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ABSTRACT
Pseudomonas aeruginosa remains an important pathogen. Our purpose was to determine the minimum inhibitory concentration (MIC) and pharmacodynamic (PD) parameters predicting a positive response to therapy with piperacillin-tazobactam. Medical records were retrospectively reviewed at 3 centers. Data were recorded to assess age, type of
disease, renal function, weight (body mass), MIC, antimicrobial treatment, and clinical outcome. Success was response
to piperacillin-tazobactam alone, or in combination with another active agent; failure was lack of response. Of 78 evaluable patients, 63 responded (7 UTI; 56 non-UTI) and 15 did not; 26 responding received combination therapy and 37
monotherapy. Piperacillin-tazobactam treatment was successful in 53 of 63 of non-UTI disease with a MIC of ≤64/4
µg/mL, but in only 3 of 7 with a MIC of >64/4 µg/mL (P = 0.023); overall 9 of 10 infections by strains with MICs = 32
- 64 µg/mL had a successful outcome. Piperacillin estimated time above MIC at 20% separated those responding from
those that did not (P = 0.019).
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1. Introduction
The global plague of antibiotic resistant infections is
recognized as a serious threat to world-wide healthcare
[1]. This has been accompanied by a steady decline in the
research and development of new antimicrobial agents to
deal with the challenge. One of the key pathogen groups
included in this threat are multidrug-resistant, increasingly pan-resistant, Gram-negative bacilli [1,2]. In this
group is Pseudomonas aeruginosa, which remains an
important pathogen that is steadily becoming more resistant to antimicrobial agents [3,4]. Treatment options for
infections with this organism are limited. Traditionally,
therapy of serious infection with P. aeruginosa has been
accomplished with a combination of agents owing to the
frequent resistance seen in this pathogen [5].
When dealing with a pathogen such as P. aeruginosa it
is clear that an evidence-based approach as to what ther*
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apy is most likely to result in clinical response will be
useful for selecting a treatment strategy. In order to accumulate these data there is a need to determine the outcome of therapy in a group of patients where in vitro susceptibility and pharmacodynamic parameters can be determined. The purpose of this study was to collect data
that would determine what susceptibility breakpoint reliably predicts clinical success when piperacillin-tazobactam
is used for therapy of P. aeruginosa infection at adequate
doses and what pharmacodynamic parameter(s) can also
guide in predicting human clinical response.

2. Patients and Methods
2.1. Subject Selection and Record Review
Patients were identified by retrospective review of databases at participating laboratories, recruited from the
ClinMicroNet (an electronic network of leading Clinical
Microbiology laboratory directors), from January 2007 to
December 2008. Medical records were reviewed and
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patient data were collected on: age, gender, bodyweight,
laboratory studies (including white blood count and serum creatinine), site(s) of infection, antimicrobial regimen and dose, and co-morbid illnesses. Treatment outcomes were determined for patients with infection from
P. aeruginosa given piperacillin-tazobactam, alone or in
combination with other antimicrobials, for a minimum of
72 hours. Outcomes were assessed based on clinical and
bacteriologic parameters. Success was defined as improvement in clinical status with resolution of infection
when piperacillin-tazobactam was the only active agent
administered (monotherapy) or when two active agents,
as measured by in vitro susceptibility testing, that included piperacillin-tazobactam were given (combination
therapy). Treatment failure was defined as lack of improvement, death from infection, or persistently positive
cultures. Outcome of piperacillin-tazobactam treatment
was compared to the in vitro susceptibility of the organism determined by the participating laboratories. If more
than one potential infected body site had P. aeruginosa
recovered, the sample from the most serious infection
was counted for this investigation; thus, blood stream
infection superseded respiratory infection that superseded
wound infection, which superseded UTI.

