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Background: Although medical practice guidelines
exist, there have been no large-scale studies assessing
the relationship between initial antimicrobial therapy
and medical outcomes for patients hospitalized with
pneumonia.

Objective: To determine the associations between ini-
tial antimicrobial therapy and 30-day mortality for these
patients.

Methods: Hospital records for 12 945 Medicare inpa-
tients (=65 years of age) with pneumonia were re-
viewed. Associations between initial antimicrobial regi-
mens and 30-day mortality were assessed with Cox
proportional hazards models, adjusting for baseline dif-
ferences in patient characteristics, illness severity, and
processes of care. Comparisons were made with pa-
tients treated with a non-pseudomonal third-generation
cephalosporin alone (the reference group).

Results: Initial treatment with a second-generation ceph-
alosporin plus macrolide (hazard ratio [HR], 0.71; 95%

confidence interval [CI], 0.52-0.96), a non-pseudo-
monal third-generation cephalosporin plus macrolide
(HR, 0.74;95% CI, 0.60-0.92), or a fluoroquinolone alone
(HR, 0.64; 95% CI, 0.43-0.94) was independently associ-
ated with lower 30-day mortality. Adjusted mortality among
patients initially treated with these 3 regimens became
significantly lower than that in the reference group be-
ginning 2, 3, and 7 days, respectively, after hospital ad-
mission. Use of a B-lactam/B-lactamase inhibitor plus mac-
rolide (HR, 1.77;95% CI, 1.28-2.46) and an aminoglycoside
plus another agent (HR, 1.21;95% CI, 1.02-1.43) were as-
sociated with an increased 30-day mortality.

Conclusions: In this study of primarily community-
dwelling elderly patients hospitalized with pneumonia,
3 initial empiric antimicrobial regimens were indepen-
dently associated with a lower 30-day mortality. The more
widespread use of these antimicrobial regimens is likely
to improve the medical outcomes for elderly patients with
pneumonia.
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ACH YEAR in the United States

approximately 4 million

adults develop pneumonia, of

whom more than 1 million

patients are hospitalized.**
In 1993, in-hospital mortality for pneumo-
nia among patients older than 65 years was
10.7 deaths per 100 discharges, and in that
year alone $3.5 billion was spent on inpa-
tient care of Medicare patients with this ill-
ness.’ Because of the substantial mortality
of pneumonia, particularly among the el-
derly, it is essential that initial antimicro-
bial therapy have activity against the caus-
ative organism(s). Unfortunately, the
causative organism(s) are often unknown
at the time antimicrobial therapy is initi-
ated; bacteriological culture results and
other microbiological studies are positive
in less than 50% of hospitalized patients,
even in carefully conducted prospective
studies of pneumonia etiology.*®

Wide variations in antimicrobial pre-
scribing practices exist for the treatment
of community-acquired pneumonia.'®"* To
reduce this variation and improve the ap-
propriateness of antimicrobial therapy, the
Infectious Disease Society of America
(IDSA) and the American Thoracic Soci-
ety (ATS) have published guidelines for
empirical antimicrobial therapy for this

See also pages 2511
and 2576

illness.'*!> However, these guidelines
were derived from a limited number of
clinical studies of pneumonia etiology and
have not been validated in clinical prac-
tice.'*!° Consequently, even the authors
of these guidelines have advocated cau-
tion in their clinical adoption until the im-
plications for patient outcomes are better
understood.'®
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PATIENTS AND METHODS

STUDY POPULATION

The Medicare Quality Indicator System is a Health Care Fi-
nancing Administration—sponsored standardized data col-
lection system developed to assess quality of care for hos-
pitalized patients with specific clinical conditions. The
Medicare Quality Indicator System pneumonia module, a
national, community-based, retrospective study of pneu-
monia care in adults aged 65 years and older who were com-
munity-dwelling or admitted from an LCF, was initiated
in March 1994."

SAMPLE SELECTION

Sample selection has been described in detail previ-
ously." Briefly, from October 1, 1994, through September
30, 1995, potential pneumonia cases were identified by the
Health Care Financing Administration from the Medicare
National Claims History File if they had a principal dis-
charge diagnosis of pneumonia according to International
Classification of Diseases, Ninth Edition, Clinical Modifica-
tion* (ICD-9-CM) codes, or if they had a principal dis-
charge diagnosis of respiratory failure and a secondary di-
agnosis of pneumonia. With the use of a random selection
procedure, 26 000 discharges (500 from each state, the Dis-
trict of Columbia, and Puerto Rico) were selected from ap-
proximately 650 000 nonfederal, acute care hospital dis-
charges with pneumonia.

After potential cases were identified, data were ex-
tracted from the medical records to confirm the diagnosis
of pneumonia and to apply exclusion criteria. Of the 26 000
potential cases, medical records were obtained from 25 561
(98.3%). Case confirmation required that the patient have
an ICD-9-CM code for pneumonia,” that a clinician docu-
ment an initial working diagnosis of pneumonia, and that a
chest x-ray examination performed within the first 48 hours
after hospital presentation be reported as consistent with
pneumonia. Patients were excluded if they were younger than
65 years, had experienced acute care hospitalization within
the previous 10 days, were infected with the human immu-
nodeficiency virus, had the acquired immunodeficiency syn-
drome, had a history of organ transplantation (heart, lung,
liver, kidney, or bone marrow), had been exposed to che-
motherapy or immunosuppressive therapy within the pre-
vious 2 months, had been transferred from another acute care
facility, or had died or been discharged on the date of hos-
pitalization. Patients in whom we could not document de-
livery of antimicrobial therapy within 48 hours after hospi-
talization (n = 483), patients whose residence was unknown
(n = 68), patients whose 30-day mortality could not be veri-
fied (n = 33), and patients with missing information on the
exact time of antimicrobial administration or the exact time
of blood culture performance (n = 874) were not included
in these analyses. For patients with more than 1 pneumonia

hospitalization during the study period (n = 113), only the
initial episode of pneumonia was included.

DATA COLLECTION

Hospitals were asked to provide copies of the medical re-
cords of potential cases. Trained medical record abstrac-
tors collected the data from the medical records by means
of an electronic data collection instrument. Abstracted data
were merged with hospital claims data provided by the
Health Care Financing Administration. Reliability testing
indicated moderate to excellent interabstractor agree-
ment, with k statistics ranging from 0.48 to 0.95 for pneu-
monia confirmation and exclusion criteria, clinical char-
acteristics, antimicrobial therapy before hospitalization,
timing of initial antimicrobial therapy, and performance of
blood cultures within 24 hours of hospitalization."

DATA ELEMENTS

Five categories of variables were used in this study: (1) case
confirmation and exclusion criteria (listed previously), (2)
patient characteristics, (3) processes of care, (4) antimi-
crobial agents prescribed, and (5) medical outcomes. Pa-
tient characteristics included demographic characteristics
(age, sex, and coming from an LCF), comorbid illnesses
(cerebrovascular disease, congestive heart failure, and neo-
plastic disease excluding skin cancer, liver disease, and re-
nal disease), physical examination findings (abnormal men-
tal status, temperature, heart rate, respiratory rate, systolic
blood pressure), and laboratory or radiographic results (ar-
terial pH, serum urea nitrogen level, sodium level, glu-
cose level, hematocrit, Pa0,, and pleural effusion). For pur-
poses of this study, an LCF consisted of a skilled nursing
home or a long-term or intermediate care facility.

