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INTRODUCTION

The increase in global antimicrobial resistance presents a
major health concern and drastically affects patient outcomes.-
The frequency of inappropriate use of antimicrobial agents
is often used as a surrogate marker for its impact on antimi-
crobial drug resistance.! Several studies have focused on the
inappropriate use of broad-spectrum antimicrobials. In a study
by Thuong et al., piperacillin/tazobactam (Zosyn, Wyeth/
Pfizer) was used inappropriately 17% of the time; vancomycin
(Vancocin, ViroPharma), 7%, of the time; and ciprofloxacin
(Cipro, Bayer), 60% of the time.* In that study, appropriateness
was assessed according to the following criteria: the initial
antibiotic choice according to hospital guidelines, antibiotic
selection according to the clinical situation and microbiological
information, proper duration of therapy, and re-evaluation and
adaptation of therapy.* Inappropriate use of antibiotics, coupled
with the decline in the emergence of new antimicrobial entities,
has led to the need for more judicious use of antimicrobials.!®

ANTIMICROBIAL STEWARDSHIP

The Infectious Diseases Society of America (IDSA) and
the Society for Healthcare Epidemiology of America (SHEA)
have published guidelines to improve antimicrobial steward-
ship. The goals of these stewardship programs is to optimize
patient outcomes and to reduce collateral damage, such as
Clostridium difficile infections and the emergence of antibiotic-
resistant bacteria.! Another aim is to lower health care costs
without adversely affecting standards of care.! Successfully
implemented stewardship programs have achieved a decrease
in antimicrobial use by 22% to 36%, with annual savings of
$200,000 to $900,000.-67

A multidisciplinary team approach to antimicrobial stew-
ardship is recommended as follows. Core members should
include an infectious-disease physician and a clinical phar-
macist with training in this area; a clinical microbiologist; an
infection-control specialist and a hospital epidemiologist; an
information system specialist; and a hospital administrator.'”
Infection control also plays a vital role in preventing the spread
of resistant organisms. Examples of infection-control practices
include hand hygiene; isolation of the patient; and cleaning
procedures, including sterilization and disinfection of surgical
equipment, patient rooms, and patient-care areas.!

Various strategies have been proposed for antimicrobial
stewardship programs. Some of these include staff education,
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formulary restrictions, formulary substitutions, antimicrobial
cycling, early parenteral-to-oral conversion, use of optimal
antibiotic doses, and multidisciplinary development of evidence-
based practice guidelines that take into account local microbiol-
ogy and resistance patterns.'’

Piperacillin/tazobactam is a beta-lactam/beta lactamase
inhibitor with coverage against gram-negative organisms
(including Pseudomonas aeruginosa), gram-positive organisms,
and anaerobic bacterial organisms. P aeruginosa is a gram-
negative, non-lactose-fermenting rod that is resistant to
multiple agents. Infections caused by this pathogen can be
very challenging to treat.® Few drugs have reliable activity
against this pathogen. Piperacillin/tazobactam is one of these
agents, and its appropriate use is essential to decrease the
development of resistance.

Piperacillin/tazobactam use has been evaluated in several
studies. Raveh et al. found that the appropriateness rate of
piperacillin/tazobactam use in their study hospital was 90%.°
Appropriateness was defined as antibiotics that were prescribed
according to institution guidelines, treatment targeted accord-
ing to susceptibility data, and drug therapy recommended by
an infectious-diseases consultant.’

Antoine et al. conducted a study to investigate the knowledge,
attitudes, and behaviors of house staff and faculty concerning
piperacillin/tazobactam use at four hospitals in Atlanta,
Georgia.' Reviewing 163 patient charts to determine the
appropriateness of piperacillin/tazobactam use, they found
that the medication was used correctly only 71% of the time.
In this study, appropriateness was evaluated based on the
FDA-approved indication. Inappropriate indications included
penicillin allergy, contaminated culture, bacterial colonization
(which might not cause infection), infection with a pathogen
for which resistance to piperacillin/tazobactam has been
documented, community-acquired pneumonia (CAP) without
complications, community-acquired urinary tract infections
(UTlIs), uncomplicated pancreatitis, and suspected intra-
abdominal infections of mild-to-moderate severity.

To use antibiotics judiciously, our institution has developed
drug-use guidelines for several antibiotics, including vanco-
mycin, aminoglycosides, tigecycline (Tygacil, Wyeth/Pfizer),
micafungin (Mycamine, Astellas), and voriconazole (Vfend,
Pfizer). Because of a lack of institution-specific guidelines for
the use of piperacillin/tazobactam, we completed a medication-
use evaluation (MUE) of this broad-spectrum antimicrobial
to determine how appropriately it was being used in our com-
munity health system.
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METHODOLOGY

We conducted a retrospective chart review of patients who
received piperacillin/tazobactam at our hospital health system.
The health system comprises four acute-care hospitals, a medi-
cal group, a research institute, and a foundation. Computerized
prescriber order entry (CPOE) and electronic medical records
(EMRs) are used. Our study was exempt from investigational
review board approval because it was considered a quality-
improvement project.

