition decision trees, and outcome-effec-
tive antibiotic therapy, will be discussed in detail. In addition,
because appropriate disposition of patients with CAP has become

essential for cost-effective patient management, this review
includes critical pathways and treatment tables that incorporate
risk-stratification tools which can be used to identify and distin-
guish those patient subgroups that are appropriately managed in
the outpatient setting from those more appropriately admitted to
the hospital for more intensive care.

Community-Acquired Pneumonia: Epidemiology,
Diagnosis, and Evaluation 

CAP affects 5.6 million adults annually in the United States,
with 1.7 million patients requiring hospitalization.6 It is the sixth
leading cause of death overall and the most common cause of
death from infection,6,7 with an overall case-fatality rate of about
5%. Mortality is substantially greater (about 13.6%) among hos-
pitalized patients.8 Expert committees have published treatment
guidelines intended to improve the care of pneumonia patients,
but the guidelines have not been prospectively validated.9,10 Prior
studies of pneumonia guidelines have reported decreased lengths
of stay, admission rates, and costs, but no change in clinical out-
comes.11-13 Expert guidelines are difficult to implement, and tra-
ditional continuing medical education has little effect on physi-
cian practice.14-19

The introduction of antibiotic agents dramatically reduced
mortality from pneumococcal pneumonia. However, the mortali-
ty rate from bacteremic pneumococcal CAP has shown little
improvement in the past three decades, remaining between 19%
and 28%, depending on the population and institution studied.
The aging population, increased prevalence of comorbid illness-
es, human immunodeficiency virus, and increasing microbial
resistance all probably have contributed to maintaining the high
mortality rate despite advances in medical care. However, even
allowing that some patients are seen too late to benefit from the
antibiotic therapy, the continued high mortality rate, despite
apparently appropriate antibiotic therapy, is cause for concern.

The annual incidence of pneumonia in patients older than age
65 is about 1%.20 The typical presentation of pneumococcal
pneumonia with fever, rigors, shortness of breath, chest pain,
sputum production, and abnormal lung sounds is easy to recog-
nize. Unfortunately, the changing epidemiology of pneumonia
presents a greater diagnostic challenge, especially in the aging
patient. Atypical agents or opportunistic infections in immuno-
compromised individuals have a much more subtle presentation.
In particular, pneumonia in older patients frequently has an insid-
ious presentation and fewer characteristic features of pneumonia,
which may be confused with CHF or respiratory compromise
associated with chronic lung disease.

The definitive, etiologic diagnosis of pneumonia is verified by
the recovery of a pathogenic organism(s) from either the blood,
sputum, or pleural fluid in the setting of a patient with a radi-
ographic abnormality suggestive of pneumonia. In the case of
atypical organisms, the diagnosis usually is made by the compar-
ison of acute and convalescent sera demonstrating a rise in
appropriate titers, or by other sophisticated techniques such as
direct florescent antibody testing. The Gram’s stain occasionally
is helpful with establishing the diagnosis, but requires practition-
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Table 1. ASCAP 2002 Guidelines — Empiric Antimicrobial Therapy of Choice for Outpatient‡

and In-Hospital Management of Patients with CAP 

PATIENT PROFILE/ETIOLOGIC AGENTS FIRST-LINE ANTIBIOTIC THERAPY† ALTERNATIVE FIRST-LINE ANTIBIOTIC THERAPY

Otherwise Healthy Azithromycin PO Moxifloxacin PO (preferred) OR
< 60 years of age (Patients deemed to be Levofloxacin PO OR
suitable for outpatient/oral therapy, i.e., no Clarithromycin OR
systemic toxicity, high likelihood of compliance, Gatifloxacin PO
and supportive home environment)*

Otherwise Healthy Azithromycin PO Moxifloxacin PO (preferred) OR
> 60 years of age (Patients deemed to be Levofloxacin PO OR
suitable for outpatient/oral therapy, i.e., no Clarithromycin OR
systemic toxicity, high likelihood of compliance, Gatifloxacin PO
and supportive home environment)*

In-Hospital (not in intensive care unit) Ceftriaxone IV plus azithromycin IV††† Moxifloxacin OR
underlying risk factors or comorbid conditions: Levofloxacin IV OR
In-Hospital management (COPD, Gatifloxacin IV
history of pneumonia, diabetes, etc.)

CAP acquired in the nursing home environment Ceftriaxone IV plus azithromycin IV Moxifloxacin OR
(increased likelihood of gram-negative, E. coli, Levofloxacin IV OR
Klebsiella pneumoniae) Gatifloxacin IV

CAP in the elderly individual with chronic alcoholism Ceftriaxone IV plus azithromycin IV Cefotaxime†† plus erythromycin IV OR
(Increased likelihood of Klebsiella pneumoniae Levofloxacin IV OR
infection) Cefepime IV plus azithromycin IV

Severe bacteremic CAP with documented  Ceftriaxone IV plus moxifloxacin Vancomycin¶ plus azithromycin IV
S. pneumoniae species showing high-level  OR
resistance to macrolides and/or penicillin, but Ceftriaxone IV plus levofloxacin IV
maintaining high sensitivity to extended-
spectrum quinolones and cephalosporins 

Severe CAP complicated by structural disease Cefepime IV plus levofloxacin IV Ciprofloxacin IV plus cefepime IV 
of the lung (bronchiectasis): Increased plus/minus aminoglycoside OR plus azithromycin IV OR
likelihood of Pseudomonas and polymicrobial Ciprofloxacin IV plus aminoglycoside Imipenem IV plus azithromycin IV
infection IV plus azithromycin IV plus aminoglycoside

CAP in a patient with suspected aspiration Ceftriaxone IV plus azithromycin IV Levofloxacin IV plus clindamycin IV OR
(increases the likelihood of gram-negative  plus clindamycin IV Levofloxacin IV plus metronidazole IV OR
and anaerobic infection**) Gatifloxacin IV plus clindamycin IV

Severe CAP in a compromised host with a Moxifloxacin IV plus vancomycin IV Gatifloxacin IV plus
previous hospitalization for, or who resides in, OR vancomycin IV
a community or facility with a high reported Levofloxacin IV plus vancomycin IV
incidence of methicillin-resistant S. aureus 
(MRSA)***

CAP patient with severe pneumonia Ceftriaxone IV plus levofloxacin IV Cefepime IV plus aminoglycoside IV 
requiring ICU hospitalization*** plus/minus aminoglycoside plus azithromycin IV OR

(Pseudomonas strongly suspected) OR Imipenem IV plus aminoglycoside IV
Ceftriaxone IV plus plus azithromycin IV
azithromycin IV plus/minus
anti-pseudomonal agent

* Oral therapy/outpatient treatment recommendations are appropriate only for those otherwise healthy patients with CAP of mild enough 
severity that they are judged to be suitable candidates for outpatient management with oral antibiotics.

§ Quinolones generally are restricted for use in patients > 18 years of age.
¶ If S. pneumoniae demonstrates complete resistance to extended spectrum quinolones (very rare), third-generation cephalosporins, and macrolides, 

then vancomycin may be required as part of initial therapy, although this would be necessary only in rare circumstances.
† First-line therapy recommendations take into consideration cost of the drug (which may vary from one institution to another), convenience of dosing, 

daily dose frequency, spectrum of coverage, side effects, and risk of drug-drug interactions.
†† Cefotaxime IV should be dosed on a q 8 hours basis when used for treatment of CAP.
††† Some institutions may use oral macrolide therapy for patients with mild-to-moderate CAP.
** When anaerobic organisms are suspected as one of the possible etiologic pathogens in a patient with CAP, clindamycin or a β-lactam/β-lactamase

inhibitor (ampicillin/sulbactam, ticarcillin/clavulanate, or ticarcillin/tazobacatam) is recommended.
*** High community prevalence of, previous history of hospitalization, or increasing local incidence of methicillin-resistant S. aureus (MRSA) in a patient with a 

clinical presentation consistent with S. aureus pneumonia; vancomycin should be considered as component for initial therapy.
‡ Adapted from references 2, 3, 9, 12, 20-31 
§§ Cefotaxime may be substituted for ceftriaxone, although ceftriaxone is preferred because of its once-daily dosing.



ers or technicians who are highly skilled in this diagnostic
methodology. An adequate Gram’s stain must have fewer than 25
epithelial cells per low-powered field. The finding of more than
10 gram-positive, lancet-shaped diplococci in a high-powered
field is a sensitive and specific predictor of pneumococcal pneu-
monia. Unfortunately, the Gram’s stain rarely will be helpful in
determining other causes of pneumonia. The IDSA Guidelines
recommend Gram’s stain, whereas the ATS considers Gram’s
stain optional.

Transtracheal aspiration or bronchial washings are a more
accurate means of obtaining specimens for Gram’s stain and cul-
ture, although this procedure rarely is indicated in the outpatient
setting. Overall, fewer than 50% of patients with CAP will be able
to produce sputum. Of these, one-half of the sputum specimens
obtained will be inadequate. When an adequate Gram’s stain is
obtained, however, it has a negative predictive value of 80% when
compared to a sputum culture. The blood culture is helpful in
about 15% of patients, while serology will establish the diagnosis
in 25% of patients.9,20 About 40% of sputum cultures will identify
a pathologic organism. Bronchoscopy and thoracentesis occasion-
ally may be necessary, but these procedures generally are reserved
for seriously ill patients, particularly those who require manage-
ment in the intensive care unit (ICU) setting.3,9,21

Signs and Symptoms. Especially in the elderly patient, the
signs and symptoms of pneumonia may be mimicked by many
disorders, including pulmonary embolism (PE), CHF, lung can-
cer, hypersensitivity pneumonitis, tuberculosis, chronic obstruc-
tive pulmonary disease (COPD), granulomatosis disease, and fun-
gal infections. A variety of drugs also can induce pulmonary dis-
ease. Cytotoxic agents; non-steroidal anti-inflammatory drugs
(NSAIDs); some antibiotics, including sulfonamides; and certain
antiarrhythmics (e.g., as amiodarone or tocainide), can mimic pul-
monary infection. In addition, common analgesics, including sali-
cylates, propoxyphene, and methadone, also may precipitate acute
respiratory symptoms. Such collagen vascular diseases as sys-
temic lupus erythematosus, polymyositis, and polyarteritis nodosa
may cause fever, cough, dyspnea, and pulmonary infiltrates,
thereby mimicking symptoms of pneumonia. Rheumatoid arthri-
tis can cause an interstitial lung disease, although it does not usu-
ally cause fever or alveolar infiltrates.

Initial Stabilization and Adjunctive Measures. Prompt,
aggressive, and adequate supportive care must be provided to
geriatric patients who present to the hospital with pneumonia. As
is the case with other serious conditions, supportive care fre-
quently must be performed in conjunction with the history, phys-
ical examination, and diagnostic testing. Among initial stabiliza-
tion measures, managing the airway and ensuring adequate
breathing, oxygenation, ventilation, and perfusion are of para-
mount importance.