2.2. Laboratory Testing and
Pharmacodynamic Analysis
Bacterial identification was performed by conventional
methods. Susceptibility testing was performed by microbroth dilution or disk diffusion, and the actual or extrapolated MIC recorded [6-9]. Percentage of time above the
MIC (%T > MIC) was estimated using a formula that
combines individual pharmacokinetic parameters (piperacillin-tazobactam regimen, dosing interval, and MIC)
plus published values for fraction unbound (70%) drug,
volume of distribution (0.15 L/kg) and t1/2 (0.75 h) of
piperacillin-tazobactam: %T > MIC = ln (fu × dose/Vd ×
MIC) × t1/2 /ln(2) × 100/ (where ln = natural logarithm,
fu = fraction unbound, Vd = volume of distribution (L/kg),
t1/2 = elimination half-life (h), and  = dosing interval (h))
[10-14]. For estimating the %T > MIC renal function was
taken into account in order to modify the half-life of
piperacillin-tazobactam. Creatinine clearance was estimated from prediction equations that took into account
the serum creatinine concentration, age, gender, and body
size/weight [15]. In mild to moderate renal impairment
(serum creatinine = 2.5 - 7.5 mg/dL) the half-life of piperacillin-tazobactam only increases modestly as renal function declines (mean = 3.57 ± 1.36 hours), so that considerable variation of serum creatinine has little effect on
measured half-life [16]. Patients were all treated over
several days with initial dosage based on presenting
weight (body mass) and creatinine clearance, then adjusted for changes in renal function during hospitalization
Copyright © 2012 SciRes.
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until steady state was reached; providing a reasonable
estimate of piperacillin-tazobactam exposure. A one-compartment, first order, intravenous model was used to estimate %T > MIC. While there is disagreement as to the
accuracy of this model for pharmacodynamic analysis
[17], the infusion time of piperacillin-tazobactam is relatively uniform (30 minutes), which negates meaningful
differences as this time period allows for significant diffusion to the extravascular compartment during drug administration [14,18], particularly after several doses of the
drug when steady state between the intravascular and extravascular compartments has been achieved. Tazobactam
exposure was estimated by calculating the area under the
concentration-time curve (AUC0-24).

2.3. Statistical Methodology
A Wilcoxon two sample test was used to assess the effect
of continuous covariates (Age, Weight, White Blood
Count (WBC), and Maximum temperature) to the outcome. As the data were skew distributed it was evaluated
by the Shaprio-Wilk’s test and histogram distribution. A
Chi-square test, Fisher’s exact test or an exact Pearson’s
Chi-square test was used to evaluate the association between categorical covariates and the outcome. A P < 0.05
is regarded as statistically significance. Covariates with P
< 0.25 (Stay in ICU, WBC, Maximum temperature, MIC
> 64 µg/mL and %T/MIC < 20) in univariate analysis
(Table 1) are included in the initial multiple regression
model and removed backwardly at 0.05 significance
level. Note that %T/MIC < 20 is derived from MIC and
therefore they are not analyzed simultaneously in one
multiple regression model.

2.4. Human Subject Review
Approval for this chart review study was obtained from
the NorthShore University HealthSystem Institutional Review Board.

3. Results
3.1. Overall Outcome
We identified a total of 86 patients with infections caused
by P. aeruginosa that were treated with piperacillintazobactam. Of the 86 cases discovered and reviewed, 3
did not have recorded susceptibility information and
were excluded from analysis. Another 5 cases were indeterminate as to outcome based on the data recorded in
the medical record (2 had therapy changed because of
mixed infection with another piperacillin-tazobactam
resistant Gram negative organism, 1 patient expired less
than two days after treatment was begun, 1 had therapy
discontinued because of hospice placement, 1 had therapy changed upon recognition of prior penicillin allergy)
OJMM
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Table 1. Covariates by outcome in univariate analysis.
Successful outcome (n = 63)

Unsuccessful outcome (n = 15)

Significance

66 (74: 17 - 98)

66 (63: 41 - 87)

0.423

35

10

0.434

42/21

9/6

0.626

66.0 (66: 43.1 - 99.8)

65.5 (66: 33.8 - 84.7)

0.663

Renal

33

6

0.383

Pulmonary

9

1

Diabetes

3

1

Malignancy

4

1

Paralysis

8

1

Postoperative

2

3

Mean age (median: range)
Number with ICU care
Male/female
Mean weight in kg (median: range)
Underlying diseases

2

1

1 underlying disease

Transplant

27

7

≥2 underlying diseases

17

3

0.747

Stay in the ICU

35

12

0.157

12.3 (11.1: 0.9 - 46.4)

15.0 (13.4: 3.8 - 32.6)

0.186

99.3 (98.7: 94.4 - 104.3)

