Antibiotic Choice And Patient Outcomes
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Background: We investigated whether any clinical or nonclinical variables were associated with physician
choice of antibiotic therapy and whether outcome differences existed among patients given agents to treat

infections caused by atypical gram-negative organisms.

Methods: A retrospective review of 157 immunocompetent patients admitted to a hospital between
1 February 1992 and 31 January 1993 with a diagnosis of community-acquired pneumonia was performed.
Patient groups were defined by whether their initial antibiotic therapy was a broader spectrum antibiotic,
such as a second- or third-generation cephalosporin, which would treat atypical gram-negative infection
(n = 85), or narrower spectrum agents, such as ampicillin or erythromycin (n = 72).

Results: Patients who were given broader spectrum antibiotics were slightly older than those receiving
narrower agents (73 versus 66 years, P = 0.06). Otherwise, no clinical factors or comorbid states were
associated with antibiotic selection. When examining physician-related factors, internists were more likely to
prescribe broad-spectrum agents than were family physicians. No differences existed in overall mortality,

length of stay, readmission rate, or change in antibiotic.

Conclusions: Although physicians appear to prescribe broader agents for pneumonia in older patients,
there were no other clinical predictors of antibiotic selection. Physician-related factors, such as training and
specialty, might influence prescribing habits. (J Am Board Fam Pract 1994; 7:95-9.)

The selection of an antibiotic for patients
who are hospitalized with community-acquired
pneumonia is controversial. Because routine
microbiologic evaluation of community-acquired
pneumonia is often not helpful or results of
tests can be delayed,! in many situations the ini-
tial selection of an antibiotic for pneumonia
therapy is empiric.? Because of an increase in
the frequency of pneumonia caused by resistant
organisms, such as Haemophilus influenzae,’-s
some experts recommend prescribing second-
or third-generation cephalosporins, which pro-
vide coverage against atypical gram-negative or-
ganisms when treating community-acquired pneu-
monia.* Previous epidemiologic studies, however,
suggest that the primary causes of community-
acquired pneumonia continue to be viral agents
and Streptococcus pneumoniae,’® which are organ-
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isms that do not require broad-spectrum ant-
biotc coverage.

Admission of a patient to the hospital for the
treatment of pneumonia is expensive. The typical
cost of inpatient treatinent for pneumonia is
about $5000 for an average stay of more than
7 days.? The cost of antibiotics for the treatment
of pneumonia can vary considerably.!%!! For ex-
ample, 10 days of therapy with a first-generation
cephalosporin, such as cefazolin, is estimated to
cost $309, whereas a similar duration of therapy
with cefotaxime, a third-generation cephalosporin,
is three and one-half times higher at $1133.!!
Thus, the selection of an antibiotic for the treat-
ment of pneumonia can have a major impact on
the total cost of inpatient care.

This study was undertaken to determine
(1) which antibiotics are most commonly used to
treat community-acquired pneumonia in a com-
munity hospital, (2) what factors influence the
selection of initial antibiotic therapy, and (3) whether
there are any differences in patent outcomes be-
tween those who receive broader spectrum anti-
biotics and those whose therapy is begun with
narrower spectrum antibiotics.
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Methods

A retrospective review was performed on the
charts of all patients older than 18 years of age
admitted to a 125-bed rural community hospital
from 1 February 1992 to 31 January 1993 with a
diagnosis of pneumonia. The hospital medical
staff at the time of the study included 16 physi-
cians who admitted adults to the general medical
services. Six of these physicians were family
physicians and 10 were internists, including
2 nephrologists, 1 cardiologist, and 1 hematolo-
gist-oncologist. The family physicians were asso-
ciated with a single group practice, and the intern-
ists were associated with another group practice.
In addition to the medical staff, residents from a
state university performed lst-year rotations at
the hospital with the internal medicine group.