Each patient’s risk of 30-day mortality was assessed by
means of a validated pneumonia-specific mortality risk in-
dex with demonstrated accuracy and discrimination among
Medicare patients with pneumonia.'*?? Patients were as-
signed to 1 of 4 severity categories (risk classes 1I-V) based
on the presence of the 3 demographic characteristics, 5 co-
morbid illnesses, 5 physical examination abnormalities, and
7 laboratory or radiographic findings listed above. The physi-
cal examination and laboratory values used were the first re-
corded findings in the initial 24 hours of hospitalization. All
other patient characteristics were taken from abstracted data
elements except liver disease and neoplastic disease, which
were derived from a combination of abstracted data ele-
ments and coded secondary ICD-9-CM diagnoses, and renal
disease, which was assessed from secondary diagnosis codes.

Process of care variables included hospital arrival date
and time, blood culture collection date and time, and ini-
tial antimicrobial administration date and time. Initial in-
tensive care unit (ICU) admission was defined as ICU treat-
ment with the following procedures documented within 24

Continued on next page

To better understand current prescribing practices
and to assess associations between empirical antimicro-
bial therapy and patient outcomes, we designed a study
with the following aims: (1) to describe the initial anti-
microbial regimens most frequently prescribed for all hos-
pitalized patients, including the subsets of community-

dwelling patients and those admitted from long-term care
facilities (LCFs), and (2) to assess the associations be-
tween initial antimicrobial regimens, 30-day mortality,
and other relevant medical outcomes. Our primary hy-
pothesis was that initial antimicrobial therapy, which in-
cludes coverage for “atypical” in addition to “typical” bac-

ARCH INTERN MED/VOL 159, NOV 22, 1999 WWW.ARCHINTERNMED.COM

2563

Downloaded from www.archinternmed.com on June 14, 2009
©1999 American Medical Association. All rights reserved.


http://www.archinternmed.com

hours of arriving at the hospital: insertion of an endotra-
cheal tube, respiratory tract intubation, continuous posi-
tive airway pressure mechanical ventilation, pulmonary ar-
tery catheterization or monitoring, cardiac output
determination by thermodilution, or central venous cath-
eter monitoring. Use of all antimicrobial agents was as-
sessed from abstracted data. For each antimicrobial agent
prescribed, the date and time of the first dose were re-
corded; however, the route of administration and discon-
tinuation date were not recorded. The initial antimicro-
bial regimen was defined as all antimicrobial agents used
during the first 48 hours after arrival at the hospital.

The cause of pneumonia was defined by the presence
of ICD-9-CM diagnosis codes for Streptococcus pneumo-
niae, gram-negative bacilli (Klebsiella pneumoniae, Pseudo-
monas aeruginosa), Haemophilus influenzae, staphylococ-
cal species (Staphylococcus aureus, Staphylococcus
epidermidis), viral pneumonia, fungal pneumonia, Pneu-
mocystis carinii, aspiration pneumonia, miscellaneous or-
ganisms, and unknown etiology.*' High-risk pneumonia eti-
ology was defined as gram-negative rod, staphylococcal
species, or aspiration pneumonia.'”*

Outcome variables were the date of hospital dis-
charge, date of subsequent hospitalization if applicable, and
date of death. Mortality data were obtained from the Medi-
care Enrollment Database, and rehospitalization was as-
sessed by means of Medicare part A claims. Mortality was
defined as death within 30 days from the date of the index
hospitalization. Length of stay (LOS) was defined as the dis-
charge date minus the admission date. Rehospitalization was
defined as any hospitalization within 30 days from the dis-
charge date of the index hospitalization. Assessments of hos-
pital (LOS) and rehospitalization were limited to patients sur-
viving the index hospitalization for pneumonia who were
not directly transferred to another acute care hospital.

METHODS OF ANALYSIS

Associations between patient outcomes (ie, mortality, re-
hospitalization, and LOS) and initial antimicrobial regi-
mens that accounted for greater than 1% of all initial regi-
mens were assessed in all patients and in 2 patient subsets.
These 2 patient subsets consisted of patients who were (1)
community-dwelling (n = 9751) and (2) LCF-dwelling
(n =3194). Associations between patient outcomes and ini-
tial antimicrobial regimens were also assessed by stratifi-
cation according to severity risk classes. Because of the small
number of patients in risk class II (n = 1189), patients in
risk classes II and 111 were combined (n = 4099).

For categorical data, proportions were compared by
means of the Pearson x? test. For each antimicrobial regi-
men, testing for trends in frequency of antimicrobial regi-
men use by severity risk class was performed with the
Mantel-Haenszel x* test for trend. For continuous data (eg,
LOS), we calculated medians with interquartile ranges and
means with SDs. All LOS analyses were performed with

the log transformation of the actual LOS as the dependent
variable.

The independent associations between initial antimi-
crobial regimens and 30-day mortality were assessed by Cox
proportional hazards models. Hazard ratios (HRs) and 95%
confidence intervals (Cls) were estimated for each initial an-
timicrobial regimen, adjusting for the following independent
variables: antimicrobial therapy before hospitalization, 4 base-
line pneumonia severity risk classes, arrival from an LCF, ini-
tiation of antimicrobial therapy within 8 hours of hospital ar-
rival, performance of blood cultures within 24 hours of hos-
pitalarrival, region of enrollment within the United States, ICU
treatment on day 1 of hospitalization, change in antimicrobial
therapy after the initial 48 hours of hospitalization, and high-
risk pneumonia etiology. With the exception of previous an-
timicrobial therapy and region of enrollment, all of these pa-
tient characteristics and process measures have previously been
shown to have a significant association with short-term mor-
tality in patients with pneumonia.'® Significant 2-way inter-
actions between ICU treatment and high-risk etiology, ICU
treatment and risk class, and coming from an LCF and high-
risk etiology were identified and used as independent variables
in the Cox proportional hazards models. The reference cat-
egory used for initial antimicrobial regimen was therapy with
anon-pseudomonal third-generation cephalosporin only (ie,
ceftriaxone, cefotaxime, or ceftizoxime), an initial regimen rec-
ommended by the ATS and the IDSA guidelines for hospital-
ized patients with moderate to severe pneumonia.'>®

Log-log survival plots were constructed to assess the
proportionality assumption underlying the Cox models.*
The results of all Cox models were confirmed by logistic
regression, indicating that our results were insensitive to
modeling technique.”