Upon arrival to the hospital, oxygenation status should be
assessed immediately using pulse-oximetry. Patients with an
arterial oxygen saturation of less than 90% should receive sup-
plemental oxygen, and should be considered candidates for
admission, prompt evaluation, and treatment if the diagnosis is
confirmed. Arterial blood gases especially are helpful in patients

suspected of hypercarbia and respiratory failure. This laboratory
modality may be useful in patients with COPD, decreased mental
status, and fatigue. Patients with hypoxia who do not respond to
supplemental oxygen, as well as those with hypercarbia accom-
panied by respiratory acidosis, may be candidates for mechanical
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OUTPATIENTS

• Generally preferred are (not in any particular order): doxy-
cycline, a macrolide, or a fluoroquinolone.

• These agents have activity against the most likely 
pathogens in this setting, which include Streptococcus 
pneumoniae, Mycoplasma pneumoniae, and Chlamydia 
pneumoniae.

• Selection should be influenced by regional antibiotic sus-
ceptibility patterns for S. pneumoniae and the presence 
of other risk factors for drug-resistant S. pneumoniae.

• Penicillin-resistant pneumococci may be resistant to 
macrolides and/or doxycycline.

• For older patients or those with underlying disease, a fluo-
roquinolone may be a preferred choice; some authorities 
prefer to reserve fluoroquinolones for such patients.

HOSPITALIZED PATIENTS

• General medical ward

• Generally preferred are: an extended spectrum 
cephalosporin combined with a macrolide or a 
β-lactam/β-lactamase inhibitor combined with a 
macrolide or a fluoroquinolone (alone).

INTENSIVE CARE UNIT

• Generally preferred are: an extended spectrum 
cephalosporin or β-lactam/β-lactamase inhibitor plus 
either a fluoroquinolone or macrolide.

ALTERNATIVES OR MODIFYING FACTORS 

• Structural lung disease: antipseudomonal agents 
(piperacillin, piperacillin-tazobactam, imipenem, or 
cefepime) plus a fluoroquinolone (including high-dose 
ciprofloxacin)

• β-lactam allergy: fluoroquinolone ± clindamycin

• Suspected aspiration: fluoroquinolone with or without clin-
damycin, metronidazole, or a β-lactam/β-lactamase 
inhibitor

Note: β-lactam/β-lactamase inhibitor: ampicillin-sulbactam or 
piperacillin-tazobactam. Extended-spectrum cephalosporin: cefo-
taxime or ceftriaxone. Fluoroquinolone: gatifloxacin, levofloxacin, 
moxifloxacin, or other fluoroquinolone with enhanced activity 
against S. pneumoniae (for aspiration pneumonia, some fluoro-
quinolones show in vitro activity against anaerobic pulmonary 
pathogens, although there are no clinical studies to verify in vivo).
Macrolide: azithromycin, clarithromycin, or erythromycin ± with or
without.

Table 2. IDSA — Year 2000 Guidelines.
Empirical Selection of Antimicrobial Agents
for Treating Patients with CAP
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Penicillin MIC mcg/mL
Empiric treatment** ≤≤ 0.06 0.12-1 2 4 ≥≥ 8 Comments

Outpatients
Macrolide (erythromycin, clarithromycin, +++ + ± - - Covers atypical pathogens (Mycoplasma
or azithromycin) species Chlamydia species, and 

Legionella species)
Doxycycline (or tetracycline) +++ ++ + - - Covers atypical pathogens; not FDA-

approved for children younger than 
8 years

Oral β-lactam (cefuroxime axetil, +++ ++ + - - Does not cover atypical pathogens, 
amoxicillin, or alternatively cefpodoxime or cefprozil 
amoxicillin-clavulanate potassium) may be used

Fluoroquinolones (levofloxacin, +++ +++ +++ ++ ++ Not first-line treatment because of 
moxifloxacin, or gatifloxacin)† concerns about emerging resistance;

not FDA-approved for use in children;
covers atypical pathogens

Hospitalized (Nonintensive Care Unit) Patients
Parenteral β-lactam (cefuroxime, +++ +++ ++ ± - Ceftriaxone and cefotaxime have 
cefotaxime sodium, ceftriaxone sodium, superior activity against resistant 
or ampicillin sodium-sulbactam sodium) pneumococci in comparison with 
plus macrolide (erythromycin, clarith- ampicillin-sulbactam and with 
romycin, or azithromycin) cefuroxime.

Fluoroquinolones (e.g., moxifloxacin, +++ +++ +++ ++ ++ See previous comments about fluoro-
levofloxacin, gatifloxacin, or quinolones.
trovafloxacin)†

Intubated or Intensive Care Unit Patients‡

Intravenous β-lactam (ceftriaxone or +++ +++ ++ ± - Ceftriaxone or cefotaxime are preferred 
cefotaxime sodium) plus intravenous over other β-lactams because of their 
macrolide (erythromycin or azithromycin) superior activity against resistant 

pneumococci; clarithromycin has no 
intravenous formulation.

Intravenous β-lactam (ceftriaxone or +++ +++ ++ ++ ++ Ceftriaxone or cefotaxime are preferred 
cefotaxime) plus fluoroquinolone over other β-lactams; see previous 
(e.g., gatifloxacin, levofloxacin, moxi- comments about fluoroquinolones.
floxacin, or trovafloxacin)†

Fluoroquinolones (e.g., moxifloxacin, ++ ++ ++ ++ ++ See previous comments about fluoro-
levofloxacin, gatifloxacin, or trova- quinolones; efficacy of monotherapy 
floxacin)† for critically ill persons with pneumo-

coccal pneumonia has not been 
established.

* FDA indicates Food and Drug Administration. Ratings estimate clinical efficacy and in vitro susceptibility among persons with 
pneumococcal pneumonia. In-depth information on empiric treatment of pneumonia is given by the Infectious Disease 
Society of America and the American Thoracic Society guidelines.

† The relative antipneumococcal activity of these agents differs slightly, with that of trovafloxacin equal or superior to that of 
grepafloxacin, which equals that of sparfloxacin, which is superior to that of levofloxacin. Because of new data showing an 
association with serious liver damage, the FDA issued a public health advisory recommending that trovafloxacin be used 
only for patients with serious and life- or limb-threatening infections who receive initial treatment in an inpatient health care 
facility and for whom physicians believe that the benefit of the agent outweighs its potential risk.

‡ Vancomycin hydrochloride may be indicated for the treatment of selected critically ill children with community-acquired 
pneumonia for whom coverage of drug-resistant Streptococcus pneumoniae must be ensured.

** Adaptations made to reflect introduction of new agents since report was published.

Table 3. Recommended Year 2000 CDC DRSP-WG Empiric Regimens 
for Treating Community-Acquired Pneumonia*



ventilation. This patient population also has a poorer prognosis.
Support may be accomplished with either intubation and
mechanical ventilation or non-invasive ventilation (bilevel posi-
tive pressure ventilation [BiPAP]). Recent studies have shown
BiPAP to be successful for treatment of patients with respiratory
failure due to pneumonia.10 When this technique is available, it
may avert the need for endotracheal intubation and its potential
complications. Finally, patients with evidence of bronchospasm
on physical exam, as well as those with a history of obstructive
airway disease (asthma or COPD), may benefit from inhaled
bronchodilator therapy.

Evidence of inadequate perfusion may range from mild dehy-
dration with tachycardia to life-threatening hypotension due to
septic shock. Patients with septic shock usually will show evi-
dence of decreased tissue perfusion, such as confusion and olig-
uria in association with a hyperdynamic circulation. In either
case, initial therapy consists of intravenous fluids (normal saline
or lactated Ringer’s solution) administered through a large bore
IV. In elderly patients, fluid overload is a potential complication,
and it is prudent to administer IV fluids with frequent assessment
of clinical response. 

Risk Stratification and Patient Disposition:
Outpatient Vs. Inpatient Management 

Determining whether to admit or discharge patients suspected
of having CAP is one of the most important decisions an emer-
gency physician, pulmonologist, or internist can make. For this
reason, there have been increasing efforts to identify patients
with CAP who can be treated appropriately as outpatients.11-13,32

The disposition decision for geriatric patients with pneumonia
should take into account the severity of the pneumonia, as well
as other medical and psychosocial factors that may affect the
treatment plan and clinical outcome.33-35

Patient Disposition. In the absence of respiratory distress or
other complicating factors, many young adults can be treated
adequately with appropriate oral antibiotic therapy. In fact,
guidelines issued by the IDSA and ATS support oral antibiotic
therapy in patients deemed to be at low risk for complications
and/or mortality associated with CAP. This option is utilized less
frequently in the case of elderly patients with CAP because
comorbid conditions and other risk factors that may complicate
the course of the illness frequently are present. Even following
appropriate treatment and disposition, patients may have symp-
toms, including cough, fatigue, dyspnea, sputum production, and
chest pain that can last for several months. To address the issue
of patient disposition and treatment setting, a variety of investi-
gators have proposed risk-stratification criteria to identify
patients requiring hospitalization. 

Among the factors most physicians use to make admission
decisions for pneumonia are the presence of hypoxemia, overall
clinical status, the ability to maintain oral intake, hemodynamic
status, and the patient’s home environment. Such factors as
hypotension, tachypnea, multi-lobar involvement, elevated BUN,
and confusion have been linked to inferior outcomes in patients
with CAP. Using clinical judgment, however, physicians tend to

overestimate the likelihood of death from pneumonia.33 These
findings have led some investigators to employ more stringent
prediction rules. For example, a chest radiograph may help iden-
tify patients who are at high risk for mortality. The presence of
bilateral effusions, moderate-size pleural effusions, multi-lobar
involvement, and bilateral infiltrates is associated with poorer
outcomes.

A landmark study outlined below presented a prediction rule
(Pneumonia Severity Index [PSI]) to identify low-risk patients
with CAP.12 Using such objective criteria as patient age, coexis-
tent medical conditions, and vital signs, patients are assigned
either to a low-risk class, which has a mortality rate of about
0.1% in outpatients, or to higher-risk categories. Patients with
any risk factors then are evaluated with a second scoring system
that assigns individuals to one of three higher-risk categories,
which have mortality rates ranging from 0.7% to 31%.33 In addi-
tion to the factors noted in this prediction rule, patients who are
immunocompromised as a result of AIDS or chronic alcohol use
frequently require hospitalization.

Once the clinician has determined hospitalization is required,
the need for ICU admission also must be evaluated. A variety of
factors is associated with an increased risk for mortality, includ-
ing increasing age (> 65 years), alcoholism, chronic lung disease,
immunodeficiency, and specific laboratory abnormalities, includ-
ing azotemia and hypoxemia. These patients may require admis-
sion to the ICU.