100.2 (100.3: 97.7 - 102.9)

0.067

WBC at start of infection (median: range)
Maximum temperature (˚F) at start
of infection (median: range)

0.789

Cases with MIC > 16 µg/mL

11 (17%)

5 (33%)

0.283

Cases with MIC > 64 µg/mL

3 (5%)

4 (27%)

0.023

Cases with %T/MIC < 20

5 (8%)

5 (33%)

0.019

Cases with %T/MIC < 50

17 (27%)

6 (40%)

0.354

and were also excluded, leaving 78 cases for this report.
The patient groups were well matched when comparing
the 63 success (including both mono- and combination
therapy) versus 15 failure subjects. Table 1 demonstrates
that in univariate analysis a MIC > 64 µg/mL and %T/MIC
< 20 are positively associated with unsuccessful outcome
(P = 0.023 and 0.019 respectively). Specifically, cases
with MIC > 64 µg/mL were more likely to have unsuccessful outcome (odds ratio: 7.27, 95% confidence interval: 1.43 - 37.09), and cases with an estimated %T/MIC
< 20 were more likely to have unsuccessful outcome
(odds ratio: 5.80, 95% confidence interval: 1.42 - 23.74).
Cases with an elevated maximum temperature at the start
of infection are also positively associated with unsuccessful outcome but the statistical significance is marginal (P = 0.067). The association between other covariates and the outcome did not reach statistical significance
at a 0.05 level. Using the chosen statistical model and
selection procedure, a multiple logistic regression for
outcome (unsuccessful vs. successful) was attempted but
only either MIC > 64 µg/mL or %T/MIC < 20 remained
significant in the model; in other words, no significant
multiple logistic regression model could be constructed
because the other covariates were not significant in the
multiple regression model. The covariate information
collected for the patients with a successful and unsuccessful outcome along with the statistical analysis are in
Copyright © 2012 SciRes.

Table 1.

3.2. Monotherapy and Combination
Drug Treatment
Forty-three patients received piperacillin-tazobactam alone
and 35 were given it in combination with another active
agent. MIC values for piperacillin-tazobactam ranged
from <0.25/4 to 512/4 µg/mL. The majority of infections
involved the respiratory tract (n = 53; 68%), followed by
blood (n = 14; 18%), urine (n = 7; 9%), and skin and
soft-tissue sites (n = 4; 5%). Overall, 63 patients responded (7 UTI and 56 non-UTI) and 15 did not, for a
response rate of 81%. Most patients were treated with a
single antimicrobial (n = 43; 55%), of whom 37 were
deemed to have had successful therapy (86%). Successful outcome using monotherapy for non-UTI infection
was demonstrated in 23 of 27 (86%) respiratory tract
infections, 5 of 6 (83%) blood stream infections, and 2 of
3 (67%) wound infections. All 7 UTI patients (6 with
complicated UTI) received monotherapy and responded
successfully regardless of MIC (all were ≤64 µg/mL).
Successful outcome using combination drug treatment
for non-UTI infection was demonstrated in 18 of 25
(72%) respiratory tract infections, 7 of 9 (78%) blood
stream infections, and the single wound infection in this
group. Importantly, there were 10 strains having a MIC
for piperacillin-tazobactam of 32 or 64 µg/mL (Table 2).
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Table 2. Characteristics and treatment outcome for patients infected with P. aeruginosa that was susceptible to 32 or 64
µg/mL of piperacillin-tazobactam.
Case

Source

Dose (in Gm)

Dose interval

MIC (µg/mL)

Serum creatinine
(mg/dL)

%Time > MIC

Case outcome

1

Respiratory

2.25

6 hrs

32

5.2

29%

successful
(combination therapy)

2

Respiratory

3.375

8 hrs

32

0.8

30%

successful
(combination therapy)

3

Respiratory

3.375

6 hrs

32

1.6

30%

successful (monotherapy)

4

Blood

2.25

8 hrs

32

6.4

22%

successful (monotherapy)

5

Blood

3.375

6 hrs

32

1.6

37%

successful (monotherapy)

6

Respiratory

3.375

6 hrs

64

0.6

19%

unsuccessful
(monotherapy)

