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Background: Piperacillin/tazobactam, imipenem, and meropenem were inappropriately used in 50% of hospitalized patients at
Siriraj Hospital. Siriraj Hospital administrators implemented drug use evaluation (DUE) and antibiotic authorization for the afore-
mentioned antibiotics beginning in August 2007. The objective of the study was to determine the effectiveness of antibiotic autho-
rization on patients’ clinical outcomes, antibiotic consumption, and antibiotic expenditures.
Methods: Hospitalized patients who were prescribed piperacillin/tazobactam, imipenem, or meropenem from August to November
2007 were randomly allocated to antibiotic authorization group and no-authorization group. The data on clinical outcomes, anti-
biotic consumption, and antibiotic expenditures of the patients who received and who did not receive antibiotic authorization were
compared.
Results: The patients who received antibiotic authorization (512 prescriptions) had more favorable clinical outcomes (68.9% vs
60.5%, respectively, P , .01), shorter duration of target antibiotics (7.5 days vs 9.3 days, respectively, P , .01), shorter duration
of all antibiotics (12.7 days vs 16.4 days, respectively, P , .01), and lower mortality because of infections (29.4% vs 35.4%, respec-
tively, P 5 .05) than those who did not receive antibiotic authorization (516 prescriptions). The costs of target antibiotics and all
antibiotics in the authorization group were much less than those in the no-authorization group. The annual antibiotic cost savings
from DUE and antibiotic authorization requirement could be extrapolated to US $862,704.
Conclusion: DUE and antibiotic authorization are effective strategies in reducing antibiotic consumption and antibiotic expendi-
tures without compromising the patients’ clinical outcomes.
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It has been recognized that inappropriate and
unnecessary antimicrobial use leads to an increase in
morbidity and mortality of the patients, greater health
care costs, and selection of resistant pathogens.1-7 An
effective measure to promote appropriate use of anti-
microbials and delay antimicrobial resistance is the
antimicrobial stewardship program.8 Antimicrobial

stewardship includes limiting inappropriate antimicro-
bial use and optimizing antimicrobial selection, dosing,
route, and duration of therapy to maximize clinical
cure or prevention of infection while limiting the unin-
tended consequences, such as the emergence of resis-
tance, adverse drug events, and cost. The antimicrobial
stewardship program has 2 core strategies, ie, prospec-
tive audit of antimicrobial use, with direct interaction
and feedback to the prescriber, and formulary restric-
tion and authorization requirements.8

Inappropriate use of antimicrobials is common in
developing countries.9-11 Prevalence of antimicrobial
use in hospitalized patients at Siriraj Hospital, which
is a 2200-bed, tertiary care university hospital in Bang-
kok, Thailand, was 47%.12 The total expenditure of 3
high-cost antibacterial agents, namely, piperacillin/ta-
zobactam, imipenem, and meropenem at Siriraj Hospi-
tal in 2006 was US $4 million. Siriraj Hospital
administrators were concerned about inappropriate
use and the high expenditure of the aforementioned
antibiotics. Therefore, drug use evaluation (DUE) and
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authorization of these 3 antibiotics were proposed by
Siriraj Hospital administrators. A preliminary DUE of
96 prescriptions of these 3 antibiotics in January
2007 revealed that the rate of inappropriate use at pre-
scription initiation was 10%, and the rate at the contin-
ued treatment phase (2-3 days after initial prescription)
was 50%. Therefore, Siriraj Hospital decided to employ
an authorization requirement for the aforementioned 3
target antibiotics for the continued treatment phase
beginning in August 2007. However, the responsible
physicians raised their concerns about harmful clinical
outcomes in the patients for whom antibiotics were
changed or discontinued. There has been no good
evidence from a properly controlled trial on patients’
clinical outcomes from formulary restriction and
authorization intervention.8 The objective of the study
was to determine the effectiveness of antibiotic autho-
rization on patients’ clinical outcomes, antibiotic
consumption, and antibiotic expenditures.