Prognostic Scoring. There have been many efforts to assess
severity and risk of death in patients with pneumonia.34,36,37 The
study by Fine and colleagues has received considerable attention
and is used as a benchmark by many clinicians.33 This study
developed a prediction rule, the PSI, to assess 30-day mortality in
patients with CAP. The rule was derived and validated with data
from more than 52,000 inpatients, and then validated with a sec-
ond cohort of 2287 inpatients and outpatients as part of the Pneu-
monia PORT (Pneumonia Patient Outcomes Research Team
Cohort) study. Subsequent evaluation and validation has been per-
formed with other cohorts, including geriatric patients and nurs-
ing home residents.38,39

In this risk-stratification model, patients are assigned to one of
five risk classes (1 is lowest risk, 5 is highest risk) based upon a
point system that considers age, co-existing disease, abnormal
physical findings, and abnormal laboratory findings. Elderly
patients cannot be assigned to Class 1, as a requirement is age
younger than 50 years. In older patients, age contributes the most
points to the overall score. For example, it should be noted that
males older than 70 years and females ages older than 80 years
would be assigned to Class 3 on the basis of age alone, without
any other risk factor. In the Fine study, patients assigned to
Classes 1 and 2 were typically younger patients (median age, 35-
59 years) and patients in Classes 3-5 were older (median age, 72-
75 years).

Outpatient management is recommended for Classes 1 and 2,
brief inpatient observation for Class 3, and traditional hospital-
ization for Classes 4 and 5.34 For a geriatric patient to qualify for
outpatient treatment based on these recommendations, he or she
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would have to be younger than age 70 if male or younger than
age 80 if female, and have no additional risk factors. Inpatient
observation or traditional hospitalization would be recommended
for all other patients based on this rule. Other studies have sug-
gested outpatient management for Class 3 patients, but most
authorities consider Class 3 patients to be appropriate candidates
for hospital admission or for management in an observation
unit.12,40

As a rule, patients considered eligible for management as out-
patients must be able to take oral fluids and antibiotics, comply
with outpatient care, and be able to carry out activities of daily
living (ADLs) or have adequate home support to assist with
ADLs. Other factors cited in previous studies, but not included in
the PSI, also have been found to increase the risk of morbidity or
mortality from pneumonia. These include: other comorbid ill-
nesses (diabetes mellitus, COPD, post-splenectomy state),
altered mental status, suspicion of aspiration, chronic alcohol
abuse or malnutrition, and evidence of extrapulmonary disease.9

Additional laboratory studies that may suggest increased severity
of illness include white blood cell count less than 4000 or greater
than 30,000; absolute neutrophil count less than 1000; elevated
protime or partial thromboplastin time; decreased platelet count;
or radiographic evidence of multi-lobar involvement, cavitation,
and rapid spreading.9

Severe pneumonia may require ICU admission. In the Fine
study, 6% of patients in Class 3, 11% of patients in Class 4, and
17% of patients in Class 5 required ICU admission.33 The ATS
guidelines define severe pneumonia as the presence of at least
one of the following: respiratory rate greater than 30, severe res-
piratory failure (PaO

2
/FIO

2
< 250), mechanical ventilation, bilat-

eral infiltrates or multilobar infiltrates, shock, vasopressor
requirement, or oliguria (urine output < 20 cc per hour). The
presence of at least one of these is highly sensitive (98%) but
only 32% specific for the need for ICU management.41 It is
emphasized that the above guidelines for admission should not
supercede clinical judgment when assessing the need to hospital-
ize patients.9,33,34,42

Antibiotic Selection for Hospitalized CAP
Patients: An Overview of Current Controversies,
Issues, and Guidelines 

Introduction. Antibiotic therapy is the mainstay of manage-
ment for patients with CAP. It should be stated at the outset that
antibiotic therapy should be initiated promptly, as soon as the
diagnosis strongly is suspected or confirmed, and after appropri-
ate microbiological studies or samples have been obtained. More
and more, institutional guidelines are mandating administration
of antibiotics within 4-8 hours of patient presentation to the hos-
pital, since mortality rates rise when antibiotic administration is
delayed beyond 8 hours.43 Because the elderly are at high risk for
acquiring pneumonia, many of the guidelines issued by consen-
sus panels, clinical experts, and scientific associations, including
those of the IDSA, the ATS, ASCAP Consensus Panel, and the
CDCDRSP-WG, apply directly to this patient population. There-
fore, these recommendations should be studied in detail to arrive

at sensible, empiric pharmacotherapeutic interventions for the
elderly patient with pneumonia. Although the CDC group makes
no specific recommendations for geriatric patients, their guide-
lines apply to all adult patients; hence, their conclusions are
applicable to the geriatric patient with CAP.

Consensus Panels. It should be stressed that there is no
absolute or consistent consensus about precisely which drug, or
combination of drugs, constitutes the most outcome-effective
choice for pneumonia in patients with CAP, although a recent
study suggests improved mortality rates with regimens using
two-drug combinations rather than monotherapy in patients with
bacteremic pneumococcal pneumonia.5 Most panels and guide-
line documents agree that antimicrobial coverage must include
sufficient activity against the principal bacterial pathogens S.
pneumoniae, H. influenzae, and M. catarrhalis, as well as against
the atypical pathogens Mycoplasma, Legionella, and C. pneumo-
niae. Therefore, such regimens as ceftriaxone/cefotaxime plus
azithromycin, or monotherapy with advanced generation fluoro-
quinolones—given some qualifications regarding outcomes and
resistance issues to be discussed later—have emerged as pre-
ferred options for treatment of inpatients with CAP.

Beyond this non-negotiable caveat mandating coverage for
the six aforementioned pathogens, there are important differ-
ences among recommendations and expert panels for empiric
treatment of pneumonia. Variations among the guidelines usu-
ally depend upon: 1) their emphasis or focus on the need to
empirically cover drug-resistant Streptococcus pneumoniae
(DRSP) species as part of the initial antimicrobial regimen; 2)
their concern about using antimicrobials (fluoroquinolones)
with an over-extended (too broad) spectrum of coverage; 3)
their concern about the potential of growing resistance to a
class (fluoroquinolones) that has agents that currently are
active against DRSP species; 4) their preference for monother-
apeutic vs. combination therapy; 5) when the guidelines were
released (recent vs. several years old); and 6) their emphasis
on drug costs (see Table 4), patient convenience, and options
for step-down (IV to oral) therapeutic approaches. Clearly,
these factors and the relative emphasis placed on each of them
will influence antimicrobial selection for the geriatric patient
with pneumonia.

With these issues and drug selection factors in mind, the most
recent guidelines issued by the CDC-DRSPWG and ATS attempt
to both risk-stratify and “drug-stratify” patients according to their
eligibility for receiving agents as initial empiric therapy that have
activity against DRSP (drug-resistant S. pneumoniae). Before
presenting a detailed discussion of the current treatment land-
scape for CAP, the following points from the ASCAP expert’s
panel should be emphasized. First, the relative importance of S.
pneumoniae as a cause of outpatient CAP is difficult to deter-
mine. Nevertheless, a review of the literature suggests that S.
pneumoniae accounts for 2-27% of all cases of CAP treated on
an outpatient basis.20,44 In addition, surveillance studies have sug-
gested that about 7% of invasive S. pneumoniae species in the
United States show a significant degree of penicillin resistance.45

Hence, this group estimates that only 0.14% (7% of 2%) to 1.9%
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(7% of 27%) of outpatients with bacterial pneumonia have pneu-
mococcal infections with levels of resistance high enough to war-
rant consideration of alternative treatment.

This analysis has prompted the CDC panel to conclude that,
because CAP in patients who are appropriately triaged and risk-
stratified generally is not immediately life-threatening and
because S. pneumoniae isolates with penicillin MICs of no less
than 4 mcg/mL are uncommon, antibiotics with predictable
activity against highly penicillin-resistant pneumococci are not
necessary as part of the initial regimen. From a practical, drug-
selection perspective, the working group, therefore, suggests that
oral fluoroquinolones are not first-line treatment in outpatients
with CAP because of concerns about emerging resistance. Con-
sequently, oral macrolide or beta-lactam monotherapy is recom-
mended by the CDC-DRSPWG as initial therapy in patients with
pneumonia considered to be amenable to outpatient manage-
ment. Because atypical pathogens are an important cause of out-
patient CAP, the ASCAP Consensus Panel recommends
macrolides over beta-lactam monotherapy for outpatients.

It should be noted, however, that even for hospitalized (non-
ICU) patients, this panel, while noting the effectiveness of
monotherapy with selected fluoroquinolones, recommends the
combination of a parenteral beta-lactam (ceftriaxone, cefo-
taxime, etc.) plus a macrolide (azithromycin, erythromycin, etc.)
for initial therapy.2 Regardless of the panel or critical pathway,
one of the important consistent changes among recent recom-
mendations for initial, empiric management of patients with
CAP is mandatory inclusion of a macrolide (which covers atypi-
cal pathogens) when a cephalosporin (which has poor activity
against atypical pathogens) is selected as part of the regimen. For
critically ill patients, first-line therapy should include an intra-
venous beta-lactam, such as ceftriaxone or cefotaxime, and an
intravenous macrolide, such as azithromycin (please see discus-
sion below). 

The committee issued clarifying statements about the role of
fluoroquinolone monotherapy in the critically ill patient, stating
that caution should be exercised because the efficacy of the new
fluoroquinolones as monotherapy for critically ill patients has not
been determined.2

Clearly, however, fluoroquinolones are an important part of
the antimicrobial arsenal in the elderly, and CDC-DRSPWG has
issued specific guidelines governing their use in the setting of
outpatient and inpatient CAP. In general, this panel has recom-
mended that fluoroquinolones be reserved for selected patients
with CAP, and these experts have identified specific patient sub-
groups that are eligible for initial treatment with extended-spec-
trum fluoroquinolones. For hospitalized patients, these include
adults for whom one of the first-line regimens (e.g., ceftriaxone
plus a macrolide) has failed, those who are allergic to the first-
line agents, or those who have a documented infection with high-
ly drug-resistant pneumococci (i.e., penicillin MIC = 4
mcg/mL).2 The rationale for this approach is discussed in subse-
quent sections.

Emergence of Fluoroquinolone Resistance
in S. pneumoniae 

Ironically, the only treatment guideline that recognizes the
potential impact of widespread fluoroquinolone resistance also is
the only treatment guideline that recommends that fluoro-
quinolones be reserved for selected patients with CAP (CDC-
DRSPWG). With revised breakpoint MICs for cefotaxime and
ceftriaxone, the percentage of resistant S. pneumoniae to these
third-generation cephalosporins is expected to drop below 3-5%
nationally. This will require clinicians to re-examine the pub-
lished treatment guidelines that recommend fluoroquinolones as
initial therapy for CAP. 

Moreover, widespread, indiscriminate use of fluoroquinolones
may be associated with rising resistance rates to selected gram-
positive and gram-negative organisms. Previous assumptions that
fluoroquinolones will be more clinically effective vs. DRSP than
ceftriaxone or cefotaxime must be reevaluated. Based on the 2002
NCCLS guidelines, both ceftriaxone and cefotaxime are expected
to provide comparable microbiologic end points and clinical cures
in patients with non-meningeal Streptococcus pneumoniae as
compared to the anti-pneumococcal fluoroquinolones. The clini-
cian will be asked to incorporate geographic-specific resistance
rates and the ecology of micro-organisms into his/her decision
about how empirically to treat the patient with CAP. 