7

Respiratory

2.25

6 hrs

64

3.7

14%

successful
(combination therapy)

8

Urine

2.25

6 hrs

64

2.7

14%

successful (monotherapy)

9

Urine

3.375

6 hrs

64

1.2

22%

successful (monotherapy)

10

Urine

3.375

6 hrs

64

1.4

22%

successful (monotherapy)

Nine of these 10 (90%) infected patients responded to
therapy; this included 3 of 3 with complicated UTI (MIC
= 64 µg/mL) and both with bacteremia (MIC = 32
µg/mL); all given monotherapy.
We have included the complicated UTI patients with
the other infections in our overall analysis because these
occur in patients with abnormalities of the urinary tract
that impair the antibiotic concentrating capacity of the
renal collecting system, as was the case in all 3 of our
patients with P. aeruginosa having MICs to piperacillin-tazobactam in the 32 - 64 µg/mL range. Patients with
complicated UTI require broad-spectrum antimicrobial
therapy and a longer duration of treatment. Overall, the
complication rate and mortality is higher in complicated
UTI and more resembles infection outside of the urinary
tract. Finally, these patients are at a higher risk of relapse
or recurrence compared with those suffering from uncomplicated UTI [19], and all were cured.

3.3. Pharmacokinetic Analysis
Pharmacokinetic/pharmacodynamic data were available
for all patients. Daily dosing ranged from 2.25 Grams
every 8 hours to 4.5 Grams given every 6 hours, adjusted
for renal function impairment, which was infused over a
standard dosing time (approximately 30 minutes). A
graphic depiction of the results is in Figures 1-3. Piperacillin-tazobactam treatment was successful in 53 of 64
(83%) non-UTI disease with a MIC of ≤64/4 µg/mL, but
in only 3 of 7 non-UTI with a MIC of >64/4 µg/mL (P =
0.023). Piperacillin estimated time above MIC at 20%
also separated those responding from those that did not
(P = 0.019). Treatment was successful, using mono- or
combination therapy in 53 of 61 (87%) non-UTI disease
with a %T > MIC of 20%, but in only 5 of 10 non-UTI
Copyright © 2012 SciRes.

when the %T > MIC was under 20% (P = 0.019).

4. Discussion
We have compiled what we believe is the first case series
of patients infected with P. aeruginosa that compares in
vitro susceptibility results, the drug exposure parameters
for each treated patient and the clinical outcome for the
affected persons. Calculating the pharmacodynamic parameters and assessing them in light of clinical response
provided somewhat unexpected results in that the %T >
MIC predicting a favorable response when using piperacillin-tazobactam for therapy of P. aeruginosa infection
was only 20% as opposed to the traditionally expected
40% to 50% for penicillin-type antibiotics [20,21]. Therapeutic response also clearly corresponded to a susceptibility breakpoint of ≤32 µg/mL for all infections (both
UTI and non-UTI). Unfortunately there were insufficient
non-UTI cases with a MIC of 64 µg/mL to definitively
indicate how infection would respond at that MIC. Interestingly, recalculating the PK/PD parameters for piperacillin-tazobactam using a %T > MIC of 20% predicting
a favorable response suggests the former, higher breakpoint was likely sufficient (discussed subsequently). The
dosing used for our report followed that recommended in
the package insert where administration of up to 4.5 gm
piperacillin-tazobactam every 6 hours is suggested for
treatment of hospital-acquired pneumonia and suspected
infections due to P. aeruginosa; the in vitro susceptibility
breakpoint we suggest as most useful when interpreting
our results (MIC of ≤64/4 µg/mL) corresponds to that
found in past package inserts for use of this agent when
treating P. aeruginosa [22].
Tam and colleagues published findings on the treatment
of P. aeruginosa bacteremia with piperacillin-tazobactam
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Figure 1. Depiction of specific treatment outcome for individual patient responses based on the in vitro MIC (in µg/mL) of
piperacillin-tazobactam (alone and in combination) used for non-UTI and UTI infection with P. aeruginosa.

Figure 2. Depiction of specific treatment outcome for individual patient responses based on %Time above the MIC of piperacillin-tazobactam (alone and in combination) used for non-UTI and UTI infection with P. aeruginosa.