The diagnosis of pneumonia was determined
from a review of discharge abstracts. Patients who
were transferred to the hospital from another
institution (either another hospital or nursing
home) and all patients with nosocomial pneumo-
nia were excluded. In addition, patients who were
being treated with immunosuppressive medica-
tions, such as chemotherapeutic agents, patients
who were neutropenic, and patients who were
infected with the human immunodeficiency virus
(HIV) were also excluded from study.

After excluding the above, there remained 159
patients admitted for community-acquired pneu-
monia. Charts could be located for 157 (99 per-
cent) of them. Their charts were reviewed by one
of the authors (MAS) or a chart abstractor from
the hospital quality-assurance office.

A variety of clinical and demographic variables
were recorded for each patient. Variables related
to the severity of the patient’s illness included
admission to an intensive care unit, initial tempera-
ture, initial white cell count, and percentage of
neutrophil forms. Variables related to the type of
pneumonia included results of sputum and blood
cultures. Variables associated with other clinical
conditions that might have influenced antibiotic
choice included the presence of any cardiac,
pulmonary, renal, or oncologic comorbidities.
Finally, variables reflecting patient outcome in-
cluded moruality, length of stay, readmission
within 30 days, and change in the antibiotic from
the initial drug to an alternate intraenous medi-
cation during the hospital stay. The physician-
related factors thought to influence antibiotic

choice included specialty and level of training of
the admitting physician and the physician who
wrotg the initial antibiotic orders.

To compare outcomes between patients treated
with different types of antibiotics, two classes of
antibiotics were defined. Antibiotics that are more
active against atypical gram-negative infections
were called broad-spectrum agents and included
second- and third-generation cephalosporins, ampi-
cillin-sulbactam, quinolones, aminoglycosides, and
synthetic penicillins, such as pipericillin. Anti-
biotics that do not include coverage for these
atypical gram-negative infections but are useful
for more common respiratory tract pathogens
were called narrow-spectrum agents and included
penicillin, ampicillin, doxycycline, erythromycin,
and cefazolin. Using these criteria, 72 patients
were included in the narrow-spectrum group and
85 patents were in the broad-spectrum group.
For a comparison of lengths of hospital stay, this
sample size yielded a power of 95 percent with an
alpha of 0.05 for a variation in 1 day between
groups assuming a variance of 5 days in the length
of stay for each group.

Data were entered into Epilnfo Version 5!? and
analyzed using the chi-square test for categorical
variables and the Student t-test for continuous
variables. Where noted, regression analyses were
performed using True Epistat software.!3

Results

Table 1 displays the wide range of antibiotics that
were prescribed for the treatment of pneumonia
in these patients. The most commonly prescribed
antibiotic was cefotaxime (47 patients, 30 percent
of total) followed by cefazolin (39 patients, 25
percent of total).

Patients initially given broad-spectrum anti-
biotics tended to be older than those initially
given narrow-spectrum medications, although
this difference did not reach statistical significance
(P = 0.06). Other clinical variables, such as admis-
sion to an intensive care unit, mean white cell
count, percentage of neutrophils on smear, or
average initial temperature, were not associated
with selection of a class of antibiotic (Table 2).
Furthermore, we found no association between
antibiotic selection and the documentation of other
pulmonary, cardiac, renal, or oncologic diseases.

The results of microbiologic testing of patients
were also not helpful in predicting antibiotic
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Table 1. Number of Times Specific Antibiotics Were

Used (and Percentage of Total) for

Community-acquired Pneumonia.

Antibiotic Class No. (%)

Narrow spectrum
Cefazolin 39 (25)
Erythromycin 17 (11)
Ampicillin 9(6)
Penicillin 4(3)
All others 3
Total 72 (47)

Broad spectrum
Cefotaxime 47 (30)
Ampicillin/sulbactam 16 (10)
Gentamicin 7@
Cefuroxime 503)
Ceftazidime 43
All others 6(3)
Total 85 (53)

selection. We found no difference between
patients who initially received narrow- or broad-
spectrum antibiotics and the percentage of pa-
tients having blood cultures performed (67 per-
cent versus 76 percent, respectively, P = 0.30) or
sputum cultures performed (61 percent versus 59
percent, respectively, P = 0.92), We also found no
significant difference between the narrow- and
broad-spectrum groups and the percentage of
patients who had a positive blood culture (4 per-
cent versus 8 percent, P = 0.34) or a positive sputum
culture (11 percent versus 13 percent, P = 0.69). The
most common organism identified on sputum

cultures for both groups was Streptococcus pneu-
moniae, which was positive in 5 patients (7 per-
cent) in the narrow-spectrum group and 7 patients
(8 percent) in the broad-spectrum group.