When first introduced in 1987, ciprofloxacin was promoted
for the treatment of respiratory tract infections, including those
due to S. pneumoniae. Early trials demonstrated clinical suc-
cess for patients with respiratory infections.46,47 However, sub-
sequent studies found that the use of ciprofloxacin against S.
pneumoniae was associated with poor eradication rates both in
acute exacerbations of chronic bronchitis (AECB) and pneumo-
nia.48-50 Reports of the development of resistance soon
appeared.51-55 Knowing the pharmacodynamics parameters of
ciprofloxacin and S. pneumoniae, this is not unexpected. The
AUC24/MIC generally accepted to be most predictive of bacte-
rial eradication and clinical success is greater than 35.56-59 The
C

max
/MIC ratio generally accepted to be most predictive for pre-

vention of resistance selection is greater than 4.60,61 Following a
750 mg oral dose of ciprofloxacin, the C

max
is only 3 mg/L and
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Table 4. Daily Drug Cost (WAC)*

DRUG AND DOSAGE COST/DAY

Azithromycin IV 500 mg $18.96
Ceftriaxone 1 gm IV qd 36.06
Levofloxacin 500 mg IV qd 33.00
Erythromycin 500 mg IV qid 5.20
Ciprofloxacin 400 mg IV bid 48.00
Cefotaxime 1 g IV tid 25.00
Tricarcillin-clavulanate 3.1 g qid 48.32

* WAC = Wholesale acquisition cost
Hospital formulary pricing guide, August 1999. WAC may not nec-
essarily reflect actual pharmacy costs or costs associated with
drug administration cost comparisons.



the AUC24 is 31 mcg/mL.62 The MIC
90

of S. pneumoniae is 1
mg/L giving a C

max
/MIC of 3 and an AUC/MIC of 31.63

Although ciprofloxacin was not promoted or widely used for
the treatment of CAP, it was used for the treatment of AECB at a
dose of 500 mg twice daily. Eradication rates of S. pneumoniae
in AECB varied from 63% to 90%.64,65 This failure to eradicate
was associated with the development of resistance during therapy
in some patients.64,65 This may, in part, explain the emergence of
pneumococci with reduced susceptibility to the fluoroquinolones
and, in particular, to ciprofloxacin. 

Emergence of resistance in S. pneumoniae to the fluoro-
quinolones has been described in Canada, Spain, Hong Kong,
and Northern Ireland. In Canada, Chen et al found that the
prevalence of ciprofloxacin-resistant pneumococci (MIC ≥ 4
mcg/mL) increased from 0% in 1993 to 1.7% in 1997-1998
(P = 0.01).66 In adults, the prevalence increased from 0% in
1993 to 3.7% in 1998. This was associated with an increase
in the consumption of fluoroquinolones. Overall, the number
of fluoroquinolone prescriptions increased from 0.8 to 5.5
per 100 persons per year between 1988 and 1997.66 In addi-
tion to the increase in prevalence of pneumococci with
reduced susceptibility to fluoroquinolones, the degree of
resistance also increased. From 1994 to 1998, there was a
statistically significant increase in the proportion of isolates
with a MIC for ciprofloxacin of greater than or equal to 32
mcg/mL (P = 0.04). 

Linares et al found an increase of ciprofloxacin-resistant
pneumococci in Spain from 0.9% in 1991-1992 to 3% in 1997-
1998.67 Ho and colleagues documented a marked increase in the
overall prevalence of non-susceptibility to the fluoroquinolones
when comparing results of surveillance carried out in Hong
Kong in 1998 and 2000.68,69 Over a two-year period, the preva-
lence of levofloxacin non-susceptibility increased from 5.5% to
13.3% among all isolates and from 9.2% to 28.4% among the
penicillin-resistant strains. In Northern Ireland ciprofloxacin
resistance was linked to penicillin resistance. Eighteen (42.9%)
of 42 penicillin-resistant pneumococci were resistant to
ciprofloxacin.70 Current rates of resistance in the United States
are low.71-74 Doern et al72 reported ciprofloxacin resistance rates
of 1.4%. The Centers for Disease Control and Prevention’s
Active Bacterial Core Surveillance (ABCs) program carried out
during 1995-1999 reported levofloxacin resistance rates of
0.2%.71 They have not included ciprofloxacin as one of the
agents they test. 

One study group reviewed 181 S. pneumoniae isolated in
Hong Kong in 1998. Hong Kong is an area with high rates of
resistance, which gives us a picture of what high levels of S. pneu-
moniae resistance can look like.68 Within three years, the resist-
ance of S. pneumoniae to fluoroquinolones has increased from
less than 0.5% to ofloxacin, to 5.5% for levofloxacin. Also, 4% of
penicillin-resistant isolates also were resistant to trovafloxacin, an
agent that was only approved for use in October 1998, demon-
strating the cross-resistance to newer quinolones. Resistance to
levofloxacin and trovafloxacin was found only in isolates that also
were penicillin-resistant.

One abstract detailed changes in S. pneumoniae resistance
among different drug classes. Unfortunately, although no MICs
or breakpoints are given, S. pneumoniae resistance grew from
0.1% to 0.6%, a growth rate over the period of about 600%.
While S. pneumoniae grew in several antibiotic classes and
among various agents, including macrolides, trimethoprim-sul-
famethoxazole (TMP-SMX), and cefuroxime, the greatest
growth in resistance was seen with levofloxacin.75 In another
study evaluating emergent resistance it was found that, compared
to cephalosporins and combination therapy, fluoroquinolones
were associated with the greatest risk for acquiring emergent
resistance during therapy, had the highest treatment failure due to
emergent resistance, the largest increase in treatment duration
due to resistance, and the largest decrease in clinical response
due to emergent resistance.76

Clinical Implications. Although treatment failures due to
beta-lactams, macrolides, and TMP-SMX resistance in pneumo-
cocci have been reported with meningitis and otitis media, the
relationship between drug resistance and treatment failures
among patients with pneumococcal pneumonia is less clear.77,78

However, fluoroquinolone resistance in pneumococci causing
pneumonia in association with clinical failures, although anec-
dotal, has been well-described.48-51,79,80

Reports of the development of resistance and clinical failures
appeared shortly after the introduction of ciprofloxacin in 1987.51-55

Weiss and colleagues described a nosocomial outbreak of fluoro-
quinolone-resistant pneumococci.80 Over the course of a 20-month
period, in a hospital respiratory ward where ciprofloxacin often
was used as empirical antimicrobial therapy for lower respiratory
tract infections, 16 patients with chronic bronchitis developed
lower respiratory tract infections caused by a strain of penicillin-
and ciprofloxacin-resistant S. pneumoniae (serotype 23 F). The
MIC of ciprofloxacin for all isolates was greater than or equal to
4 mcg/mL. All five patients with AECB due to the resistant strain
who were treated with ciprofloxacin failed therapy. Davidson et al
report four cases of pneumococcal pneumonia, treated empirically
with oral levofloxacin, that failed therapy.79 All cases were associ-
ated with the isolation of an organism that was either resistant to
levofloxacin prior to therapy or that had acquired resistance during
therapy. Two of the four patients had been or were on fluoro-
quinolones prior to initiating levofloxacin. 

From these and other studies, a number of risk factors may
identify the patients who are likely to be colonized or infected with
a fluoroquinolone-resistant pneumococci: patients who are older
than age 64, have a history of chronic obstructive lung disease,
and/or a prior fluoroquinolone exposure.66,69,71,74,81 None of the
CAP position papers published since the introduction of the fluo-
roquinolones for the treatment of pneumococcal pneumonia has
suggested that a history of previous fluoroquinolone use should be
a reason for caution when using one of these antimicrobials.

Year 2002 NCCLS Breakpoints: Evidence-Based
Support for Adoption of New Standards 

Prior to revising the NCCLS MIC breakpoints for S. pneumo-
niae, the clinical significance of the original S, I, R breakpoints
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(originally published in NCCLS document M100-S9) of the par-
enteral aminothiazolyl cephalosporins ceftriaxone/cefotaxime in
systemic non-meningeal pneumococcal infections (N-MPI) was
not fully elucidated.

To evaluate clinical outcomes in patients managed with ceftri-
axone/cefotaxime, one group, during the period January 1994
through October 2000, studied 522 episodes (in 499 adult patients)
of N-MPI (448 of severe pneumonia—clinical and x-ray findings
together with positive blood or invasive lower respiratory tract cul-
tures—and 74 of bacteremia from other origins). Of the 522, 74%
had serious underlying diseases, 14% nosocomial, and 7% polymi-
crobial infections.82 The 30-day mortality rate was 21%. Ceftriax-
one/cefotaxime MICs according to NCCLS were determined by
microdilution methods and Mueller-Hinton broth with lysed horse
blood. The frequency distribution in terms of ceftriaxone/cefo-
taxime MICs of strains was S less than or equal to 0.5 mcg/mL
413 (79%), I = 1 mcg/mL 79 (15%), R = 2 mcg/mL 30 (6%); no
strain with a ceftriaxone/cefotaxime MIC greater than 2 mcg/mL
was found. 

In ceftriaxone/cefotaxime-resistant strains the most common-
ly encountered serotypes were 14, 9, 23, and 6. In the 429
episodes of community-acquired pneumococcal infection
(polymicrobial and nosocomial cases were excluded), they corre-
lated the ceftriaxone/cefotaxime MICs and antibiotic therapy
(prescribed according to the attending physician’s criteria) with
the 30-day mortality rate. In 185 episodes treated with 1 g/d of
ceftriaxone (n = 171) or 1.5-2 g/8 h of cefotaxime (n = 14), the
mortality rates for patients with S, I, and R strains were 18%
(26/148), 13% (3/24), and 15% (2/13), respectively (P = 0.81). In
the 244 patients treated with other antibiotics, the mortality rates
for patients with S, I, and R strains were 18% (36/200), 12%
(4/33), and 9% (1/11), respectively (P = 0.55).82

Hence, patients infected with pneumococci with ceftriax-
one/cefotaxime MIC of 1 or 2 mcg/mL categorized as I or R by
NCCLS did not show an increased mortality rate compared to S
strains in N-MPI when treated with ceftriaxone (1 g/d) or cefo-
taxime (1.5-2 g/8h). These data support the higher breakpoints
for ceftriaxone/cefotaxime by the NCCLS that went into effect
in January 2002 for non-meningeal pneumococcal infections.
This study demonstrates that parenteral aminothiazolyl
cephalosporins such as ceftriaxone (1 g/day) or cefotaxime
(1.5-2 g/8 h) work well in adult patients with systemic non-
meningeal pneumococcal infections caused by strains with cef-
triaxone/cefotaxime MIC up to 1 mcg/mL. Based on their limit-
ed experience, they concluded it also is probable that this
observation is true for strains with ceftriaxone/cefotaxime
MICs of 2 mcg/mL. 

Moreover, the available data in children83 and adults suggest
the NCCLS interpretive breakpoints were appropriately modi-
fied for systemic non-meningeal pneumococcal infections, and
considered susceptible up to a ceftriaxone/cefotaxime MIC of 1
mcg/mL (NCCLS publication M100-S12, which went into
effect January 2002). Until further experience with isolates with
ceftriaxone/cefotaxime MIC = 2 mcg/mL accumulates, the
investigators strongly recommend continued monitoring of the

MIC of aminothiazolyl cephalosporins in all invasive pneumo-
coccal isolates, and assessment of clinical and bacteriological
outcomes.83

Antimicrobial Therapy 
With these considerations in focus, the purpose of this

antimicrobial treatment section is to review the various recom-
mendations, consensus panel statements, clinical trials, and pub-
lished guidelines. A rational analysis of this information also
will be performed, to generate a set of guidelines and protocols
for specific populations as these issues relate to the geriatric
patient.