Figure 3. Depiction of overall successful outcome (includes success based on use of monotherapy and partial success based on use
of combination therapy) associated with %time above the MIC of piperacillin-tazobactam used for infection with P. aeruginosa.
Copyright © 2012 SciRes.
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that appear to contradict our results [23]. They found the
30 day mortality and the time to hospital mortality was
significantly worse in a piperacillin-tazobactam treated
group of 7 patients where the in vitro susceptibility to
piperacillin-tazobactam was 32 - 64 µg/mL compared to
controls [23]. However, no drug specific exposure was
reported for either the piperacillin-tazobactam group or the
control subjects-other than dosing was reported as being
given according to the manufacturer’s recommendations;
thus no pharmacokinetic/pharmacodynamic assessment
could be made. Also, critical review of the cases in that
report reveals nearly 1/3 of both the target and control
patients had urinary infection as the primary site for P.
aeruginosa disease, a site where we saw no failures at any
MIC; also, 43% of the piperacillin-tazobactam subjects
had wound infection indicated as the primary site of illness
compared to 15% for the control group, and the primary
site of infection was unknown in 48% of the controls versus 14% for piperacillin-tazobactam [23]. Thus, conclusions from their study are suggestive at best, and since it
represents the only other published series of clinical outcome using piperacillin-tazobactam for treatment of P.
aeruginosa disease we believe it is perhaps less instructive
than our results.
Several theoretical pharmacokinetic/pharmacodynamic
analyses have been done that attempt to address the hypothetical modeling of piperacillin-tazobactam treatment
by estimating the likelihood of attaining the necessary
pharmacokinetic parameters for specific microbial susceptibility levels [24-26]. These have concluded that the
prior Clinical and Laboratory Standards Institute (CLSI)
breakpoint for susceptibility of P. aeruginosa to piperacillin-tazobactam (≤64 µg/mL) over estimated susceptibility to that compound that led to considerable discrepancies between the CLSI and European breakpoints [7-9,
24-26]. However, all have assumed that the exposure time
needed for a successful outcome using piperacillin-tazobactam (based upon the piperacillin component)
against P. aeruginosa is a %T > MIC of ≥50%. This assumption is drawn from the behavior of other penicillin-type antimicrobial agents and has never been studied
in either animals or humans using piperacillin-tazobactam.
Our clinical data from human subjects indicates that for
piperacillin-tazobactam the necessary drug exposure is
likely much lower, at %T > MIC of ≥20% for human subjects, which would lead to very different conclusions in
these simulations. Applying %T > MIC of ≥20% to the
simulations of Lodise et al. [24], as well as of DeRyke
and colleagues [25], would indicate that for 90% target
attainment a MIC between 32 and 64 µg/mL would be
appropriate using the current recommended dosing of 4.5
grams every 6 hours to treat P. aeruginosa infection. Since
the current standard for reporting susceptibility test results
is to “round up” to the next doubling MIC level, that
Copyright © 2012 SciRes.
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would correspond to a susceptibility breakpoint of 64
µg/mL [7].
An important question to address is why piperacillintazobactam may have pharmacodynamics more similar to
that of carbapenem antibiotics than other penicillins [20,
21]. One little appreciated fact is the action of -lactamase inhibitor agents on accessory penicillin binding
protein (PBP) targets for both Gram-positive and Gramnegative bacteria. They have been shown to enhance
cephalosporin action against non--lactamase producing
methicillin-resistant Staphylococcus aureus, outperforming vancomycin [27], as well as for ampicillin against E.
coli and Proteus species through their capacity to bind
secondary PBPs [28], which augments the bactericidal
effect on bacteria; not only in -lactamase-producing bacteria but also in penicillin- and ampicillin-sensitive strains.
Finally, the inhibitor combinations perform as well as the
carbapenem agents in the treatment of infections due to
extended spectrum β-lactamase producing Enterobacteriaceae [29-31], further suggesting the unique potency
characteristics of this drug class.
We did not assess the pharmacokinetics of tazobactam
as a unique compound since the literature on piperacillintazobactam is divided regarding pharmacodynamic role of
the tazobactam component [24,32,33]. In the present study,
the calculated tazobactam AUC0-24 was in excess of the
estimated concentration required for -lactamase activity
throughout the dosing interval [34,35]. Thus we agree with
Johnson and colleagues that pharmacokinetic analyses can
be based on the assessment of piperacillin alone [11].
Combining a β-lactamase inhibitor with a penicillin or
cephalosporin has a major impact on the molecule with