To further assess the association between initial anti-
microbial regimen and 30-day mortality, 2 separate Cox mod-
els were performed in community-dwelling patients
(n =9751) and patients admitted from an LCF (n =3194).
In addition, 3 separate Cox models were performed in pa-
tients in risk classes II and III (n = 4099), patients in risk
class IV (n = 5711), and patients in risk class V (n = 3135).
All of the previously described independent variables used
in the overall Cox model were used in these analyses. We
varied our definition of initial empirical antimicrobial therapy,
specifying it as antimicrobial therapy in the first 8 hours and
24 hours of hospital admission to ensure that our results were
insensitive to the time threshold used. We also excluded the
171 patients who died within 48 hours of hospital admis-
sion, since initial antibiotic therapy is unlikely to have in-
fluenced their mortality.

To assess the independent associations between ini-
tial antimicrobial regimens and other medical outcomes (ie,
LOS and 30-day rehospitalization), linear regression analy-
sis was used when the dependent variable was LOS and Cox
modeling was used when the dependent variable was re-
hospitalization. All independent variables used in the Cox
models for mortality were used in these analyses.

terial pathogens, would be associated with lower 30-day
mortality. We made an explicit decision to separately
assess the impact of initial antimicrobial therapy on medi-
cal outcomes among patients admitted from the commu-
nity and from LCFs caused by differences in socio-
demographic factors, comorbidity, illness severity, and
pneumonia etiology across these patient subsets.>!"!8

— T

The study population was composed of 12 945 eligible pa-
tients: 9751 (75.3%) community-dwelling and 3194
(24.7%) admitted from an LCF. Study patients had a mean
(+SD) age of 79.4 = 8.1 years; 84.4% were white, and 50.7%
were female (Table 1). The majority of patients (58.1%)
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Table 1. Demographic and Clinical Characteristics of the Study Population
Community Dwelling Long-term Care Facility Dwelling* Total Study Cohort
Characteristic (n = 9751) (n =3194) (N = 12 945)
Demographics
Age, mean, yt 78.1 83.5 79.4
Race, % white 84.3 84.9 84.4
Sex, % femalet 48.5 57.2 50.7
Comorbid illness, %
Congestive heart failuret 25.3 34.6 27.6
Coronary artery diseaset 255 30.4 26.7
Cerebrovascular diseaset 15.8 35.1 20.6
Neoplastic diseaset 93 6.8 8.7
Chronic renal diseaset 2.9 4.6 &3
Chronic liver disease 0.9 0.7 0.8
Physical examination findings, %
Altered mental statust 9.4 47.7 18.9
Respiratory rate =30/mint 232 339 25.9
Pulse =125 beats/mint 10.1 11.4 10.4
Systolic blood pressure <90 mm Hgt 2.4 6.0 3.3
Temperature <35°C or =40°Ct 1.6 2.2 1.8
Laboratory and radiographic results, %
Serum urea nitrogen >10.7 mmol/L (>30 mg/dL)t 19.5 422 25.1
Glucose =13.9 mmol/L (=250 mg/dL)t 7.3 015 7.8
Hematocrit <0.301 6.3 10.1 7.2
Sodium <130 mmol/L 5.4 5.2 5.8
Pao, <60 mm Hgt 22.0 19.4 214
Arterial pH <7.35% 6.9 9.8 7.6
Pleural effusion 19.1 19.4 19.2
Antimicrobial therapy, %
Previous antimicrobial therapyt 24.4 34.0 26.8
Antimicrobial therapy initiated <8 h 80.9 80.4 80.8
Blood cultures within 24 h of hospital arrival, %t 65.7 711 67.1
Intensive care unit treatment, day 1 of admission, % 2.6 2.8 2.7
Severity of illness risk classification, %%
Risk class It 115 0.3 8.7
Risk class It 28.7 5.4 229
Risk class IVt 447 424 441
Risk class V' 15.1 52.0 24.2
Pneumonia etiology, %
Streptococcus pneumoniaet 7.5 3.9 6.6
Haemophilus influenzaet 4.7 2.5 4.1
Staphyloccocal speciest 2.8 6.0 3.6
Pseudomonas aeruginosa 3.3 3.8 3.4
Klebsiella pneumoniae 1.9 2.3 2.0
Othert§ 3.7 2.5 3.4
Aspiration pneumoniat 5.9 22.9 10.1
Unknownt 63.0 52.8 60.5

*Admission from a long-term care facility consisted of residence at a skilled nursing home, intermediate care, or long-term care facility before hospitalization.

All other patients were defined as community dwelling.

tStatistically significant differences (P<.05) between patient subsets (ie, community dwelling and long-term care facility dwelling) were identified

by the x? test with the exception of age, where an unpairedt test was used.

TRisk class was determined according to the methods of Fine et al.?? There were no risk class | patients, who by definition are all younger than 50 years.
§0ther microbiological etiology included viral pneumonia (n = 93), fungal pneumonia (n = 53), Pneumocystis carinii (n = 2), and pneumonia due to other

unspecified organisms (n = 263).

had at least 1 comorbid illness, and 68.3% were in the 2
highest severity risk classes (IV and V) at initial exami-
nation. The most frequently coded bacteriological patho-
gens were S pneumoniae (6.6%), and H influenzae (4.1%);
10.1% of patients were coded as having aspiration pneu-
monia and 60.5%, an unknown pneumonia etiology.

In comparison with community-dwelling patients,
patients admitted from an LCF were older and had a
higher prevalence of the most prevalent comorbid ill-
nesses and a substantially higher prevalence of altered
mental status, vital sign abnormalities, laboratory

abnormalities, and high-risk etiology. More than 94% of
all patients admitted from an LCF were in risk classes
IV and V.

INITIAL ANTIMICROBIAL REGIMENS

The 3 most commonly used initial antimicrobial regi-
mens were a non-pseudomonal third-generation ceph-
alosporin only (ceftriaxone, cefotaxime, ceftizoxime) in
26.5%, a second-generation cephalosporin only (cefu-
roxime) in 12.3%, and a non-pseudomonal third-gen-
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Table 2. Use of Initial Antimicrobial Regimens and 30-Day Mortality by Admission Source*

Prevalence of

Antimicrobial Regimen, %

30-d Mortality, % (95% Cl)