Our study period covered the months of April 2011 through
June 2011. We identified more than 500 patients who received
piperacillin/tazobactam during this period. We evaluated 200
randomly selected patient charts, 50 charts at each hospital.
We collected the following data by reviewing individual
patient charts: patient demographics, empirical indication
for piperacillin/tazobactam use (determined from physician
progress notes), dose and duration of antibiotic therapy, culture
and sensitivity results, concomitant antibiotics, total length of
stay (LOS) in the hospital, and whether or not an infectious-
diseases specialist was consulted. The primary endpoint of
overall appropriateness was evaluated based on empirical
indication, dose, and de-escalation of the antimicrobial regimen.

A chi-square test was used for the comparison of categorical
variables (i.e., appropriateness among the four hospitals). A
P value of less than 0.05 was regarded as statistically signifi-
cant. We performed the statistical analysis using SAS software,
version 9.2.

The following criteria were used to determine the appropri-
ateness of piperacillin/tazobactam use:

1. Adequacy of initial antibiotic choice. Empirical therapy
with piperacillin/tazobactam was considered appropriate based
on the following indications (IDSA disease-state guideline or
prescribing information recommendations) -

a. Late-onset hospital-acquired pneumonia (HAP), health
care-associated pneumonia (HCAP), and ventilator-
associated pneumonia (VAP)

b. Community-acquired pneumonia (CAP) if P aeruginosa
is a consideration (e.g., in patients with bronchiectasis,
chronic oral steroid use, or late HIV infection)

c. Febrile neutropenia

d. Intra-abdominal infections

e. Septic shock

f. Moderate-to-severe infections: appendicitis, skin and
soft-tissue infections (SSTIs), peritonitis, pelvic inflam-
matory disease, and puerperal endometritis

2. Appropriate dose as recommended by the prescribing informa-
tion. We evaluated the dose only if the empirical therapy with
piperacillin/tazobactam was considered appropriate.

3. Re-evaluation and adaptation of therapy after cultures and
sensitivities are obtained. The regimen was appropriately de-
escalated, if necessary, or an alternative antibiotic was selected
if the organism was not susceptible to piperacillin/tazobactam.

RESULTS

Baseline characteristics of the study population are shown
in Table 1. Serum creatinine levels, white blood cell (WBC)
counts, and temperature were obtained on the day of initia-
tion of piperacillin/tazobactam therapy. The empirical indica-

Table 1 Basic Characteristics of the Study Population

(200 Patients) at Northshore University HealthSystem

Mean patient age 73.3 years

Antibiotic allergies (No.)
- Macrolide (6)
« Fluoroquinolone (14)
« Sulfa (13)
« Nitrofurantoin (2)
« Tetracycline (2)
« Aminoglycoside (1)
- Daptomycin (1)
« Vancomycin (1)
« Colistin (1)
« Clindamycin (1)

Sex 53.5% male
13.2 x 10° cells/mm?
99.1°F
166.7 cm
75.6 kg
1.4 mg/dL

Mean white blood cell count

Mean temperature

Mean height

Mean weight

Mean serum creatinine, excluding patients
receiving peritoneal dialysis or hemodialysis

Mean duration of piperacillin/tazobactam
treatment

4.8 days

Mean length of hospital stay 10.2 days

Percentage of patients consulting an infection- 24%
disease specialist

tions for which piperacillin/tazobactam was prescribed are
presented in Table 2. HCAP made up the majority (22.5%) of
these indications.

The three reasons for inappropriate use at all four hospitals
(Figure 1) were empirical indication (86%), wrong dose (9%),
concomitant antibiotics, and a failure to de-escalate the dose (5%).

Empirical indication was a large contributor to the inappro-
priate use of piperacillin/tazobactam. For appropriate dose,
there was no difference among the four hospitals (P = 0.681).
However, differences in appropriate de-escalation and initial
empirical therapy were statistically significant among the hos-
pitals (P < 0.0001 and P = 0.0294, respectively).