METHODS

DUE and antibiotic authorization for the target antibi-
otics were performed in hospitalized patients from
August to November 2007. Once the prescription of any
target antibiotics was submitted to the hospital pharmacy
department, the responsible personnelnotified the infec-
tious diseases physician. The patient with an odd num-
ber of the last digit of the hospital number received
antibiotics in accordance with their physicians’ decision.
For the patient with an even numberof the last digitof the
hospital number, the infectious diseases physician
visited each patient after the target antibiotic was given
for #3 days to determine whether target antibiotic con-
tinuation was indicated according to predetermined cri-
teria. The indications of the target antibiotics are as
follows: (1) confirmed or suspected infection because
of Pseudomonas aeruginosa; (2) infection because of
pathogen resistant to cephalosporins, aminoglycosides,
and fluoroquinolones; (3) empiric therapy for febrile
neutropenia; and (4) infection because of the pathogen
being susceptible to other antibiotics but the patient
being unable to receive such antibiotics. Additional indi-
cations for imipenem or meropenem are (1) empiric ther-
apy of nosocomial infection not responding to other
antibiotics; (2) infection because of pathogen resistant
to a combination of b-lactam and b-lactamase inhibitor;
and (3) severe infection because of extended-spectrum
b-lactamase-producing pathogens. If the target antibiotic
was indicated, it was continued. If the target antibiotic
was not indicated, the infectious diseases physician sug-
gested discontinuing or modifying it. The infectious dis-
eases physician continued to visit the patient to provide
suggestions regarding the antibiotic prescription and
management of infection. Two physicians from the

antibiotic control team independently reviewed all med-
ical records, and the data on clinical courses and out-
comes, antibiotic consumption, and antibiotic
expenditures were collected. The favorable clinical out-
come was defined as complete recovery or partially im-
provement of signs and symptoms of infection as well
as laboratory results.

From the preliminary data, the favorable clinical
outcome of the patients who received the target antibi-
otics was 70%. The favorable clinical outcome in the
patients who received antibiotic authorization was
claimed to be noninferior to that in the no-authoriza-
tion group if a limit of the difference in the favorable
clinical outcome was within 5%. Therefore, 500 pre-
scriptions in each group were required to declare the
noninferiority in favorable clinical outcome, with
type I and type II errors of 5% and 20%, respectively.
The data were analyzed by SPSS version 13.0 (SPSS,
Inc, Chicago, IL). Descriptive statistics were used to
summarize the characteristics of the patients. To com-
pare the data between different groups, x2 or Fisher
exact test for the categorical data and Student t test
or Mann-Whitney U test for the continuous data were
used. A multivariate analysis was performed by binary
logistic regression model. A P value of # .05 was
considered statistically significant.

RESULTS

Piperacillin/tazobactam, imipenem, and merope-
nem were given to 953 adult hospitalized patients
(1028 prescriptions) from August to November 2007.
There were 462 patients (512 prescriptions) who re-
ceived antibiotic authorization, and 486 patients (516
prescriptions) who did not receive antibiotic authoriza-
tion. The characteristics of the patients in both groups
are shown in Table 1. The gender proportion, mean
age, location of the patients, type of infections, site of
infections, purpose of antibiotic prescriptions, and
type of target antibiotics of the patients in both groups
were not significantly different. The patients in the au-
thorization group had more underlying conditions,
fewer unknown sites of infections, and more microbi-
ologically documented infections than those in the
no-authorization group. Of 512 prescriptions in the au-
thorization group, 213 prescriptions (41.6%) were con-
sidered inappropriate, and the recommendations for
antibiotic discontinuation or modification were pro-
vided by the infectious diseases physicians. The com-
pliances with the recommendations were as follows:
(1) the target antibiotics were changed to appropriate
antibiotics according to the recommendations in 97
cases (45.5%); (2) the target antibiotics were discontin-
ued according to the recommendations in 52 cases
(24.4%); and (3) the target antibiotics were changed
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to inappropriate antibiotics, which were not recom-
mended in 46 cases (21.6%). The main reasons for
noncompliance with the recommendations were (1)
the responsible physician did not believe that the pa-
tient was free of active infection according to the infec-
tious disease physician’s opinion; (2) some surgeons
believed that antibiotic prophylaxis should be contin-
ued until the endotracheal tube was removed; and (3)
many responsible physicians were not certain that
the narrow spectrum antibiotics could replace the tar-
get antibiotics that they initially gave to their patients,
especially for the patients who were improving after
receiving the target antibiotics.