Antibiotic Overview. A brief overview of agents that have
been used for treatment of CAP will help set the stage for out-
come-effective drug selection. (See Table 1.) The first-generation
cephalosporins have significant coverage against gram-positive
organisms. third-generation cephalosporins have  increased cov-
erage against aerobic gram-negative rods.84 Ceftazidime has cov-
erage against Pseudomonas, while cefoperazone has a somewhat
higher MIC. Some of the second-generation cephalosporins,
such as cefoxitin, cefotetan, and cefmetazole, provide coverage
against Bacteroides species. Imipenem has broad coverage
against aerobic and anaerobic organisms. Aztreonam provides
significant coverage for gram-negative bacilli such as
Pseudomonas.

Among the beta-lactams, the CDC-DRSPWG identifies
cefuroxime axetil, cefotaxime sodium, ceftriaxone sodium, or
ampicillin-sulbactam as recommended empiric agents. The
group notes, however, that among these agents, ceftriaxone and
cefotaxime have superior activity against resistant pneumococci
when compared with cefuroxime and ampicillin-sulbactam.2

Because it is recommended that cefotaxime be administered on a
q8h basis for treatment of CAP,2,85 and because the efficacy and
safety of once-daily ceftriaxone for inpatient CAP is well-estab-
lished, ceftriaxone is recommended by most experts and the
ASCAP Consensus Panel as the cephalosporin of choice for
management of CAP.85

The aminoglycosides are active against gram-negative aerobic
organisms. These agents generally are used for elderly patients
with severe CAP, particularly when Pseudomonas infection is
suspected. As a rule, the aminoglycosides are combined with a
third-generation cephalosporin or an extended spectrum
quinolone antibiotic, monobactam, or an extended spectrum
penicillin when used in these circumstances.86

The tetracyclines are active against S. pneumoniae, H. influen-
za, Mycoplasma, Chlamydia, and Legionella. There is, however, a
growing incidence of S. pneumoniae resistance to tetracyclines.89

These agents are alternatives to the macrolide antibiotics for
empiric therapy for CAP in young, healthy adults.88 Convenience
and coverage advantages of the new macrolides, however, have
thrust the tetracyclines into a secondary role for managing CAP.
Clindamycin has activity against anaerobes, such as B. fragilis.89,90

Its anaerobic coverage makes it a consideration for the treatment
of pneumonia in nursing home patients suspected of aspiration.
Metronidazole also has activity against anaerobic bacteria such as
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B. fragilis. It is used in combination with other antibiotics for the
treatment of lung abscesses, aspiration pneumonia, or anaerobic
infections.

Appropriate and Adequate Intensity of Antimicrobial
Coverage. Because macrolides and extended spectrum
quinolones have indications for monotherapeutic treatment of
CAP, they frequently get equal billing as initial choice agents
for management of CAP. However, the macrolides and extended
spectrum quinolones have clinically significant differences that
should be considered in the antibiotic treatment equation for
CAP. Accordingly, a careful analysis of the benefits and poten-
tial pitfalls of these agents should include a full accounting of
the relevant similarities and differences. It will help emergency
physicians, hospitalists, infectious disease specialists, and inten-
sivists develop criteria that suggest the appropriateness and suit-
ability that each of these classes may have in specific patient
subgroups.

Although the previously cited six organisms (S. pneumoniae,
H. influenzae, and M. catarrhalis, and atypical pathogens
Mycoplasma, Legionella, and C. pneumoniae) are the most com-
monly implicated pathogens in elderly patients with CAP, this
patient population also is susceptible to infection with gram-neg-
ative enteric organisms such as Klebsiella, Escherichia coli, and
Pseudomonas. In other cases, the likelihood of infection with
DRSP is high. When infection with these pathogens is likely,
intensification of empiric coverage should include antibiotics
with activity against these gram-negative species.3,20,21 From a
practical, antibiotic selection perspective, this requires that
macrolides be used in combination with a cephalosporin such as
ceftriaxone as initial, empiric therapy, or alternatively, an
advanced generation fluoroquinolone.

Clinical features or risk factors that may suggest the need for
intensification and expansion of bacterial and/or atypical
pathogen coverage include the following: 1) increasing fragility
(> 85 years of age, comorbid conditions, previous infection, etc.)
of the patient; 2) acquisition of the pneumonia in a skilled nursing
facility; 3) the presence of an aspiration pneumonia, suggesting
involvement with gram-negative or anaerobic organisms; 4)
chronic alcoholism, increasing the likelihood of infection with
Klebsiella pneumoniae; 5) pneumococcal pneumonia in an under-
lying disease-compromised individual who has not been vaccinat-
ed with pneumococcal polysaccharide antigen (Pneumovax); 6)
history of infection with gram-negative, anaerobic, or resistant
species of S. pneumoniae; 7) history of treatment failure; 8) previ-
ous hospitalizations for pneumonia; 9) patient requires or has had
previous ICU hospitalization for pneumonia; 10) acquisition of
pneumonia in a community with high and increasing resistance
among S. pneumoniae species; and 11) immunodeficiency and/or
severe underlying disease. Many of the aforementioned risk
groups also can be treated with the combination of a third-genera-
tion cephalosporin plus a macrolide, in combination with an
aminoglycoside when indicated.

As emphasized earlier in this report, most consensus panels,
infectious disease experts, textbooks, and peer-reviewed antimi-
crobial prescribing guides recommend, as the initial or preferred

choice, those antibiotics that, within the framework of monother-
apy or combination therapy, address current etiologic and mortal-
ity trends in CAP. As a general rule, for empiric initial therapy in
patients without modifying host factors that predispose to enteric
gram-negative or pseudomonal infection, they recommend those
antibiotics that provide coverage against the bacterial pathogens
S. pneumoniae, H. influenzae, and M. catarrhalis, as well as
against atypical pathogens Mycoplasma, Legionella, and C.
pneumoniae.36

Treatment Guidelines for CAP: Outcomes, Value,
and Institutional Implementation 

Based on a review of the available literature and personal
communications among the panel members, the ASCAP Consen-
sus Panel recommends implementation of institution-wide guide-
lines for patients with CAP. A strong case can be made for adopt-
ing such a strategy, especially when educational, process of care,
and quality review/improvement measures are put into place. 

In one study reviewed,91 a pneumonia guideline developed at
Intermountain Health Care included admission decision support
and recommendations for antibiotic timing and selection, based
on the 1993 ATS guideline.91 The study included all immuno-
competent patients older than age 65 with CAP from 1993
through 1997 in Utah; nursing home patients were excluded. The
investigators compared 30-day mortality rates among patients
before and after the guideline was implemented, as well as
among patients treated by physicians who did not participate in
the guideline program.

Overall, the research group observed 28,661 cases of pneu-
monia, including 7719 (27%) that resulted in hospital admission.
Thirty-day mortality was 13.4% (1037 of 7719) among admitted
patients and 6.3% (1801 of 28,661) overall. Mortality rates (both
overall and among admitted patients) were similar among
patients of physicians affiliated and not affiliated with Inter-
mountain Health Care before the guideline was implemented.
For episodes that resulted in hospital admission after guideline
implementation, 30-day mortality was 11.0% among patients
treated by Intermountain Health Care-affiliated physicians com-
pared with 14.2% for other Utah physicians. The guideline used
ceftriaxone without or without a macrolide such as azithromycin
or clarithromycin. 

An analysis that adjusted by logistic regression for age, sex,
rural vs. urban residences, and year confirmed that 30-day mor-
tality was lower among admitted patients who were treated by
Intermountain Health Care-affiliated physicians (odds ratio
[OR]: 0.69; 95% confidence interval [CI]: 0.49 to 0.97; P = 0.04)
and was somewhat lower among all pneumonia patients (OR:
0.81; 95% CI: 0.63 to 1.03; P = 0.08). The investigators conclud-
ed that implementation of a pneumonia practice guideline in the
Intermountain Health Care system was associated with a reduc-
tion in 30-day mortality among elderly patients with pneumonia. 

Explanations offered by the investigators for the decreased
mortality after guideline implementation include selection of
more appropriate antibiotics, timing of initial antibiotic adminis-
tration, and use of heparin prophylaxis against thromboembolic
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disease. For example, one study92 reported that mortality was
about 25% lower among inpatients when the initial, empiric
antibiotic regimen combined a third-generation cephalosporin
with a macrolide compared with cephalosporins alone, whereas
another investigation41 showed a 15% reduction in mortality when
antibiotics were administered within eight hours of hospitaliza-
tion. The guideline that was evaluated by Intermountain Health
Care recommended that antibiotics be administered before a
patient with pneumonia leaves the outpatient site of diagnosis. In
addition, admission orders included prophylactic heparin.

Another group conducted a comprehensive review of the
medical literature to determine whether guideline implementa-
tion for CAP reduces mortality and resource costs.93 These inves-
tigators noted that studies have shown significant changes in the
processes of care after implementation of guideline recommen-
dations for treatment of patients with CAP.94-96 The most exten-
sive of these studies consisted of a randomized trial that was con-
ducted in 19 hospitals and which included 1743 patients.12 This
study design provided reasonable internal validity (i.e., it is likely
that the differences in the process of care between the nine inter-
vention hospitals and the 10 control hospitals were due to the
implementation of the critical pathway). The trial’s motivation
was a desire to find means of cost-containment, inasmuch as the
primary hypothesis was that the critical pathway would reduce
the use of institutional resources without compromising the safe-
ty and efficacy of therapy.12

Two other studies have demonstrated an improvement in out-
come after implementation of guidelines: improvement of patient
response to antibacterial treatment in one97 and lower mortality
rates in the other.98 Both studies used an uncontrolled, before-and-
after design, but in one of the studies, the changes in the mortality
rate in the intervention hospital were compared with data from 23
other hospitals.98 In both of these studies, the improvement in out-
come was accompanied by a reduction in the cost of care. A third
study used an uncontrolled, before-and-after design to show that a
quality improvement program reduced time to initiation of anti-
bacterial treatment of patients with CAP, which is likely to
improve patient outcome. However, there was no direct measure-
ment of outcome. The reviewers conclude that the best-quality
evidence about the effects of guideline implementation shows that
they can be used to reduce unnecessary use of resources without
compromising the quality of care or patient outcomes.40,97

Correct Spectrum Coverage:
Outcome-Optimizing Regimens for CAP 

Because beta-lactams, advanced generation macrolides, and
extended-spectrum quinolones constitute the principal oral and
intravenous treatment options for CAP, the following sections
will discuss indications, clinical trials, side effects, and strategies
for their use in CAP. The discussion will focus on antibiotics
that: 1) provide, as combination therapy or monotherapy, appro-
priate coverage of bacterial and atypical organisms causing CAP;
2) are available for both outpatient (oral) and in-hospital (IV)
management; and 3) are supported by national consensus panels
or association guidelines. 