When we examined the effects of physician-
related factors on prescribing patterns, we found
that patients who were admitted by internists
were given broad-spectrum antibiotics more fre-
quently than those admitted by family physicians
(P = 0.005) (Table 3). The level of training of the
physician writing the admitting orders, however,
did not appear to influence the selection of ant-
biotics. Because of the possibility that the pre-
scribing patterns of internists were influenced by
caring for an older patient population, logistic
regression was performed using age and specialty
as dependent variables and antibiotic class as the
dependent variable. Regression analysis con-
firmed an effect of physician specialty indepen-
dent of patient age with an adjusted odds ratio for
using broad-spectrum antibiotics of 3.53 (95 per-
cent confidence interval 1.51, 8.24, P = 0.003) for
internists when compared with family physicians.

When patient outcome variables were exam-
ined, we found no significant difference between
classes of antibiotics and the length of stay, mor-
tality, and readmission within 30 days (Table 4).
In addition, we found that patients who started
their therapy with narrow-spectrum drugs had
their medication changed to other parenteral
agents less often than did those who began with

Table 2. Comparison of Demographic Variables, Medical Comorbidities, and Measures of Iliness Severity.

Narrow-Spectrum

Broad-Spectrum

Antibiotics Antibiotics
Variable (n=72) (n = 85) PValue
Demographic variables
Mean age (years + SD) 664 =213 73.1x15.8 0.06
> age 65 years (%) 55 69 0.07
> age 80 years (%) 36 40 0.53
Initial disease characteristics
Admitted to intensive care unit (%) 8 7 0.54
Initial white-cell count (X 10%mm® = SD) 144 %63 156 7.3 0.29
Initial neutrophil count (% = SD) 704 + 14.6 71.8 £ 139 0.57
Initial temperature (°F % SD) 9.7+ 1.5 98.7 = 8.6 0.43
Frequency of comorbidities*
Cardiac (%) 32 38 0.39
Pulmonary (%) 43 53 0.22
Renal (%) 13 16 0.57
Oncologic (%) 13 13 0.89

*Patients could have more than 1 comorbid condition.
SD = standard deviation.
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Table 3. Effects of Specialty and Training on Selection
of Antibiotics in 157 Patients with

Community-acquired Pneumonia.
Narrow- Broad-
Spectrum  Spectrum
Antibiotics Antibiotics
Physician Training n=72) (n=85)
Characteristics No. (%) No. (%) PValue
Specialty
Internal medicine 45 (39) 70 (61)
Family practice 22 (67) 11 (33)
Emergency medicine 5(55) 4 (44) 0.005
Level of training*
Attending physician 49 (47) 55(3)
Resident physician 18 (41) 26 (59) 0.49

*Excluding emergency medicine physicians.

broad-spectrum drugs (20 percent versus 33 per-
cent, P=0.04). Of patients whose physicians
changed their parenteral antibiotics during the
hospitalization, 71 percent were switched from
narrow-spectrum agents to broad-spectrum agents,
while 67 percent were switched from broad-spec-
trum agents to narrow-spectrum agents (P = 0.48).
When the subgroup of patients with positive spu-
tum cultures was examined, again we found no
difference in any outcome variable based on the
class of antibiotic chosen for initial therapy.