The clinical outcomes of the patients in both groups
are shown in Table 2. The patients who received DUE
and antibiotic authorization had more favorable clini-
cal outcome (68.9% vs 60.5%, respectively, P , .01),
less length of fever-days (7.5 days vs 11.0 days, respec-
tively, P , .01), and lower mortality because of

infections (29.4% vs 35.4%, respectively, P 5 .05)
than those who did not receive antibiotic authoriza-
tion. The incidences of antibiotic allergy and antibi-
otic-associated diarrhea, as well as patients’ survival
at hospital discharge for both groups, were not signifi-
cantly different. The rates of eradication of causative
pathogens in the patients who had microbiologically
documented infections were 50.2% and 65.4% (P ,
.01) in the no-authorization group and the authoriza-
tion group, respectively. The multivariate analysis re-
vealed that unfavorable clinical outcome was
significantly associated with being among the patients
who did not receive antibiotic authorization (odds ratio
[OR], 1.35; 95% confidence interval [CI]: 1.03-1.76,
P 5 .036) and having respiratory tract infections (OR,
2.36; 95% CI: 1.78-3.15, P , .001).

The antibiotic consumption and antibiotic expendi-
tures of the patients in both groups are shown in
Table 3. The patients in the authorization group had

Table 1. Characteristics of the patients

Characteristic No-authorization group Authorization group P value

Number of patients 486 462
Number of prescriptions 516 512
Males, n (%) 257 (52.9) 245 (53.0) .96
Mean age, yr (SD) 62.1 (18.8) 63.5 (18.2) .23
Location of patients, n (%)

Medical wards 335 (68.9) 327 (70.8) .73
Surgical wards 122 (25.1) 113 (24.5)
Others 29 (6.0) 22 (4.7)

Underlying conditions, n (%)
Cardio-pulmonary diseases 188 (38.7) 250 (54.1) ,.01
Diabetes mellitus 103 (21.2) 121 (26.2) .08
Malignancy 165 (34.0) 194 (42.0) .01
Liver diseases 32 (6.6) 54 (11.7) .01
Renal diseases 79 (16.3) 103 (22.3) .02
Neurologic diseases 75 (15.4) 106 (22.9) .01
Receiving immunosuppressives 84 (17.3) 76 (16.5) .8
Systemic lupus erythematosus 12 (2.5) 12 (2.6) .9
HIV infections 7 (1.4) 11 (2.4) .4

Type of infections, n (%)
Community acquired 93 (18.0) 107 (20.9) .24
Hospital acquired 423 (82.0) 405 (79.1)

Site of infections, n (%)
Respiratory tract 190 (37.0) 175 (34.0) .38
Urinary tract 88 (17.1) 113 (22.1) .04
Skin and soft tissue 36 (7.0) 34 (6.6) .83
Intraabdominal 47 (9.1) 62 (12.1) .1
Bacteremia 52 (10.1) 34 (6.6) .06
Others 5 (1.0) 14 (2.7) .06
Unknown 119 (23.1) 73 (14.3) ,.01

Microbiologically documented infections 289 (56.0) 324 (63.3) .02
Purpose of antibiotic prescriptions, n (%)

Treatment 509 (98.6) 505 (98.6) .99
Prophylaxis 7 (1.4) 7 (1.4)

Type of target antibiotics, n (%)
Piperacillin/tazobactam 242 (46.9) 228 (44.5) .60
Imipenem 183 (35.4) 183 (35.7)
Meropenem 91 (17.6) 101 (19.7)
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shorter duration of target antibiotics (7.5 days vs 9.3
days, respectively, P , .01) and shorter duration for
all antibiotics (12.7 days vs 16.4 days, respectively,
P , .01) when compared with those in the no-
authorization group. The costs of the target antibiotics
and all antibiotics in the authorization group were
much less than those in the no-authorization group.
The defined daily doses (DDD) of the target antibiotics
and the DDD of all antibiotics in the authorization
group were also significantly less than those in the
no-authorization group. The actual difference in the
antibiotic expenditures between the authorization
group and the no-authorization group was US
$143,793. The annual antibiotic cost savings from
DUE and antibiotic authorization requirement would
be US $862,704 if all prescriptions of the target antibi-
otics were reviewed by the infectious diseases
physicians.