Beta-Lactams: Ceftriaxone for Combination Therapy in
CAP. The safety and efficacy of ceftriaxone for managing hospi-
talized patients with CAP has been well-established in numerous
clinical trials, including recent investigations confirming its equal
efficacy as compared to new generation fluoroquinolones. In this
regard, one recent study attempted to determine the comparative
efficacy and total resource costs of sequential IV to oral gati-
floxacin therapy vs. IV ceftriaxone with or without IV erythro-
mycin to oral clarithromycin therapy for treatment of CAP
patients requiring hospitalization.99

Two hundred eighty-three patients were enrolled in a random-
ized, double-blind, clinical trial; data collected included patient
demographics, clinical and microbiological outcomes, length of
stay (LOS), and antibiotic-related LOS (LOSAR). Overall, 203
patients were clinically and economically evaluable (98 receiving
gatifloxacin and 105 receiving ceftriaxone). It should be noted
that IV erythromycin was administered to only 35 patients in the
ceftriaxone-treated group, thereby putting a significant percent-
age (about 62%) of the ceftriaxone cohort at a “spectrum of cov-
erage” disadvantage because of the failure to include an agent
with coverage against atypical organisms. Despite this, oral con-
version was achieved in 98% of patients in each group, and the
investigators concluded that clinical cure and microbiological
eradication rates did not differ statistically between ceftriaxone
(92% and 92%) and gatifloxacin (98% and 97%).99

Given the concern about DRSP in hospitalized CAP patients,
there has been robust debate about the effectiveness of ceftriax-
one in pulmonary infections caused by DRSP. Attempting to
shed light on this issue, an important study evaluating actual clin-
ical outcomes in patients treated with beta-lactams for systemic
infection outside of the central nervous system (CNS) which was
caused by isolates of S. pneumoniae considered nonsusceptible
to ceftriaxone (MIC ≥ 1.0 mcg/mL) by pre-2002 NCCLS break-
points recently has been published by the Pediatric Infectious
Diseases Section, Baylor College of Medicine.100

The objective of the study was to determine the actual clini-
cal outcomes of patients treated primarily with beta-lactam
antibiotics for a systemic infection outside of the CNS caused
by isolates of S. pneumoniae nonsusceptible to ceftriaxone
(MIC ≥ 1.0 mcg/mL). A retrospective review was performed of
the medical records of children identified prospectively with
invasive infections outside of the CNS caused by isolates of S.
pneumoniae that were not susceptible to ceftriaxone between
September 1993 and August 1999. A subset of this group treated
primarily with beta-lactam antibiotics was analyzed for out-
come. Among 2100 patients with invasive infections outside the
CNS that were caused by S. pneumoniae, 166 had isolates not
susceptible to ceftriaxone. 

One hundred patients treated primarily with beta-lactam
antibiotics were identified. From this group, 71 and 14 children
had bacteremia alone or with pneumonia, respectively, caused by
strains with an MIC of 1.0 mcg/mL. Bacteremia or pneumonia
caused by isolates with a ceftriaxone MIC ≥ 2.0 mcg/mL
occurred in six and five children, respectively. Three children
with septic arthritis and one with cellulitis had infections caused
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by strains with a MIC to ceftriaxone of 1.0 mcg/mL. Most were
treated with parenteral ceftriaxone, cefotaxime, or cefuroxime
for one or more doses followed by an oral antibiotic. All but one
child were successfully treated. The failure occurred in a child
with severe combined immune deficiency and bacteremia (MIC
= 1.0 mcg/mL) who remained febrile after a single dose of ceftri-
axone followed by 12 days of cefprozil. The investigators con-
cluded that ceftriaxone, cefotaxime, or cefuroxime are adequate
to treat invasive infections outside the CNS caused by pneumo-
coccal isolates with MICs up to 2.0 mcg/mL. Accordingly, the
NCCLS breakpoints, as of January 2002, for the beta-lactam cef-
triaxone and cefotaxime were modified and up-calibrated so that
currently about 95-98% of all S. pneumoniae species are consid-
ered sensitive to ceftriaxone, as well as cefotaxime.10

Observational Trends from The ARM Database:
Ceftriaxone Vs. Cefotaxime for Streptococcus
pneumoniae

The Antimicrobial Resistance Management (ARM) program
was established to help individual institutions define their antimi-
crobial resistance problems and establish cause-effect relation-
ships that could lead to strategic interventions. To date, the ARM
program has entered more than 100 community and teaching
hospitals into a web-centered database. This observational data-
base currently has susceptability data on up to 19 different organ-
isms and up to 46 different antibiotics. As of January 2002, the
ARM program had collected data on more than 10 million total
isolates, and sensitivity data on more than 60,000 separate iso-
lates of S. pneumoniae.101

Evaluation of national S. pneumoniae sensitivity data for cef-
triaxone and cefotaxime revealed differences between the third-
generation cephalosporins. Using the pre-2002 NCCLS break-
point MICs for ceftriaxone and cefotaxime, the ARM database
demonstrated S. pneumoniae sensitivities to ceftriaxone and
cefotaxime of 80.4% and 69.2%, respectively. Since the 2002
NCCLS breakpoint MICs were adjusted equally for ceftriaxone
and cefotaxime, the observed sensitivity differences are not
expected to change once the new breakpoints are superimposed
from the new data.

The sensitivity differences between ceftriaxone and cefo-
taxime observed nationally also were seen in select geographic
sections of the country. Discrepancies in S. pneumoniae sensitivi-
ties between ceftriaxone and cefotaxime were demonstrated in
the Southeast region of the United States. However, the North-
east cohort of the ARM database showed no differences in sensi-
tivity percentages between ceftriaxone and cefotaxime.101

Since the ARM program originally was designed as an obser-
vational database to use antibiogram trending to identify resist-
ance patterns for individual hospitals, it is not capable of isolat-
ing the specific reason why national sensitivity differences exist
between ceftriaxone and cefotaxime. Additionally, for similar
reasons, the ARM program is not designed to identify why cer-
tain geographic sections of the United States demonstrate the dis-
crepancies in sensitivities and others do not. However, subanaly-
sis of the data suggests that the discrepancy between the third-

generation cephalosporins did not exist through the whole data-
base. The difference in sensitivity percentages appeared to
emerge during the last half of the 1990-2000 decade. This coin-
cides with the push to use cefotaxime on a twice-a-day basis vs.
a more traditional three-times-daily dosing regimen.101

Since cefotaxime exerts its antimicrobial activity as a function
of its time above the MIC of S. pneumoniae, a drop in dosing fre-
quency from TID to BID will increase the percentage of time
that the organism is exposed to subinhibitory concentrations.102

Without any significant post-antibiotic effect, the sensitivities of
cefotaxime to S. pneumoniae may fall. Further and more specific
MIC analysis is required to determine if the reduced dosing fre-
quency is related causally to the emergence of a sensitivity dis-
crepancy between cefotaxime and ceftriaxone.

Advanced Generation Macrolides. The established new gen-
eration macrolide antibiotics include the erythromycin analogues
azithromycin and clarithromycin.103,104 Compared to erythromy-
cin, which is the least expensive macrolide, the major advantages
of these newer antibiotics are significantly decreased gastrointesti-
nal side effects, which produce enhanced tolerance, improved
bioavailability, higher tissue levels, and pharmacokinetic features
that permit less frequent dosing and better compliance, as well as
enhanced activity against H. influenzae.105,106 In particular, the
long tissue half-life of azithromycin allows this antibiotic to be
prescribed for a shorter duration (5 days) than comparable antibi-
otics given for the same indications. Given the cost differences
between azithromycin and clarithromycin, as well as the
improved compliance patterns associated with short-duration ther-
apy, any rational approach to distinguishing between these agents
must consider prescription, patient, and drug resistance barriers. 

From the outset, it is fair to say that these macrolides—espe-
cially azithromycin—to a great degree, have supplanted the use
of erythromycin in community-acquired infections of the lower
respiratory tract. 

From the perspective of providing definitive, cost-effective,
and compliance-promoting therapy, the newer macrolide antibi-
otics, which include intravenous azithromycin for hospital-
based management, recently have emerged as some of the
drugs of choice—along with the new, extended spectrum
quinolones—for outpatient management of CAP.107 When used
as oral agents, they play a central role in management of pneu-
monia in otherwise healthy elderly individuals who do not
require hospitalization.

From an emergency medicine and in-hospital management
perspective, the value and desirability of macrolide therapy has
been enhanced significantly by availability of the intravenous
formulation of azithromycin, which has been approved for hospi-
talized patients with CAP. Unlike penicillins, cephalosporins, and
sulfa-based agents, azithromycin has the advantage of showing in
vitro activity against both atypical and bacterial offenders impli-
cated in CAP.25,26

The macrolides also have the advantage of a simplified dosing
schedule, especially azithromycin, which is given once daily for
only five days (500 mg po on day 1 and 250 mg po qd on days 2-
5). Clarithromycin requires a longer course of therapy and is
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more expensive. Clarithromycin costs approximately $68-72 for
a complete, 10-day course of therapy vs. $42-44 for a complete
course of therapy with azithromycin. 

Clarithromycin, however, is another alternative among
macrolides for outpatient treatment of CAP. It is now available in
once-daily formulation (1000 mg/d for 10 days) for oral use, but
an intravenous preparation currently is not available. In general,
the decision to use a macrolide such as azithromycin rather than
erythromycin is based on weighing the increased cost of a course
of therapy with azithromycin against its real-world advantages,
which include a more convenient dosing schedule; its broader
spectrum of coverage; its favorable drug interaction profile; and
its decreased incidence of gastrointestinal side effects, which
occur in 3-5% of patients taking a five-day, multiple-dose regi-
men.108 The introduction of a tablet formulation permits con-
sumption of the antibiotic without regard to food ingestion.

Azithromycin-Coagent (i.e., with Ceftriaxone) for Combi-
nation Therapy in Hospitalized CAP. Intravenous azithromycin
can be used for the management of hospitalized patients with
moderate or severe CAP.27,28,109 Currently, azithromycin is the only
advanced generation macrolide indicated for parenteral therapy in
hospitalized patients with CAP due to C. pneumoniae, H. influen-
zae, L. pneumophila, M. catarrhalis, M. pneumoniae, S. pneumo-
niae, or Staphylococcus aureus.25,26,109,110 This coverage would be
considered correct spectrum coverage for empiric therapy of CAP
in most patients. However, for hospitalized patients, who tend to
have co-morbid conditions, including underlying cardiorespirato-
ry disease, the addition of a beta-lactam (ceftriaxone/cefotaxime)
is considered mandatory by the ASCAP Consensus Panel.

Azithromycin dosing and administration schedules for hospi-
talized patients are different than for the five-day course used
exclusively for outpatient management, and these differences
should be noted. When this advanced generation macrolide is
used for hospitalized patients with CAP, 2-5 days of therapy with
azithromycin IV (500 mg once daily) followed by oral
azithromycin (500 mg once daily to complete a total of 7-10 days
of therapy) is clinically and bacteriologically effective. For
patients requiring hospitalization, the initial 500 mg intravenous
dose of azithromycin should be given in the ED.