ICommunity LCF Total I Community LCF Total
Dwelling Dwellingt Study Cohort Dwelling Dwelling} Study Cohort
Initial Antimicrobial Regimenst (n=9751) (n=23194) (N =12945) (n = 9751) (n = 3194) (N = 12 945)
First-generation cephalosporin only§ 3.7 2.4 3.3 .8(6.9-13.3) 19.7 (11.4-30.4) 11.6 (8.7-14.9)
Second-generation cephalosporin only§ 13.5 8.7 12.3 3(7.7-10.9) 23.5(18.6-28.9) 11.7 (10.1-13.4)
Pseudomonal third-generation cephalosporin only§ 1.6 2.2 1.7 10 6(6.2-16.6) 29.0 (18.6-41.1) 16.4 (11.7-21.9)
Non-pseudomonal third-generation cephalosporins only 25.6 29.2 26.5 10.7 (9.5-11.9)  26.2 (23.4-29.1) 14.9 (13.7-16.1)
(reference group)§
Ceftriaxone§ 17.8 201 18.4 9.8(8.4-11.2) 27.3(23.8-30.8) 14.5(13.1-15.9)
Cefotaxime§ 6.6 7.7 6.9 12.9 (10.4-15.7) 24.5(19.2-30.3) 16.1 (13.7-18.7)
Ceftizoxime 1.0 0.9 0.9 10.8 (5.3-18.8)  20.7 (8.0-39.7) 13.1 (7.7-20.4)
B-Lactam/B-lactamase inhibitors only§ 6.7 9.8 7.5 14.1 (11.4-16.9) 27.7 (22.8-33.0) 18.5 (16.0-21.0)
Ampicillin/sulbactam§ 3.9 5.4 43 13.4 (10.1-17.2) 22.0 (16.0-28.8) 16.1 (13.1-19.3)
Ticarcillin/clavulanate§ 2.4 3.8 2.8 14.5 (10.2-19.6) 33.9 (25.5-43.0) 21.1 (16.9-25.6)
Piperacillin/tazobactam§ 0.3 0.6 0.4 15.2 (5.1-31.8)  36.8 (16.2-61.6) 231 (12.5-36.8)
Macrolides only§ 2.2 0.8 1.8 8.6 (5.2-13.2)  20.0 (6.8-40.7) 8 (6.3-14.3)
Erythromycing 1.1 0.6 1.0 10.8 (5.7-18.1)  11.1 (1.4-34.7) 10 9 (6.1-17.5)
Clarithromycin§ 0.7 0.1 0.6 4.3 (0.9-12.0) 25.0(0.6-80.5) 4(1.5-13.2)
Azithromycin 0.2 0.1 0.2 14.3 (3.0-36.3)  50.0 (1.3-98.7) 17 4 (5.0-38.7)
Second-generation cephalosporin plus macrolide§ 5.0 1.7 42 7.8 (5.6-10.5) 13.0 (5.4-24.9) 4 (6.2-11.0)
Non-pseudomonal third-generation cephalosporins plus 10.2 4.6 8.8 6.8 (5.3-8.6)  24.3 (17.6-32.0) .1(7.5-10.9)
macrolide§
Ceftriaxone + macrolide§ 7.0 3.2 6.1 2(53-9.3) 18.8(11.7-27.8) 7 (6.8-10.8)
Cefotaxime + macrolide§ 2.5 1.1 2.2 .5(3.8-10.8)  40.0 (23.8-57.8) 10 7(7.3-14.9)
Ceftizoxime + macrolide 0.5 0.3 0.4 3(0.5-14.5) 37.5(8.5-75.5) 1(3.0-19.9)
B-Lactam/B-lactamase inhibitors plus macrolide§ 1.6 0.8 1.4 17 8 (12.0-24.7) 50.0 (29.1-70.8) 22 2 (16.2-29.0)
Ampicillin/sulbactam + macrolide§ 0.9 0.3 0.8 14.8 (8.1-23.9)  40.0 (12.1-73.7) 17.4 (10.4-26.3)
Ticarcillin/clavulanate + macrolide 0.6 0.3 0.5 241 (13.4-37.6) 60.0 (26.2-87.8) 29.7 (18.9-42.4)
Piperacillin/tazobactam + macrolide 0.1 0.1 0.1 10 0 (0.3-44.5) 33.0(0.8-90.5) 15.4 (1.9-45.4)
Fluoroguinolones only§ 1.7 2.7 2.0 1(38.7-12.0) 17.4(10.1-27.1) 10 6 (7.1-14.9)
Ciprofloxacing 1.2 2.1 14 7(29-12.8) 15.2(7.5-26.1) 7 (5.9-14.9)
Ofloxacin 0.5 0.6 0.5 8(2.2-18.8) 21.1(6.1-45.5) 11 4 (5.1-21.2)
Aminoglycosides plus any other antimicrobial agent(s)§ 53 10.1 6.5 18 2 (14.9-21.7) 33.1(28.0-38.5) 24.0(21.0-26.9)
All other regimens§|| 23.1 271 241 13.6 (12.2-15.1) 30.7 (27.6-33.8) 18.4 (17.0-19.7)
Total NA NA NA 11.2 (10.0-11.9) 27.5(26.5-29.1) 15.3 (14.6-15.9)

*Cl indicates confidence interval; LCF, long-term care facility; and NA, not applicable. Percentages for the individual antimicrobial agents within antimicrobial
regimens may not sum to the total category percentage because of rounding error.

1t The specific antimicrobial agents associated with these regimens were cefazolin for first-generation cephalosporin only; cefuroxime for second-generation
cephalosporin only; ceftazidime for pseudomonal third-generation cephalosporin only; erythromycin, clarithromycin, or azithromycin for macrolides;

and gentamicin, tobramycin, or amikacin for aminoglycosides.

FLCF denotes admission from a long-term care facility. Admission from an LCF consisted of residence at a skilled nursing home, intermediate care facility,
or LCF before hospitalization. All other patients were defined as community dwelling.

§Statistically significant differences (P<.05) between the 2 patient subsets (ie, community dwelling and LCF dwelling) for comparisons of frequency

of use of intial antimicrobial regimens by means of the x? test.

|The “all other regimens” category comprised a total of 851 unique antimicrobial regimens. The most frequent regimens were ceftriaxone plus cefuroxime

(n = 97), imipenem/cilastatin only (n = 87), and cefotetan only (n = 67).

eration cephalosporin (as above) plus a macrolide in 8.8%
(Table 2). Significant differences in the prevalence of
use of virtually all initial antimicrobial regimens existed
across the 2 patient subsets (P<<.05). Initial therapy with
anon-pseudomonal third-generation cephalosporin only,
a B-lactam/B-lactamase inhibitor only, a fluoroquino-
lone only, or an aminoglycoside plus another agent was
more common among patients admitted from an LCF.
Significant differences in the choice of initial antimicro-
bial regimens existed between the northeastern, south-
ern, midwestern, and western regions of the country (de-
fined by the US Census Bureau) for 10 of the 12 initial
regimens.? The absolute differences in use were mini-
mal with the exception of the northeastern region, where
more second-generation cephalosporins alone or in com-

bination with a macrolide were used and fewer non-
pseudomonal third-generation cephalosporins alone or
in combination with a macrolide than the other 3 re-
gions (data not shown).