De-escalation (n = 3)
Dose (n=5)

Figure 1 Reasons for inappropriate use of piperacillin/
tazobactam at four hospitals (n = 57).
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Table 2 Empirical Indications for Which Piperacillin/
Tazobactam Was Prescribed

Indication No. of Patients
Health care—associated pneumonia 45
Sepsis 35
Community-acquired/aspiration pneumonia 23
Hospital-acquired pneumonia 22
Intra-abdominal infection 18
Skin and soft-tissue infection 13
Organ perforation "
Urinary tract infection 9
Fever of unknown origin 7
Diverticulitis 4
Other (preoperative diarrhea, sinusitis, and

Ludwig’s angina) 4
Neutropenic fever 2
Empyema 2
Osteomyelitis 1

Overall rates of inappropriateness of antibiotic use differed
among the four hospitals (P =0.010); these rates are shown in
Figure 2. The results are summarized in Table 3.

DISCUSSION

We sought to evaluate the appropriate use of piperacillin/
tazobactam at a community health system. Our methods in-
cluded a retrospective chart review of 200 randomly selected
charts among four hospitals (i.e., 50 charts from each hospi-
tal). Appropriate use of piperacillin/tazobactam was based on
three criteria: initial empirical therapy, dose, and appropriate
targeted therapy.

We found that the overall appropriate use of piperacillin/tazo-
bactam at all four hospitals was 71.5%. This rate differed among
the hospitals (P = 0.010) and was lower than the benchmark
study that we used (83%).* Appropriateness rates for Hospitals
A and B (82%) were higher than those for Hospital C (64%) and
Hospital D (58%). When microbiology results were available,
appropriate de-escalation of the microbial regimen was evident.

The IDSA and SHEA guidelines on antimicrobial stewardship
recommend several elements to complement core antimicrobial
stewardship strategies to optimize prescribing, including staff
education, implementation of evidence-based order sets and
clinical pathways, dose optimization, streamlined therapy, and
parenteral-to-oral conversion.! At our institution, approximately

100%

o)
90% 82% 82%
80%
N 71.5%
70% 64%
60% 58%
50%
40%
30%
20%
10%
0%
Hospital Hospital Hospital Hospital Total
A B C D

Figure 2 Overall appropriate use of piperacillin/
tazobactam at four hospitals.

86% of the inappropriate use of piperacillin/tazobactam was
a result of its initial empirical selection. The high number of
instances of inappropriate initial empirical selection of this
agent is concerning.

Our university health system does not currently have guide-
lines for physicians and pharmacists regarding appropriate
indications for the use of piperacillin/tazobactam. In addition
to educating staff members about the appropriateness of this
antimicrobial agent, creating and implementing guidelines for
its use would be feasible interventions. Another medication-use
evaluation could be performed a few months after these steps
are implemented to assess the impact of these interventions.

STUDY LIMITATIONS

As in many retrospective studies, our study had several limita-
tions. For one, we evaluated the appropriateness of piperacillin/
tazobactam use retrospectively according to predefined criteria
instead of assessing the appropriateness of its use at the time
of clinical decision-making.

The criteria that we used to evaluate appropriateness were
narrow; we could have also evaluated bacterial colonization,
duration of therapy, and infection with a pathogen for which
resistance to piperacillin/tazobactam had been documented.
Length of therapy is difficult to assess, because antibiotic treat-
ment should be tailored to each patient and the duration is
dictated by the clinical course. However, incomplete therapy
can lead to the re-emergence of infection and to patient re-
admissions, whereas prolonged therapy can lead to unintended
consequences such as C. difficile infection and the emergence
of resistant bacteria.

Care should be exercised when these results are extrapolated
to other practice settings because of differences in baseline
antimicrobial stewardship practices.

Table 3 Rates of Overall Appropriate Use of Piperacillin/Tazobactam at Four Hospitals

Appropriateness Criteria Hospital A Hospital B Hospital C Hospital D P Value
Empirical therapy 43/50 (86%) 42/50 (84%) 34/50 (68%) 33/50 (66%) 0.0294
Initial dose 41/43 (95%) 41/42 (98%) 32/34 (94%) 33/33 (100%) 0.681
Dose de-escalation 31/31(100%) 22/22 (100%) 25/25 (100%) 10/18 (56%) <0.0001
Overall 41/50 (82%) 41/50 (82%) 32/50 (64%) 29/50 (58%) 0.010
continued on page 483
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CONCLUSION

Our results confirmed the tendency toward the inappropri-
ate use of piperacillin/tazobactam at our institution, especially
when the selection of treatment was based on initial empirical
therapy. Given the concerns about the increasing occurrence
of antimicrobial resistance, coupled with the decline in the
emergence of new antimicrobial products, it is critical that
broad-spectrum antibiotics, such as piperacillin/tazobactam,
be used appropriately. Antimicrobial stewardship efforts, in
addition to infection-control strategies (e.g., hand hygiene and
isolation of the patient), present the best chance for curtail-
ing drug resistance, for reducing costs, and for minimizing
adverse events.
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