Like the oral formulation, IV azithromycin appears to be well-
tolerated, with a low incidence of gastrointestinal adverse events
(4.3% diarrhea, 3.9% nausea, 2.7% abdominal pain, 1.4% vomit-
ing), minimal injection-site reactions (less than 12% combined
injection-site pain and/or inflammation or infection), and a low inci-
dence of discontinuation (1.2% discontinuation of IV therapy) due
to drug-related adverse patient events or laboratory abnormalities.111
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Emergencies in children with chronic renal failure (CRF),

although uncommon, represent a special clinical entity that

requires rapid recognition and appropriate management by the

emergency physician.
The challenge with these children is to identify both

reversible causes of chronic

renal failure which— if left

untreated—will further compro-

mise their renal function, and

potentially life-threatening con-

ditions that require immediate

interventions.Current practices and recom-

mendations regarding manage-

ment have changed significantly

during the past few years. For

example, intravenous or inhaled

albuterol has been shown to be

an effective, rapid, and safe

treatment for moderate hyper-

kalemia in children.Appropriate management of these emergencies requires a

knowledge of the basic pathophysiology and treatment regimens

currently being used for children with CRF, since many of these

emergencies may be treatment-related.

Emergency department (ED) physicians must be familiar

with advances in dialysis techniques and indications as well as

complications that may be associated with the use of this tech-

nology. In addition, the increasing use and success of renal

transplantation has created a subgroup of pediatric patients

with special needs that must be identified and met in the ED.

Each child with chronic renal failure presenting to the ED

should be carefully evaluated and final disposition made in con-

junction with the nephrologist.
— The Editor

IntroductionChronic renal failure (CRF)

is defined as an irreversible and

progressive reduction in the

glomerulofiltration rate (GFR)

to below 25% of normal level

(decline of 30 mL/min/1.73 m²)

for at least three months. 1
Crea-

tinine clearance (CCr) is a good

indicator of GFR and is helpful

in monitoring renal function of

children in various age groups.

(See Table 1.)The estimated incidence of

CRF ranges from one to three children per million in a popula-

tion younger than 16 years of age. Complications of CRF vary

with the degree of renal insufficiency and the nature of primary

renal disease. In children younger than 5 years, congenital renal

diseases, such as renal hypoplasia, renal dysplasia, and obstruc-

tive uropathy, are the most common cause of CRF. 2
In older

children, hereditary diseases, metabolic diseases and acquired

etiologies occur more frequently. Hereditary diseases include

juvenile nephritis, cystic kidney, and Alport syndrome. The

most frequent metabolic causes are cystinosis and oxalosis, and
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Death from submersion incidents is th
e second leading cause

of accidental death in children, with one-third of all survivors

sustaining significant neurological damage.1
-3 The exact per-

centage of the vast number of minor submersion incidents that

result in a lethal outcome is controversial. A 1977 study in

South Carolina reported that at least 15% of school children

had at least one submersion incident during the prior year.
4

With a reported drowning rate of 7.4 per 100,000 in that state,

the authors calculated that at

least one-half million incidents

per year occurred that presented

a serious risk of drowning in

South Carolina alone. This arti-

cle presents a review of the types

of submersion injuries, manage-

ment strategies, and ways to

prevent these occurrences.

— The Editor

Introduction

Every year, drowning claims between 6000 and 8000 people

in the United States.
5 Most of these victims are young, under the

age of 24.6 (See Table 1.) Drowning is the second largest cause

of injury-related death in people of this age group, and it is t
he

third leading cause of death for 1- to 15-year-olds. At all ages,

boys will drown three times more often than girls. M
ost drown-

ings occur within 10 feet of safety, and two-thirds of the victims

cannot swim.7 Boating accidents and floods are other well-

known scenarios of drowning. 

Adolescents (or parents) using alcohol and drugs not only are

at increased risk of drowning themselves, they also increase the

risk of those around them.8 Whether impaired judgment or loss

of self-protective reflexes is at fault is m
oot. The use of other,

more illicit drugs is th
ought to play a relatively major role in

drownings, but again, the true incidence is not known.

Since all water-related activities increase with warm weather,

the incidence of drownings will naturally increase in warmer

climates and weather. Drowning is a problem in all states,

including the arid desert states.
9

The most common sites of

drownings include home swim-

ming pools, bathtubs, and open

bodies of water. 

About 6% of drownings may

represent child abuse or

neglect.
10-12 In one study, as

many as 67% of bathtub submer-

sion incidents were found to

have a history consistent with

abuse or neglect.
13 Bathtubs are

the usual site of drowning in children younger than 1 year of age.1
4

Definitions

In order to discuss the circumstances of submersion injuries, a

uniform terminology is needed. The following terms are fre-

quently used and have been adapted from Modell and others.
15

Drowning. Drowning is suffocation by submersion in a

fluid, whether or not the fluid is aspirated into the lungs. This is

considered the cause of death if the death occurs within 24

hours of the insult.
16
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Though it occurs infrequently, intussusception must be con-
sidered as a possible cause of abdominal pain in the pediatric
age group. Since most children with intussusception are
younger than 1 year of age and non-verbal, the clinician must
maintain a high index of suspicion for this entity in any infant
who presents with vomiting, irritability, and/or lethargy. It is
the most common cause of intestinal obstruction in children
between 3 months and 6 years of
age.1 Intussusception is defined
as an invagination or telescop-
ing of a segment of intestine into
an adjacent portion of bowel.
The goal of the examining physi-
cian is early and accurate
recognition of this condition,
since a misdiagnosis or delay in
diagnosis may result in the need
for surgical reduction or intesti-
nal resection.2

Intussusception is a true
pediatric emergency that may
pose a diagnostic challenge for
even the most experienced physician. Unfortunately, a thorough
physical exam and plain abdominal radiographs often do not
provide sufficient information to reliably eliminate this disease
entity from the differential diagnosis of pediatric abdominal
pain. The diagnosis and management of intussusception has
evolved over time as surgeons and radiologists attempt to
improve the accuracy of diagnosis and the ease and effective-
ness of reduction.3 All physicians caring for infants and chil-

dren should maintain a high level of suspicion for intussuscep-
tion as a cause for pediatric abdominal pain.

— The Editor

Epidemiology
Intussusception has been recognized for hundreds of years,

but was not accurately described until 1793, when John Hunter
described an ileocolic intussus-
ception in a 9-month-old infant
at autopsy.4 While most studies
examining the prevalence of
intussusception are more than
30 years old, the rate constantly
varies between 1.5 and 4.3
cases per 1000 live births.5

Most recently, approximately
2.4 cases per 1000 live births
was reported in the United
States.5 There also may be
annual or seasonal fluctuations
secondary to environmental
influences, but this finding has

not been consistently supported in the literature.6

The condition can occur at any age, but it is estimated that
more than 50% of cases present in children younger than 1 year
of age, and most commonly between those 5 and 9 months of
age.2,5,7 Fewer than 10% of cases occur in children older than 5
years of age. Intussusception has been reported neonatally and
prenatally as a cause of intestinal atresia.8 There is a 2:1 male
predominance ratio.9 The literature has not supported any famil-
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Physician CME Questions

67. Causative pathogens in community-acquired pneumonia (CAP) are

identified in:

A. fewer than 10% of patients.

B. fewer than 20% of patients.

C. fewer than 30% of patients.

D. fewer than 40% of patients.

E. fewer than 50% of patients.

68. Beginning in January 2002, the National Committee on Clinical Lab-

oratory Standards (NCCLS) officially adopted new breakpoint mini-

mum inhibitory concentrations (MIC) for two third-generation ceph-

alosporins for non-meningeal sources of Streptococcus pneumoniae.

They are:

A. cefuroxime and ceftazadine.

B. cefuroxime and ceftriaxone.

C. ceftriaxone and cefaclor.

D. ceftriaxone and cefotaxime.

69. At the very least, empiric coverage for CAP must provide activity

against which of the following pathogens? 

A. S. pneumoniae, H. influenzae, and M. catarrhalis

B. Mycoplasma, Legionella, and C. pneumoniae

C. H. influenzae, M. catarrhalis, and Mycoplasma

D. S. pneumoniae, H. influenzae, and M. catarrhalis, as well as

against atypical pathogens Mycoplasma pneumoniae, Legionel-

la pneumoniae, and C. pneumoniae

70. Which of the following are recommended for drug resistant S.

pneumoniae as first-line, initial empiric monotherapy in individu-

als with outpatient CAP by the CDC Therapeutic Working

Group? 
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A. TMP-SMX 

B. Macrolides (azithromycin, erythromycin, or clarithromycin) 

C. Fluoroquinolones (levofloxacin, grepafloxicin, gatifloxacin) 

D. Cephalosporins (cefaclor) 

71. The CDC recommends that fluoroquinolones be reserved for selected

patients with CAP, among them those in which of the following

group(s)? 

A. Hospitalized adults for whom one of the first-line regimens

(cephalosporin plus a macrolide) has failed 

B. Those who are allergic to the first-line agents 

C. Those patients who have a documented infection with highly

drug-resistant pneumococci (i.e., penicillin MIC = 4 mcg/mL) 

D. All of the above 

72. With revised breakpoint MICs for cefotaxime and ceftriaxone, the

percent of resistant Streptococcus pneumoniae to these third-genera-

tion cephalosporins is expected to drop below:

A. 3-5% nationally.

B. 1% nationally.

C. 13-15% nationally.

D. 30-50% nationally.

73. Clinical features or risk factors that may suggest the need for inten-

sification and expansion of bacterial and/or atypical pathogen cov-

erage to include coverage of gram-negative organisms include the

following:

A. chronic alcoholism.

B. older than 85 years of age, comorbid conditions, previous 

infection.

C. acquisition of the pneumonia in a skilled nursing facility.

D. the presence of an aspiration pneumonia.

E. All of the above

74. Emergence of resistance among S. pneumoniae species to new gener-

ation fluoroquinolones has been reported in a number of geographic

regions, including:

A. Northern Ireland.

B. Hong Kong.

C. Canada.

D. All of the above
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Community-
Acquired

Pneumonia Part I

RAPID ACCESS MANAGEMENT GUIDELINESExclusive to our subscribers

ASCAP 2002 Guidelines—Empiric Antimicrobial Therapy of Choice
for Outpatient and In-Hospital Management of Patients with CAP
PATIENT PROFILE/ETIOLOGIC AGENTS FIRST-LINE ANTIBIOTIC THERAPY† ALTERNATIVE FIRST-LINE ANTIBIOTIC THERAPY

Otherwise Healthy Azithromycin PO Moxifloxacin PO (preferred) OR
< 60 years of age (Patients deemed to be Levofloxacin PO OR
suitable for outpatient/oral therapy, i.e., no Clarithromycin OR
systemic toxicity, high likelihood of compliance, Gatifloxacin PO
and supportive home environment)*

Otherwise Healthy Azithromycin PO Moxifloxacin PO (preferred) OR
> 60 years of age (Patients deemed to be Levofloxacin PO OR
suitable for outpatient/oral therapy, i.e., no Clarithromycin OR
systemic toxicity, high likelihood of compliance, Gatifloxacin PO
and supportive home environment)*

In-Hospital (not in intensive care unit) Ceftriaxone IV plus azithromycin IV††† Moxifloxacin OR
underlying risk factors or comorbid conditions: Levofloxacin IV OR
In-Hospital management (COPD, Gatifloxacin IV
history of pneumonia, diabetes, etc.)