Associations between initial antimicrobial regimen
and baseline severity of illness existed for 8 of the 12 com-
monly prescribed regimens (Table 3). Treatment with
a first- or second-generation cephalosporin only, a mac-
rolide only, and a second- or non-pseudomonal third-
generation cephalosporin plus a macrolide occurred less
frequently with increasing illness severity. Treatment with
a B-lactam/B-lactamase inhibitor only, an aminoglyco-
side plus any other antimicrobial agent, and the other an-
timicrobial agent category occurred more frequently with
increasing severity of illness at hospital arrival.
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Table 3. Use of Initial Antimicrobial Regimens and 30-Day Mortality by Severity Risk Class*

Prevalence of
Antimicrobial Regimen, %

30-d Mortality, % (95% CI)

Risk Risk Risk
Classes ll/lll  Class IV  Risk ClassV  Classes II/llI Risk Class IV Risk Class V

Initial Antimicrobial Regimenst (n=4099) (n=5711) (n=3135) (n = 4099) (n =5711) (n = 3135)
First-generation cephalosporin onlyt 41 3.3 2.5 3.6 (1.3-7.7) 121 (7.8-17.6) 27.3 (17.7-38.6)
Second-generation cephalosporin onlyt 13.4 13.0 9.6 3.6 (2.2-5.6) 10.3 (8.2-12.8)  29.8 (24.7-35.3)
Pseudomonal third-generation cephalosporin only 1.4 2.0 15 3.4(0.4-11.7) 14.2(8.3-22.0) 37.5(24.0-52.6)
Non-pseudomonal third-generation cephalosporins only 26.4 26.6 26.4 3.3 (2.3-4.6) 12.4 (10.8-14.2) 34.7 (31.5-38.1)

(reference group)
B-Lactam/B-lactamase inhibitors onlyt 5.9 7.8 9.1 29(1.2-59) 153(12.1-19.0) 36.6 (31.0-42.5)
Macrolides onlyf 2.9 1.7 0.6 3.4(09-84) 152(8.7-23.7) 22.2 (6.4-47.6)
Second-generation cephalosporin plus macrolide3: 5.4 41 2.6 2.2 (0.7-5.2) 10.2 (6.6-14.8)  19.8 (11.7-30.1)
Non-pseudomonal third-generation cephalosporins 10.4 9.2 6.0 1.2 (0.4-2.7) 8.5(6.3-11.2) 28.6 (22.2-35.6)

plus macrolidet
B-Lactam/B-lactamase inhibitors plus macrolide 1.6 1.3 1.2 6.0 (1.6-14.6) 29.2 (19.0-41.1) 37.8 (22.5-55.2)
Fluoroguinolones only 2.2 1.9 1.8 44(1.2-10.8) 9.4 (4.6-16.5) 22.8 (12.7-35.8)
Aminoglycosides plus any other antimicrobial 41 6.0 10.4 6.5(3.3-11.4) 19.6 (15.6-24.3) 37.5 (32.3-43.0)

agent(s)t
All other regimenst§ 22.2 23.1 28.4 35(24-49) 159(14.0-18.0) 37.2 (34.0-40.5)
Total mortality for all regimens NA NA NA 3.3(2.8-3.9) 13.4(12.5-14.3) 34.3 (32.6-35.9)

*Cl indicates confidence interval; NA, not applicable. Risk classes were determined according to the methods of Fine et al.?? There were no risk class | patients,

who by definition, are all younger than 50 years.

1t The specific antimicrobial agents associated with these regimens were cefazolin for first-generation cephalosporin only; cefuroxime for second-generation
cephalosporin only; ceftazidime for pseudomonal third-generation cephalosporin only; ceftriaxone, cefotaxime, or ceftizoxime for non-pseudomonal
third-generation cephalosporins, ampicillin/sulbactam, ticarcillin/clavulanate, or piperacillin/tazobactam for 3-lactam/B-lactamase inhibitors; erythromycin,
clarithromycin, or azithromycin for macrolides; ciprofloxacin or ofloxacin for fluoroquinolones, and gentamicin, tobramycin, or amikacin for aminoglycosides.

$P<.05 for comparisons of frequency of use of initial antimicrobial regimens by risk class were calculated by the x? test for trend.

§The “all other regimens” category comprised a total of 851 unique antimicrobial regimens. The most frequent regimens were ceftriaxone plus cefuroxime

(n = 97), imipenem/cilastatin only (n = 87), and cefotetan only (n = 67).

ASSOCIATIONS BETWEEN INITIAL
ANTIMICROBIAL REGIMENS AND MORTALITY

Thirty-day mortality was 15.3% (95% CI, 14.6%-
15.9%) in the entire study population, ranging from
11.2% (95% CI, 10.6%-11.9%) in community-dwelling
patients to 27.5% (95% CI, 26.0%-29.1%) among
patients admitted from an LCF (Table 2). Mortality
ranged from 8.9% for patients who initially received a
second-generation cephalosporin plus a macrolide to
24.0% for those who received a B-lactam/B-lactamase
inhibitor plus a macrolide. Higher 30-day mortality
rates were observed among patients admitted from an
LCEF for all of the initial antimicrobial regimens, with
significantly higher rates observed for 8 regimens.
Increasing risk class was strongly associated with
increased 30-day mortality, as follows: class II and III,
3.3% (95% CI, 2.8%-3.9%); class IV, 13.4% (95% CI,
12.5%-14.3%); and class V, 34.3% (95% CI, 32.6%-
35.9%) (P<.001, x? for trend) (Table 3). With the
exception of initial therapy with a fluoroquinolone only
in risk classes II and III, the point estimates for 30-day
mortality stratified by severity class for fluoroquino-
lones only, second-generation cephalosporins plus
macrolide, and non-pseudomonal third-generation
cephalosporins plus macrolide were consistently lower
than the reference category (ie, non-pseudomonal
third-generation cephalosporins only), while the
stratified point estimates for 30-day mortality for
B-lactam/B-lacatamase inhibitors plus macrolide and

aminoglycosides plus any other agent were consis-
tently higher than the reference category.

Five initial antimicrobial regimens were identified
as having an independent association with 30-day
mortality (Table 4). Use of a second-generation ceph-
alosporin plus a macrolide (HR, 0.71; 95% CI, 0.52-
0.96), a non-pseudomonal third-generation cephalo-
sporin plus a macrolide (HR, 0.74; 95% CI, 0.60-0.92),
or a fluoroquinolone only (HR, 0.64; 95% CI, 0.43-
0.94) were independently associated with a lower
30-day mortality. Use of a B-lactamase inhibitor plus a
macrolide (HR, 1.77; 95% CI, 1.28-2.46) and an
aminoglycoside plus another agent (HR, 1.21; 95% CI,
1.02-1.43) were independently associated with a higher
30-day mortality.

The adjusted mortality associated with initial treat-
ment with a non-pseudomonal third-generation cepha-
losporin plus a macrolide (P<<.05), a second-generation
cephalosporin plus a macrolide (P<.05), or a fluoroqui-
nolone only (P<<.05) was significantly lower than the mor-
tality in the reference group on days 2, 3, and 7 after hos-
pitalization, respectively, and remained lower throughout
the 30-day follow-up period (Figure). In contrast, the
adjusted mortality for initial treatment with an aminogly-
coside plus any other agent (P<<.05) or a (-lactam/f3-
lactamase inhibitor plus a macrolide (P<<.05) was sig-
nificantly higher than the mortality in the reference group
on days 4 and 7, respectively, and continued to exceed
the mortality in the reference group during the remain-
ing time of the 30-day follow-up.
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Table 4. Independent Associations Between Initial Antimicrobial Regimens and 30-Day Mortality
Among the Total Study Cohort and Stratified by Source of Admission

Adjusted Hazard Ratio (95% CI)*

Initial Antimicrobial Regimenst

Total Study
Cohort
(N = 12945)

Community Dwelling

(n = 9751)

LCF Dwelling}
(n = 3194)