which it is combined. Thus it is not surprising that some of
these agents have been very successfully used in the
treatment of infectious disease for several decades [36].
Continually increasing resistance is recognized as an
important healthcare threat that encompasses many pathogens, including P. aeruginosa [1-4]. This problem is particularly challenging for difficult to treat infections such as
healthcare-associated pneumonia, where P. aeruginosa
plays a prominent role [5], and when faced with an ongoing deterioration of the pharmacodynamic profiles for all
agents active against this pathogen [37]. Dealing with this
issue requires increased understanding of how antimicrobial agents perform in the treatment of actual clinical infection, which we have investigated in this study. The
recognition that piperacillin-tazobactam can be effective
against serious infection from P. aeruginosa, even as the
susceptibility of this pathogen to the drug approaches 64
µg/mL, is important when proper dosing is administered
and such knowledge can aid in maintaining the utility of
this antibiotic well into the future. An example of this is in
Case 2 (Table 2) where it appears the patient achieved a
high %T > MIC with normal renal function and a relaOJMM
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tively low drug dose. This particular patient was very
small (weight ≈ 35 kg) so a low dose was sufficient to
achieve adequate drug exposure leading to a successful
outcome.
Our research has several limitations. The first is that it
is a retrospective study where none of the authors were
able to prospectively follow patient treatment and outcome. However, of the nearly 80 patients assessed, most
had non-UTI infections and those with UTI nearly all (6
of 7) experienced complicated infections (renal function
impairment), which limits concentration of β-lactam agents
in the urinary collecting system. The majority of infections were from the respiratory tract and even when directly caring for a patient it can be challenging to know if
the isolation of P. aeruginosa from respiratory secretions represents infection or colonization. However, the
patients were all treated for pneumonia by their primary
physician. From the perspective of our patients, 30 of the
42 patients (71%) who responded were cared for in the
ICU as were 7 of 9 (78%) who failed therapy, indicating a
high level of seriously ill persons. All were considered
likely enough to have pneumonia from P. aeruginosa to
be treated for this disease. Also, in this type of analysis, it
is possible that the results from one enrollment site can
dominate those from the other reporting centers. We do
not believe this was the case in this report as 53% of cases
were derived from one site, 30% from the second site, and
17% from the third. The distribution of infections, successful (or partially successful) outcome, and failures
were not different between the three sites submitting cases.
Our investigation found a relatively small number of
evaluable patients (78) to determine our conclusions.
However, this is the only study to date that has investigated the role of in vitro susceptibility plus actual drug
exposure compared to clinical outcome of P. aeruginosa
infection treated with piperacillin-tazobactam. The fact
that the majority of cases (55%) received monotherapy
further strengthens our findings. Also, we did not collect
information on serum albumin concentrations that can
affect drug protein binding and distribution of free piperacillin. However, at the low level of piperacillin binding
to serum albumin the impact is practically minimal since
free drug equilibrates between the intravascular and extravascular free body water. Because the free water extravascular space is nearly 10-fold that of the intravascular water, raising a given drug’s binding to serum proteins
from 0% to 90% reduces the concentration of free drug in
serum and tissue by only one-half [38]. Finally, our measurements reflect both the initial dosing as well as more
drug exposure that occurred as treatment time lengthened.
Importantly, this does not negate our findings of what is
needed for starting therapy with piperacillin-tazobactam
are the pharmacodynamic parameters that predict success
or failure based on treatment with this agent.
Copyright © 2012 SciRes.
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In conclusion, piperacillin-tazobactam treatment was
successful when administered alone or in combination
with another agent in ≥80% of all infections caused by P.
aeruginosa when the organism was susceptible at a MIC
equal to or less than 64 µg/mL. When the %T > MIC was
at least 20% there also was a good correlation with likely
success. This suggests that piperacillin-tazobactam is adequate for treatment of P. aeruginosa when dosing is sufficient to maintain the %T > MIC at 20% or greater, which
is a level readily attainable with the current dosing recommendation even when the in vitro MIC approaches 64
µg/mL.
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