Because we found that broad-spectrum antibi-
otic therapy was more likely to be used in older
patients, we were uncertain whether age-related
bias in antibiotic selection could obscure outcome
differences between the two classes of antibiotics.
Therefore, we performed linear regression using
length of stay as the dependent variable and age
and antibiotic class as independent variables
to discover if antibiotic class was significantly
associated with length of stay when adjusted for
age. Regression analysis showed that neither anti-
biotic class (P = 0.58) nor age (P = 0.98) was asso-
ciated with length of stay.

Discussion

Our results show that selection of an antibiotic for
the treatment of community-acquired pneumonia
was influenced by the patient’s age but not by
other clinical variables or comorbid conditions.
The only other factor related to antibiotic choice
was the specialty of the physician admitting the
patient to the hospital. Internists and emergency
physicians were more likely than family physi-
cians to select broad-spectrum antibiotics. This

difference could be related to subtle clinical vari-
ations in the patient populations served by inter-
nists and family physicians that were not mea-
sured in this study. Reports that generalists tend
to use other types of medical technology in a more
cost-efficient manner!4 have suggested that a true
difference in prescribing habits might exist based
on specialty training.

In addition, contrary to the recommendations
of others,%’ findings from this retrospective study
of community-acquired pneumonia suggest that
antibiotics which do not provide coverage for
atypical gram-negative organisms are as clinically
effective as the broader spectrum, more expensive
alternatives. Patients initially given narrower
spectrum antibiotics had similar lengths of hospi-
tal stay, readmission rates, changes in intravenous
antibiotics during treatment, and mortality as those
initially prescribed broad-spectrum drugs. These
data suggest that most patients benefit from narrow-
spectrum antibiotics, and only a small population
requires more aggressive therapy. Initial use of nar-
rower spectrum antibiotics for the treatment of
community-acquired pneumonia is equally effec-
tive and less expensive than broad-spectrum alter-
natives.!%!! For example, the average cost of 7 days
of intravenous therapy with cefazolin is $216
compared with $793 for 7 days of cefotaxime.!!
Thus, for every patient treated with cefotaxime,
an additional $577 is spent on antibiotic drug
costs, an amount equal to 11 percent of the total
hospital expenses for treatment of pneumonia.?

While our findings from this study suggest that
narrower spectrum antibiotics achieved the same
outcomes as broad-spectrum drugs for patients
hospitalized with community-acquired pneumo-
nia, these results must be considered in light of

Table 4. Outcomes for Patients Treated with Narrow-

and Broad-Spectrum Antibiotics.
Narrow- Broad-
Spectrum  Spectrum
Antibiotics Antibiotics
Outcomes n=72) (n =85) P Value
Mortality (%) 4 8 0.34
Antibiotic changed (%) 20 33 0.04
Average length of stay
(days + SD) 71%52 75+46  0.63
Readmission rate* (%) 10 0.54
*Readmitted within 30 days.

SD = standard deviation.
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some limitations of the data. First, this study
focused on 157 patients admitted to one commu-
nity hospital. The sample size limited the power
to detect differences in such rare outcomes as
mortality. Second, because the prescribing habits
of only relatively few physicians were included in
this study, the results could have been biased by
unusual prescribing behaviors of 1 or 2 physi-
cians. Follow-up examination of this issue with a
larger population at other facilities would be use-
ful to confirm these findings.

Finally, no measure of pneumonia severity was
used to determine the influence of severity of
illness on antibiotic selection. Several proxy meas-
ures, such as fever, elevated white cell count, and
admission to an intensive care unit were used to
estimate the severity of illness, but some other
factor could have contributed to physicians’
assessments of disease severity.

As health care costs rise, providers must exam-
ine technology use and prescribing habits. Evi-
dence suggests physicians are not aware of the
costs of their prescribing habits.!> Physicians need
to become more aware of the economic im-
plications of their prescribing behavior and exam-
ine the outcomes resulting from these choices.
Examining antibiotic selection for common clini-
cal problems, such as community-acquired pneu-
monia, is one example of how close evaluation
might result in more appropriate and cost-effec-
tive use of medical technology.
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