First-generation cephalosporin only

Second-generation cephalosporin only

Pseudomonal third-generation cephalosporin only

Non-pseudomonal third-generation cephalosporins only

B-Lactam/B-lactamase inhibitors only

Macrolides only

Second-generation cephalosporin plus macrolide

Non-pseudomonal third-generation cephalosporins
plus macrolide

B-Lactam/B-lactamase inhibitors plus macrolide

Fluoroquinolones only

Aminoglycosides plus any other antimicrobial
agent(s)

All other regimens

0.92 (0.69-1.23)
0.89 (0.75-1.05)
1.12 (0.80-1.57)
Reference group
1.07 (0.91-1.28)
1.06 (0.69-1.61)
0.71 (0.52-0.96)
0.74 (0.60-0.92)

1.77 (1.28-2.46)
0.64 (0.43-0.94)
1.21 (1.02-1.43)

112 (0.99-1.27)

0.99 (0.70-1.41)
0.88 (0.71-1.10)
0.87 (0.52-1.44)
Reference group
1.09 (0.86-1.38
1.07 (0.66-1.73
0.78 (0.56-1.10
0.66 (0.51-0.86

1.61 (1.08-2.39)
0.64 (0.36-1.14)
1.29 (1.02-1.65)

1.11 (0.94-1.31)

0.79 (0.47-1.34)
0.90 (0.68-1.19)
1.43 (0.91-2.27)
Reference group
1.07 (0.84-1.37
1.06 (0.44-2.58
0.49 (0.23-1.04
0.95 (0.67-1.34

2.24 (1.24-4.04)
0.64 (0.38-1.09)
1.16 (0.92-1.46)

1.14 (0.96-1.36)

*The hazard ratios shown are the hazards of dying within 30 days of hospitalization among patients who received the antimicrobial regimen listed compared
with patients who received a non-pseudomonal third-generation cephalosporin only (ie, ceftriaxone, cefotaxime, or ceftizoxime). All hazard ratios were adjusted for
severity risk class, admission from community or LCF (for the overall model), previous antimicrobial use, region of enrollment, intensive care unit treatment
on day 1 of hospitalization, performance of blood cultures within 24 hours of hospitalization, initiation of antimicrobial therapy within 8 hours of hospitalization,
high-risk pneumonia etiology (gram-negative rod, staphylococcal species, or aspiration pneumonia), and change in antimicrobial therapy after 48 hours of

hospitalization. Cl indicates confidence interval.

1 The specific antimicrobial agents associated with these regimens were cefazolin for first-generation cephalosporin only; cefuroxime for second-generation
cephalosporin only; ceftazidime for pseudomonal third-generation cephalosporin only; ceftriaxone, cefotaxime, or ceftizoxime for non-pseudomonal
third-generation cephalosporins, ampicillin/sulbactam, ticarcillin/clavulanate, or piperacillin/tazobactam for 3-lactam/B-lactamase inhibitors; erythromycin,
clarithromycin, or azithromycin for macrolides; ciprofloxacin or ofloxacin for fluoroquinolones, and gentamicin, tobramycin, or amikacin for aminoglycosides.

$LCF denotes admission from a long-term care facility. Admission from an LCF consisted of residence at a skilled nursing home, intermediate care facility,

or LCF before hospitalization. All other patients were defined as community dwelling.

Two separate Cox models were performed in com-
munity-dwelling patients and patients admitted from an
LCF (Table 4). The HRs for 30-day mortality were very simi-
lar in these 2 subsets and in the overall study population,
with the exception of non-pseudomonal third-generation
cephalosporins plus a macrolide. This initial regimen had
an HR of 0.66 (95% CI, 0.51-0.86) for community-
dwelling patients and an HR of 0.95 (95% CI, 0.67-1.34)
for patients admitted from an LCF. Treatment with a second-
generation cephalosporin plus a macrolide and a fluoro-
quinolone only was associated with a lower 30-day mor-
tality in both models (not statistically significant). Treatment
with a B-lactam/B-lactamase inhibitor plus a macrolide was
independently associated with higher 30-day mortality in
both models, while treatment with an aminoglycoside plus
another agent was associated with a significantly higher (HR,
1.29; 95% CI, 1.02-1.65) 30-day mortality among com-
munity-dwelling patients and a nonsignificantly higher mor-
tality among patients admitted from an LCF.

Separate Cox models of 30-day mortality performed
for patients in severity risk classes II-1I1, IV, and V were
consistent with the findings from the model performed in
the total study population. Although few of the associa-
tions between initial antimicrobial regimen and mortality
were statistically significant because of the relatively small
number of patients within cells, the point estimates for the
HRs derived in these risk class—specific models had a simi-
lar direction and magnitude of effect as those derived from
the model in the total study population.

IMPACT OF THE DEFINITION
OF INITIAL ANTIMICROBIAL THERAPY
ON 30-DAY MORTALITY

Modifications in antimicrobial therapy were observed in
8117 patients (62.7%) after the first 8 hours of hospital
admission, 5985 (46.2%) after the first 24 hours, and 4760
(36.8%) after the first 48 hours. From 8 to 48 hours af-
ter hospital admission, there was a 38% to 14% absolute
decrease in the use of single-agent antimicrobial regi-
mens and a 45% to 74% increase in the use of combina-
tion regimens.

Our findings of the association between initial anti-
microbial regimen and 30-day mortality were insensitive
to our definition of the initial regimen. A model that used
an 8-hour post-hospital admission threshold to define ini-
tial antimicrobial therapy identified a significantly lower
30-day mortality among patients treated with a non-
pseudomonal third-generation cephalosporin plus a mac-
rolide (HR, 0.73; 95% ClI, 0.55-0.97) and an independent
association with higher 30-day mortality among patients
treated with a B-lactam/B-lactamase inhibitor plus a mac-
rolide (HR, 1.65;95% CI, 1.04-2.61) and the “all other an-
timicrobial regimens” category (HR, 1.24; 95% CI, 1.07-
1.43). The HRs for 30-day mortality associated with a
second-generation cephalosporin plus a macrolide (HR,
0.77,95% CI,0.51-1.15), a fluoroquinolone only (HR, 0.81;
95% CI, 0.56-1.19), and an aminoglycoside plus any other
agent (HR, 1.11;95% CI, 0.90-1.38) were consistent with
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the corresponding HRs estimated when the 48-hour defi-
nition of initial therapy was used (although not statisti-
cally significant). The HRs observed with a 24-hour thresh-
old used to define initial therapy were nearly identical to
those estimated with the 8-hour definition (data not shown).

Our findings were also insensitive to the exclusion of
the 171 patients who died within the first 2 days of hos-
pitalization. As in the original model, 30-day mortality was
significantly lower with initial treatment with a non-
pseudomonal third-generation cephalosporin plus a mac-
rolide (HR, 0.80; 95% CI, 0.64-0.99) and a fluoroquino-
lone only (HR, 0.64; 95% CI, 0.43-0.97) and significantly
higher with a -lactam/B-lactamase inhibitor plus a mac-
rolide (HR, 1.81; 95% ClI, 1.29-2.55) and an aminoglyco-
side plus another agent (HR, 1.27;95% CI, 1.07-1.51). The
HR for treatment with a second-generation cephalosporin
plus a macrolide was consistent with the results of the origi-
nal model (although not statistically significant), while the
“all other antimicrobial regimens” category was associ-
ated with a significantly higher 30-day mortality in these
analyses (data not shown).