DISCUSSION

There has been no good evidence from properly
controlled trials demonstrating that antibiotic formu-
lary restriction and authorization requirement lead to
patients’ clinical outcomes, which are not inferior to
those without such a strategy.8 Several recent studies
on this strategy were cross-sectional studies or time
series analysis.13-17 Therefore, we conducted a con-
trolled study to determine an effectiveness of antibi-
otic authorization on patients’ clinical outcomes.
This study was designed as a noninferiority study be-
cause we assumed that the target antibiotics were
very broad spectrum antibiotics and that the out-
comes of the patients who received such antibiotics
should not be worse than those in the authorization
group for whom the target antibiotics might be dis-
continued or modified to narrower spectrum
antibiotics.

Although major characteristics of the patients in
both groups were comparable, some characteristics of
the patients were significantly different, especially
comorbidities, unknown site of infections, and micro-
biologically documented infections. This observation
could be due to the infectious diseases physicians not

being involved in care processes provided to the
patients in the no-authorization group, whereas the
infectious diseases physicians continued supervision
in the management of the patients who received antibi-
otic authorization. As a result, additional medical infor-
mation was recorded, and additional microbiologic
investigations for diagnosis of infections and for
assessment of microbiologic outcomes were made for
the authorization group. The differences in characteris-
tics of the patients would not favor the outcomes of the
patients who received antibiotic authorization because
higher rates of having comorbidities that compromised
clinical outcomes were observed more often in the
patients who received antibiotic authorization.

The prevalence of inappropriate use of the target an-
tibiotics in the authorization group was 41.6%, which
was modestly less than 50% observed from a prelimi-
nary DUE period. This might be due to the fact that
each prescription of the target antibiotics during the
study period was required to be accompanied with
the antibiotic order sheet that was filled in by the
responsible physician. Therefore, some prescriptions
of the target antibiotics were cancelled earlier if the
responsible physicians thought that their prescriptions
were obviously inappropriate.

The overall compliance with the recommendations
made by the infectious diseases physicians was 70%,
and the antibiotics were discontinued in 24.4% of the
patients in the authorization group. This finding indi-
cated that both the high cost and the broad-spectrum
antibiotics were unnecessary in nearly a quarter of
the prescriptions.

The patients in the authorization group had better out-
comes in terms of more favorable clinical outcomes, and
there was a higher rate of eradication of causative patho-
gens in the patients who had microbiologically docu-
mented infections, fewer fever-days, and lower
mortality because of infections, even if the target antibi-
otics in many patients were discontinued or changed to
narrower spectrum and cheaper antibiotics. As men-
tioned earlier, the infectious diseases physicians not
only authorized the target antibiotics, but they also rec-
ommended appropriate microbiologic investigations so
that the site of infections and the causative agents

Table 2. Clinical outcomes of the patients

Clinical outcome
No-authorization group

(486 cases, 516 prescriptions)
Authorization group

(462 cases, 512 prescriptions) P value

Favorable clinical outcome, n (%) 313 (60.5) 352 (68.9) ,.01
Mean length of fever, days (SD) 11.0 (12.6) 7.49 (9.9) ,.01
Antibiotic allergy, n (%) 7 (1.4) 2 (0.4) .1
Antibiotic-associated diarrhea, n (%) 18 (3.5) 25 (4.9) .21
Death because of infections, n (%) 172 (35.4) 136 (29.4) .05
Mean length of hospital stay, days (SD) 30.7 (29.7) 30.4 (28.7) .8
Alive on discharge from the hospital, n (%) 279 (57.4) 257 (55.6) .58
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became known and were recorded. Therefore, the antibi-
otics given to the patients in the authorization group
could either be discontinued with certainty in the
patients with no infections or tailored to more specific
antibiotics according to the microbiologic results. Many
patients in the no-authorization group who had no infec-
tions or had colonization or had infections with resistant
pathogens, such as methicillin-resistant Staphylococcus
aureus, continued to receive the target antibiotics leading
to super-infections with organisms such as methicillin-
resistant Staphylococcus aureus, pandrug-resistant Acine-
tobacter spp, or Candida spp, which were resistant to the
target antibiotics, resulting in unfavorable outcomes and
mortality.