CAP acquired in the nursing home environment Ceftriaxone IV plus azithromycin IV Moxifloxacin OR
(increased likelihood of gram-negative, E. coli, Levofloxacin IV OR
Klebsiella pneumoniae) Gatifloxacin IV

CAP in the elderly individual with chronic alcoholism Ceftriaxone IV plus azithromycin IV Cefotaxime†† plus erythromycin IV OR
(Increased likelihood of Klebsiella pneumoniae Levofloxacin IV OR
infection) Cefepime IV plus azithromycin IV

Severe bacteremic CAP with documented  Ceftriaxone IV plus moxifloxacin Vancomycin¶ plus azithromycin IV
S. pneumoniae species showing high-level  OR
resistance to macrolides and/or penicillin, but Ceftriaxone IV plus levofloxacin IV
maintaining high sensitivity to extended-
spectrum quinolones and cephalosporins 

Severe CAP complicated by structural disease Cefepime IV plus levofloxacin IV Ciprofloxacin IV plus cefepime IV 
of the lung (bronchiectasis): Increased plus/minus aminoglycoside OR plus azithromycin IV OR
likelihood of Pseudomonas and polymicrobial Ciprofloxacin IV plus aminoglycoside Imipenem IV plus azithromycin IV
infection IV plus azithromycin IV plus aminoglycoside

CAP in a patient with suspected aspiration Ceftriaxone IV plus azithromycin IV Levofloxacin IV plus clindamycin IV OR
(increases the likelihood of gram-negative  plus clindamycin IV Levofloxacin IV plus metronidazole IV OR
and anaerobic infection**) Gatifloxacin IV plus clindamycin IV

Severe CAP in a compromised host with a Moxifloxacin IV plus vancomycin IV Gatifloxacin IV plus
previous hospitalization for, or who resides in, OR vancomycin IV
a community or facility with a high reported Levofloxacin IV plus vancomycin IV
incidence of methicillin-resistant S. aureus 
(MRSA)***

CAP patient with severe pneumonia Ceftriaxone IV plus levofloxacin IV Cefepime IV plus aminoglycoside IV 
requiring ICU hospitalization*** plus/minus aminoglycoside plus azithromycin IV OR

(Pseudomonas strongly suspected) OR Imipenem IV plus aminoglycoside IV
Ceftriaxone IV plus plus azithromycin IV
azithromycin IV plus/minus
anti-pseudomonal agent

* Oral therapy/outpatient treatment recommendations are appropriate only for those otherwise healthy patients with CAP of mild enough 
severity that they are judged to be suitable candidates for outpatient management with oral antibiotics.

§ Quinolones generally are restricted for use in patients > 18 years of age.
¶ If S. pneumoniae demonstrates complete resistance to extended spectrum quinolones (very rare), third-generation cephalosporins, and macrolides, 

then vancomycin may be required as part of initial therapy, although this would be necessary only in rare circumstances.
† First-line therapy recommendations take into consideration cost of the drug (which may vary from one institution to another), convenience of dos-

ing, daily dose frequency, spectrum of coverage, side effects, and risk of drug-drug interactions.
†† Cefotaxime IV should be dosed on a q 8 hours basis when used for treatment of CAP.
†††Some institutions may use oral macrolide therapy for patients with mild-to-moderate CAP.
** When anaerobic organisms are suspected as one of the possible etiologic pathogens in a patient with CAP, clindamycin or a β-lactam/β-lactamase

inhibitor (ampicillin/sulbactam, ticarcillin/clavulanate, or ticarcillin/tazobacatam) is recommended.
*** High community prevalence of, previous history of hospitalization, or increasing local incidence of methicillin-resistant S. aureus (MRSA) in a patient with 

a clinical presentation consistent with S. aureus pneumonia; vancomycin should be considered as component for initial therapy.
‡ Adapted from references 2, 3, 9, 12, 20-31 
§§ Cefotaxime may be substituted for ceftriaxone, although ceftriaxone is preferred because of its once-daily dosing.

IDSA—Year 2002 Guidelines. 
Empirical Selection of Anti-
microbial Agents for Treating 
Patients with CAP

OUTPATIENTS

• Generally preferred are (not in any particular order): doxy-
cycline, a macrolide, or a fluoroquinolone.

• These agents have activity against the most likely 
pathogens in this setting, which include Streptococcus 
pneumoniae, Mycoplasma pneumoniae, and Chlamydia 
pneumoniae.

• Selection should be influenced by regional antibiotic sus-
ceptibility patterns for S. pneumoniae and the presence 
of other risk factors for drug-resistant S. pneumoniae.

• Penicillin-resistant pneumococci may be resistant to 
macrolides and/or doxycycline.

• For older patients or those with underlying disease, a fluo-
roquinolone may be a preferred choice; some authorities 
prefer to reserve fluoroquinolones for such patients.

HOSPITALIZED PATIENTS

• General medical ward

• Generally preferred are: an extended spectrum 
cephalosporin combined with a macrolide or a 
β-lactam/β-lactamase inhibitor combined with a 
macrolide or a fluoroquinolone (alone).

INTENSIVE CARE UNIT

• Generally preferred are: an extended spectrum 
cephalosporin or β-lactam/β-lactamase inhibitor plus 
either a fluoroquinolone or macrolide.

ALTERNATIVES OR MODIFYING FACTORS 

• Structural lung disease: antipseudomonal agents 
(piperacillin, piperacillin-tazobactam, imipenem, or 
cefepime) plus a fluoroquinolone (including high-dose 
ciprofloxacin)

• β-lactam allergy: fluoroquinolone ± clindamycin

• Suspected aspiration: fluoroquinolone with or without clin-
damycin, metronidazole, or a β-lactam/β-lactamase 
inhibitor

Note: β-lactam/β-lactamase inhibitor: ampicillin-sulbactam or 
piperacillin-tazobactam. Extended-spectrum cephalosporin: cefo-
taxime or ceftriaxone. Fluoroquinolone: gatifloxacin, levofloxacin, 
moxifloxacin, or other fluoroquinolone with enhanced activity 
against S. pneumoniae (for aspiration pneumonia, some fluoro-
quinolones show in vitro activity against anaerobic pulmonary 
pathogens, although there are no clinical studies to verify in vivo).
Macrolide: azithromycin, clarithromycin, or erythromycin ± with or
without.

Daily Drug Cost (WAC)*

DRUG AND DOSAGE COST/DAY

Azithromycin IV 500 mg $18.96
Ceftriaxone 1 gm IV qd 36.06
Levofloxacin 500 mg IV qd 33.00
Erythromycin 500 mg IV qid 5.20
Ciprofloxacin 400 mg IV bid 48.00
Cefotaxime 1 g IV tid 25.00
Tricarcillin-clavulanate 3.1 g qid 48.32

* WAC = Wholesale acquisition cost
Hospital formulary pricing guide, August 1999. WAC may not nec-
essarily reflect actual pharmacy costs or costs associated with
drug administration cost comparisons.
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Recommended Year 2000 CDC DRSP-WG Empiric Regimens 
for Treating Community-Acquired Pneumonia*

Penicillin MIC mcg/mL
Empiric treatment** ≤≤ 0.06 0.12-1 2 4 ≥≥ 8 Comments

Outpatients
Macrolide (erythromycin, clarithromycin, +++ + ± - - Covers atypical pathogens (Mycoplasma

or azithromycin) species Chlamydia species, and 
Legionella species)

Doxycycline (or tetracycline) +++ ++ + - - Covers atypical pathogens; not FDA-
approved for children younger than 
8 years

Oral β-lactam (cefuroxime axetil, +++ ++ + - - Does not cover atypical pathogens, 
amoxicillin, or alternatively cefpodoxime or cefprozil 
amoxicillin-clavulanate potassium) may be used

Fluoroquinolones (levofloxacin, +++ +++ +++ ++ ++ Not first-line treatment because of 
moxifloxacin, or gatifloxacin)† concerns about emerging resistance;

not FDA-approved for use in children;
covers atypical pathogens

Hospitalized (Nonintensive Care Unit) Patients
Parenteral β-lactam (cefuroxime, +++ +++ ++ ± - Ceftriaxone and cefotaxime have 

cefotaxime sodium, ceftriaxone sodium, superior activity against resistant 
or ampicillin sodium-sulbactam sodium) pneumococci in comparison with 
plus macrolide (erythromycin, clarith- ampicillin-sulbactam and with 
romycin, or azithromycin) cefuroxime.

Fluoroquinolones (e.g., moxifloxacin, +++ +++ +++ ++ ++ See previous comments about fluoro-
levofloxacin, gatifloxacin, or quinolones.
trovafloxacin)†

Intubated or Intensive Care Unit Patients‡

Intravenous β-lactam (ceftriaxone or +++ +++ ++ ± - Ceftriaxone or cefotaxime are preferred 
cefotaxime sodium) plus intravenous over other β-lactams because of their 
macrolide (erythromycin or azithromycin) superior activity against resistant 

pneumococci; clarithromycin has no 
intravenous formulation.

Intravenous β-lactam (ceftriaxone or +++ +++ ++ ++ ++ Ceftriaxone or cefotaxime are preferred 
cefotaxime) plus fluoroquinolone over other β-lactams; see previous 
(e.g., gatifloxacin, levofloxacin, moxi- comments about fluoroquinolones.
floxacin, or trovafloxacin)†

Fluoroquinolones (e.g., moxifloxacin, ++ ++ ++ ++ ++ See previous comments about fluoro-
levofloxacin, gatifloxacin, or trova- quinolones; efficacy of monotherapy 
floxacin)† for critically ill persons with pneumo-

coccal pneumonia has not been 
established.

* FDA indicates Food and Drug Administration. Ratings estimate clinical efficacy and in vitro susceptibility among persons with 
pneumococcal pneumonia. In-depth information on empiric treatment of pneumonia is given by the Infectious Disease 
Society of America and the American Thoracic Society guidelines.

† The relative antipneumococcal activity of these agents differs slightly, with that of trovafloxacin equal or superior to that of 
grepafloxacin, which equals that of sparfloxacin, which is superior to that of levofloxacin. Because of new data showing an 
association with serious liver damage, the FDA issued a public health advisory recommending that trovafloxacin be used 
only for patients with serious and life- or limb-threatening infections who receive initial treatment in an inpatient health care 
facility and for whom physicians believe that the benefit of the agent outweighs its potential risk.

‡ Vancomycin hydrochloride may be indicated for the treatment of selected critically ill children with community-acquired 
pneumonia for whom coverage of drug-resistant Streptococcus pneumoniae must be ensured.

** Adaptations made to reflect introduction of new agents since report was published.