ASSOCIATIONS BETWEEN INITIAL
ANTIMICROBIAL REGIMENS AND
OTHER MEDICAL OUTCOMES

Among the 11 432 patients discharged alive from the in-
dex hospitalization and not transferred to another acute
care hospital, the median LOS (interquartile range) was
7 (5 to 10) days, ranging from 7 (5 to 9) days among com-
munity-dwelling patients to 8 (6 to 11) days among pa-
tients admitted from an LCF. The 30-day rehospitaliza-
tion rate was 15.9% (95% CI, 15.3%-16.6%), ranging from
15.5% (95% CI, 14.8%-16.3%) in community-dwelling
patients to 17.2% (95% CI, 15.8%-18.7%) in patients ad-
mitted from an LCF.

Initial therapy with a pseudomonal third-generation
cephalosporin alone, a 3-lactam/p3-lactamase inhibitor alone,
a B-lactam/B-lactamase inhibitor plus a macrolide, an
aminoglycoside plus another agent, and the “other” cat-
egory of antimicrobial agents were all independently as-
sociated with a longer LOS for the index hospitalization;
no regimen was associated with a significantly shorter LOS.
Initial therapy with an aminoglycoside plus another agent
was associated with an increased rehospitalization rate
within 30 days after discharge from the index hospitaliza-
tion; no regimen was independently associated with de-
creased rehospitalization.

B COMMENT

This national study of antimicrobial therapy for elderly
patients hospitalized with pneumonia demonstrated that
initial therapy with a non-pseudomonal third-
generation cephalosporin plus a macrolide, a second-
generation cephalosporin plus a macrolide, or a fluoro-
quinolone alone was associated with 26%, 29%, and 36%
lower 30-day mortality, respectively. Yet, only 15.0% of
all patients received 1 of these 3 initial regimens. An ad-
ditional 7.9% were treated with a B-lactam/B-lactamase
inhibitor plus a macrolide or an aminoglycoside plus an-
other agent, which had mortality rates 77% and 21%

® Non-pseudomonal Third-Generation Cephalosporin Only (Reference Group)
v Second-Generation Cephalosoporin Plus Macrolide

m Non-pseudomonal Third-Generation Cephalosporin Plus Macrolide

< B-Lactam/B-Lactamase Inhibitor Plus Macrolide

A Fluoroquinolone Only

O Aminoglycoside Plus Any Other Agent

0.20

0.18

0.164

0.14+

0.124

0.10

0.08

Adjusted Mortality

0.061

0.04

0.021

0.00

Days From Hospital Admission

Adjusted mortality within 30 days of hospital admission for the 5
antimicrobial regimens with an independent association with 30-day
mortality based on a Cox model for mortality in the overall study population
(N =12 945). The Cox model adjusted for severity risk class, admission from
a community or a long-term care facility, previous antimicrobial use, region
of enrollment, intensive care unit treatment on day 1 of hospitalization,
performance of blood cultures within 24 hours of hospitalization, initiation of
antimicrobial therapy within 8 hours of hospitalization, high-risk pneumonia
etiology (gram-negative rod, staphylococcal species, or aspiration
pneumonia), and change in antimicrobial therapy after 48 hours of
hospitalization.

higher than the reference group, respectively. These find-
ings suggest that opportunities exist to dramatically im-
prove the quality of care for hospitalized elderly pa-
tients with pneumonia by modifying existing initial
antimicrobial prescribing practices.

The 3 initial antimicrobial regimens associated with
a decreased mortality in the overall study population were
also associated with a 22% to 36% lower mortality among
community-dwelling patients and a 5% to 51% lower mor-
tality among patients admitted from an LCF. In the 75.3%
of the entire population who were community-dwelling
before hospitalization, only initial therapy with a non-
pseudomonal third-generation cephalosporin plus a mac-
rolide was independently associated with a lower 30-
day mortality despite trends toward lower mortality in
community-dwelling patients treated with a second-
generation cephalosporin plus a macrolide or a fluoro-
quinolone alone. The associations between initial anti-
microbial therapy and mortality among LCF-dwelling
patients were very similar to the associations in the
overall study population, with the exception of non-
pseudomonal third-generation cephalosporins plus mac-
rolide. We believe the lack of statistically significant as-
sociations between initial antimicrobial regimens and 30-
day mortality in these 2 subsets of patients was caused
by smaller sample sizes reducing statistical power rather
than systematic differences in these associations. Alter-
natively, initial antimicrobial therapy may not influence
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short-term mortality among patients with severe dis-
ease or with a greater prevalence of comorbid illnesses
such as those admitted from LCFs.*"*® This alternative
explanation is not supported by our findings that treat-
ment with a second- or non-pseudomonal third-
generation cephalosporin plus a macrolide was associ-
ated with an improved survival beginning within 2 to 3
days after hospital admission and persisting throughout
the 30-day follow-up period.

UR FINDINGS confirm our hypothesis that

initial antimicrobial regimens with ac-

tivity against the most common “typi-

cal” bacterial pathogens (eg, S pneumo-

niae and H influenzae) and “atypical”
pathogens (eg, Legionella species, Mycoplasma pneumo-
niae, Chlamydia pneumoniae, and Coxiella burnetti) are
associated with a decreased 30-day mortality. These find-
ings are supported by recent studies of pneumonia eti-
ology, which showed a high prevalence of “atypical”
pathogens especially among hospitalized elderly.® The
prevalence of atypical pneumonia resulting in hospital-
ization is as high as 44%, with M pneumoniae account-
ing for 33% and C pneumoniae, 9%.>*°>' Moreover, con-
trary to the historical belief that atypical pathogens are
associated with a universally favorable prognosis, a re-
cent study demonstrated that C pneumoniae was respon-
sible for deadly outbreaks of pneumonia among nursing
home residents.’?

The finding of an association between use of fluo-
roquinolones alone (ie, ciprofloxacin or ofloxacin) and
lower 30-day mortality is surprising given reported in vitro
resistance of S pneumoniae to ciprofloxacin and ofloxa-
cin, ranging from to 3% to 32%.%*** However, reported
in vitro resistance of S pneumoniae to fluoroquinolones
may be attributed to minimum inhibitory concentra-
tions that overlap susceptibility break points and not to
in vivo drug resistance.’® Our findings may underesti-
mate the actual survival benefit of this class of antimi-
crobial agents given that many of the newer fluoroqui-
nolones (eg, levofloxacin, gatifloxacin, and gemifloxacin)
have greater activity against S pneumoniae and S aureus,
in addition to providing excellent coverage of the atypi-
cal bacterial pathogens. However, the potential survival
advantage associated with this class of antimicrobial agents
must be balanced with the problem of increased bacte-
rial resistance that could result if fluoroquinolones are
used widely to treat this common illness.*” Although many
difficult-to-treat pathogens, such as S aureus and P ae-
ruginosa, were exquisitely sensitive to this class of agents
when first introduced, within 5 years of introduction, drug
resistance began to develop.®®* Therefore, judicious use
of fluoroquinolones for treatment of pneumonia is strongly
recommended.