Although some baseline characteristics of the patients
in both groups were significantly different, the results of
multivariate analysis showed that being a patient in the
no-authorization group and having pneumonia was sig-
nificantly associated with an unfavorable outcome.
This observation confirmed that a difference in favorable
clinical outcomes was associated with antibiotic authori-
zation strategy because hospital-acquired pneumonia
was a well-known factor associated with a poor clinical
outcome of hospitalized patients.18 The length of hospi-
tal stay and the patients’ survival at hospital discharge
were not significantly different in either group because
most of the patients in both groups had chronic underly-
ing diseases, and they were hospitalized because of these
medical problems and died of such comorbidities.

Consumption and expenditure data of antibiotics
other than the target antibiotics were also collected be-
cause the responsible physicians might shift from the
target antibiotics to other antibiotics if the target antibi-
otics were not authorized. We observed that 21.6% of
prescriptions in the authorization group were changed
to other antibiotics, such as cefepime, which were not
recommended by the infectious diseases physicians.
Nonetheless, the DDD of the target antibiotics and all
antibiotics as well as the DDD of the target antibiotics
and all antibiotics per episode of infection in the

authorization group were much lower than those in
the no-authorization group. Therefore, the ‘‘squeezing
the balloon effect’’19 found in our study was minimal.
If all prescriptions of the target antibiotics at Siriraj
Hospital were reviewed by the infectious diseases phy-
sicians, the hospital will have annual saving of US
$862,704, which is within the range of US $200,000
to US $900,000 demonstrated from the institutions at
which antimicrobial stewardship programs are effec-
tively implemented.9 However, the extra costs of DUE
and antibiotic authorization processes are not taken
into account when the aforementioned amount of
cost savings is estimated. The extra costs generated
by DUE and antibiotic authorization including the per-
sonnel costs and the additional costs for microbiologic
investigations were estimated as up to US $50,000 per
year. Therefore, the DUE and antibiotic authorization
strategies seem to be cost-effective.

Although the study results revealed that the DUE and
antibiotic authorization are effective strategies in
reducing antibiotic consumption and antibiotic expen-
ditures without compromising the patients’ clinical
outcomes, such strategies can be applied only to the
institutions where there are qualified infectious dis-
eases physicians who are willing to take responsibility
in authorizing the restricted antibiotics and are able to
continually provide suggestions regarding the antibi-
otic prescription and management of infections.

We did not measure the impact of antibiotic authori-
zation on antibiotic resistance of the pathogens
because the patients allocated to both groups stayed
in the same wards, and the duration of the study was
only 4 months. Therefore, it would be unlikely to
observe any changes in antibiotic resistance patterns
of the isolated pathogens either from the patients or
from the environment.

The results of the study were presented to Sirraj
Hospital administrators in April 2008, and the strategy
on DUE and antibiotic authorization has been fully im-
plemented since May 2008.

Table 3. Antibiotic consumption and antibiotic expenditure

Antibiotic consumption
and expenditure

No-authorization group
(486 cases, 516 prescriptions)

Authorization group
(462 cases, 512 prescriptions)

Mean duration of all antibiotics, days (SD) 16.4 (14.8) 12.7 (9.8) P , .01
Mean duration of target antibiotics, days (SD) 9.3 (7.7) 7.5 (6.9) P , .01
Cost of all antibiotics/episode, US$ 1237.9 966.8
DDD of all antibiotics 13,528.3 10,737.9
DDD of all antibiotics/episode 26.2 21.0
Total cost of target antibiotics, US$ 341,241 275,480
Cost of target antibiotics/episode, US$ 661.3 538.1
Total DDD of target antibiotics 3696.4 2972.6
DDD of target antibiotics/episode 7.2 5.8

DDD, defined daily dose.
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