Our finding of a 77% higher 30-day mortality among
patients initially treated with a 3-lactam/B-lactamase in-
hibitor plus a macrolide, an association that remained sta-
tistically significant among community- and LCF-
dwelling patients, raises concerns for use of this regimen.
Although one potential explanation of this finding is that
patients treated with a 3-lactam/B-lactamase inhibitor plus

a macrolide differed from those treated with other ini-
tial antimicrobial regimens, patients treated with this ini-
tial regimen were not systematically more severely ill at
the time of hospital arrival. In fact, with the exception
of aslightly higher rate of ICU treatment within 24 hours
of hospital arrival (6.3% vs 2.6% for all other regimens),
these patients had significantly lower rates of coming from
an LCF, less cerebrovascular disease, less altered men-
tal status at hospital arrival, and a significantly greater
proportion in the 2 lowest severity risk classes (II and
11D) at hospital arrival. Another possible explanation for
this positive association with mortality is that this regi-
men was used more often for patients with a presump-
tive diagnosis of aspiration pneumonia. However, higher
use of this regimen was not demonstrated among pa-
tients with an ICD-9-CM diagnosis code for aspiration
pneumonia. Alternatively, the increased mortality asso-
ciated with this initial regimen may be explained by de-
terioration of patients’ conditions because of the 3-lactam/
B-lactamase inhibitors’ lack of activity against penicillin-
resistant S pneumoniae and ampicillin/sulbactam’s limited
activity against gram-negative Enterobacteriaceae (eg,
K pneumoniae).*'** Moreover, it is possible that unrecog-
nized pathogens with differing susceptibility patterns to
second- or non-pseudomonal third-generation cephalo-
sporins plus a macrolide compared with B-lactam/[3-
lactamase inhibitors plus a macrolide exist. Unfortu-
nately, our data cannot be used to either support or refute
the latter 2 hypotheses.

One puzzling question raised by this study is why
initial therapy with B-lactam/B-lactamase inhibitors alone
was not associated with an increased 30-day mortality,
while the same class of agents in combination with a mac-
rolide was independently associated with an increased
30-day mortality. A likely explanation for this observa-
tion is that patients treated with a -lactam/pB-lactamase
inhibitor alone during the 48 hours after admission had
an adequate clinical response to initial therapy, while pa-
tients with a suboptimal clinical response had a macro-
lide added to their initial therapy. Among the 1069 pa-
tients receiving a B-lactam/B-lactamase inhibitor alone
at 24 hours, 132 (12.3%) had a second antimicrobial agent
added between 24 and 48 hours after admission. Of the
132 patients who had a second agent added to initial
therapy, the 30-day mortality was 30.3%, compared with
18.5% among those continuing to receive a 3-lactam/B-
lactamase inhibitor alone.

Opverall, these findings are likely to be useful for the
refinement of medical practice guidelines for the treat-
ment of pneumonia. The recently released IDSA guide-
lines and ATS guidelines originally published in 1993 were
developed with the use of consensus opinion of an ex-
pert panel without a large body of empirical evidence to
support their clinical recommendations.'>!® Both the IDSA
and ATS guidelines recommend use of a second-
generation cephalosporin alone, a non-pseudomonal
third-generation cephalosporin alone, or agents from ei-
ther of these drug classes plus a macrolide as appropri-
ate initial therapy for non-severely ill patients. The IDSA
guidelines also recommend use of fluoroquinolones with
good S pneumoniae activity or azithromycin as appropri-
ate initial therapy for non—severely ill hospitalized pa-
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tients. The ATS guidelines recommend use of a B-lactam/
B-lactamase inhibitor alone or in combination with a
macrolide for this group of patients. Our findings sup-
port the recommendations in the IDSA and ATS guide-
lines for use of a second-generation cephalosporin plus
amacrolide, or a non-pseudomonal third-generation ceph-
alosporin plus a macrolide. Our findings also support the
IDSA recommendations for use of a fluoroquinolone alone.
In contrast, our findings do not support the use of a 3-lac-
tam/B-lactamase inhibitor alone or in combination with
a macrolide as initial therapy. Firm conclusions about
the use of azithromycin alone cannot be made on the ba-
sis of our results because of the small number of pa-
tients treated with this newer macrolide.

The present study has limitations that warrant fur-
ther discussion. First, our study was observational in de-
sign, and therefore, antimicrobial treatment selection bi-
ases were possible. However, we controlled for potential
confounding by comorbid disease and illness severity by
using a widely validated pneumonia-specific severity
model.?? Second, antimicrobial route of administration,
dose, and discontinuation date were not recorded. Con-
sequently, it is possible that antimicrobial therapy was
modified during the initial 48 hours of treatment after
the patient received only a single dose of an initial agent.
Patients treated in this manner would not have received
the full benefit of their initial antimicrobial regimen. How-
ever, blood and sputum cultures generally require 48
hours for results to be reported, and if an organism is iden-
tified, therapy is generally streamlined, not broad-
ened.” In addition, study findings on the association be-
tween initial antimicrobial regimen and 30-day mortality
were insensitive to using either an 8- or a 24-hour posthos-
pitalization threshold to define initial therapy. Third, our
definition of initial antimicrobial therapy that consisted
of all agents prescribed within 48 hours of hospital ar-
rival does not reflect the influence of subsequent changes
in therapy on patient outcomes. Nevertheless, only 36.8%
of patients had such a change in therapy after 48 hours,
and the results of analyses that considered such changes
were nearly identical to the primary results of this study.
Fourth, no microbiological culture or sensitivity data were
available in this study. As a result, it was not possible to
definitively correlate the associations between antimi-
crobial therapy, microbiological etiology, antimicrobial
sensitivity, and patient outcomes. Fifth, “do not resus-
citate” orders were not systematically recorded; pa-
tients with such orders may have received less aggres-
sive antimicrobial treatment in accordance with patient
and family wishes. Finally, because of the small number
of patients having an ICU procedure coded as occurring
within 1 day of hospital arrival, it was difficult to assess
differences in medical outcomes with the 12 separate an-
timicrobial regimens among patients initially treated in
an ICU.

In summary, this study of primarily community-
dwelling patients demonstrated that initial antimicro-
bial regimens with a second-generation cephalosporin plus
amacrolide, a non-pseudomonal third-generation ceph-
alosporin plus a macrolide, or a fluoroquinolone alone
were associated with lower 30-day mortality among all
patients hospitalized with pneumonia. The observed

higher mortality associated with 3 initial regimens coupled
with the wide variation in the use of all initial antimi-
crobial regimens suggests that potential opportunities ex-
ist to reduce the mortality and thereby improve the qual-
ity of care for elderly patients with pneumonia. Although
these findings are likely to influence medical practice
guidelines designed to improve physician prescribing prac-
tices, future randomized controlled trials are warranted
to confirm these findings before they are adopted in clini-
cal practice.
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