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Background. The Clinical and Laboratory Standards Institute (CLSI) recently elected to adjust the previous
piperacillin susceptibility breakpoint of ≤64 µg/mL against Pseudomonas aeruginosa to ≤16 µg/mL, based largely on
pharmacokinetic–pharmacodynamic (PK–PD) modeling studies. Data on whether PK–PD modeling correlates with
clinical outcomes in children are needed before resorting to broader classes of antibiotics to treat P. aeruginosa.

Methods. We performed a retrospective cohort study of children with P. aeruginosa bacteremia between 2001
and 2010 who were prescribed piperacillin. Baseline characteristics and clinical outcomes of children with piperacillin
minimum inhibitory concentrations (MICs) of ≤16 µg/mL and of 32–64 µg/mL were compared. The primary
outcome was 30-day mortality.

Results. There were 170 children with P. aeruginosa bacteremia receiving piperacillin therapy who met inclusion
criteria. One hundred twenty-four (72%) children had piperacillin MICs of ≤16 µg/mL and 46 (28%) children had
piperacillin MICs of 32–64 µg/mL. There was no significant difference in baseline characteristics between the 2
groups. Thirty-day mortality was 9% and 24% in children with a piperacillin MIC of ≤16 µg/mL and of 32–64 µg/
mL, respectively. Using multivariable logistic regression, children with elevated MICs had increased odds of mortali-
ty compared with children with lower MICs (odds ratio, 3.21; 95% confidence interval, 1.26–8.16).

Conclusions. Our finding that elevated piperacillin MICs are associated with higher mortality in children sup-
ports the recent CLSI recommendation to lower the breakpoint of piperacillin against P. aeruginosa to ≤16 µg/mL.
Alternate therapeutic choices should be considered when piperacillin MICs against P. aeruginosa are ≥32 µg/mL.

In June 2011, the Clinical and Laboratory Standards
Institute (CLSI) elected to adjust susceptibility break-
points of piperacillin against Pseudomonas aeruginosa,
with the susceptible range being defined as a piperacil-
lin minimum inhibitory concentration (MIC) of ≤16
µg/mL, in contrast with the previously defined break-
point of ≤64 µg/mL [1]. The previous breakpoint was

largely guided by in vitro studies demonstrating a 2-
fold decrease in the MIC against P. aeruginosa with
the combination of an antipseudomonal penicillin and
aminoglycoside; an assumption was made that patients
would be treated with both classes of antibiotics con-
currently [2–6]. Since then, the practice of combina-
tion therapy with an aminoglycoside has largely
fallen out of favor because of the toxicity of the later
agent, calling into question the rationale for main-
taining the breakpoint at 64 µg/mL [7–9]. In addi-
tion, pharmacokinetic– pharmacodynamic (PK–PD)
modeling employing Monte Carlo simulation tech-
niques has suggested a low probability of attaining
optimal pharmacodynamic targets with MICs of ≥32
µg/mL [10]. There have been no studies assessing the
relationship between piperacillin MICs and clinical
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outcomes of children with pseudomonal infections, and it is
unclear if Monte Carlo simulations reflect observed clinical
outcomes in children. Bloodstream infections due to P. aeru-
ginosa result in high mortality rates in children, making it
essential that optimal antimicrobial therapy be prescribed for
P. aeruginosa infections [11].

Piperacillin is commonly used as empiric therapy for children
at risk for resistant organisms because of its broad spectrum
of activity and its safety profile [12, 13]. With implementation
of the new CLSI recommendations, a greater proportion of
P. aeruginosa organisms once considered susceptible to piper-
acillin will now fall into the intermediate category, and thera-
peutic options for P. aeruginosa need to be reconsidered.
Clinicians will increasingly need to resort to broader classes of
antibiotics, such as carbapenems, for P. aeruginosa infections.
This is concerning given the limited number of broad-
spectrum agents targeting resistant P. aeruginosa in the pipe-
lines of the pharmaceutical industry [14]. Consequently, deter-
mining whether piperacillin MICs of 32–64 µg/mL are
associated with poor outcomes for children with P. aeruginosa
infections is clinically important. We conducted a retrospec-
tive cohort study to determine if pediatric bacteremia caused
by P. aeruginosa strains with reduced susceptibility to pipera-
cillin is associated with an increased risk of mortality and
microbiological failure.

METHODS

Setting and Participants
Our study was conducted at the Johns Hopkins Hospital
(JHH) Children’s Center. The JHH Children’s Center is a
186-bed tertiary care pediatric hospital serving Maryland and
surrounding states. Children aged ≤18 years who were ad-
mitted to JHH from 1 January 2001 through 31 December
2010 with a positive blood culture for P. aeruginosa were in-
cluded in our study. Children who were prescribed an anti-
pseudomonal β-lactam other than piperacillin, those who did
not receive antipseudomonal therapy within 24 hours of
the first positive blood culture, those with a piperacillin MIC
against P. aeruginosa ≥128 µg/mL, and those with polymicrobial
bloodstream infections were excluded. Additionally, children
who died within 48 hours of the first positive blood culture for
P. aeruginosa were also excluded because mortality was likely
independent of their definitive antimicrobial therapy [15].

Data Collection
Laboratory databases were queried to identify all blood cultures
from which P. aeruginosa was isolated during the study period.
Patient characteristics of children with P. aeruginosa were
extracted from medical records. Pertinent data that were
retrieved from electronic and medical records included

demographic characteristics, absolute neutrophil count at the
time of first positive blood culture, preexisting medical condi-
tions, presence of a central line, and other body sites where P.
aeruginosa was recovered. Severity of illness at the time of the
first positive blood culture was assessed using the pediatric risk
of mortality (PRISM) score [16]. Data were also collected on the
use of combination antibiotic therapy (piperacillin + aminogly-
coside or fluoroquinolone) and whether a central line was
removed within 48 hours from the time P. aeruginosa was first
cultured from the bloodstream because these exposures were hy-
pothesized to be associated with both the piperacillin MIC and
patient outcomes.

The primary exposure of interest was piperacillin MIC
using the revised CLSI breakpoint. Of note, although we refer
to piperacillin in this manuscript, 98% of piperacillin pre-
scribed to children included in this study was used in combi-
nation with tazobactam. The MICs were categorized as
dichotomous variables with ≤16 µg/mL treated as susceptible
and MICs between 32 and 64 µg/mL treated as intermediate.
The primary outcome was 30-day all-cause mortality from the
first day of bacteremia. We made the assumption that children
who were alive at the time of discharge, if <30 days from the
time of the initial positive blood culture, were alive at 30 days.
This was confirmed when all included children who were alive
at the time of hospital discharge had subsequent medical visits
documented on a query of their medical records. The second-
ary outcome was 30-day microbiological failure. Microbiologi-
cal failure was defined using criteria for clinically significant
isolates (an organism isolated from a sterile body site or a sig-
nificant quantity of growth from nonsterile sites, such as urine
[if a catheter was in place], wounds, or tracheal aspirates) [17].
The study was approved by the Johns Hopkins University
School of Medicine Review Board, with a waiver of informed
consent.

Statistical Analysis
Summary statistics were constructed using frequencies and
proportions for categorical data and medians and interquartile
ranges for continuous variables. Pearson χ2 and Fisher exact
tests were used for unadjusted comparisons of categorical
baseline characteristics and clinical outcomes of children with
MICs in the susceptible and intermediate ranges. Both univar-
iate and multivariable logistic regression were conducted to
determine independent predictors of mortality and microbio-
logical relapse. Relationships between factors hypothesized to
influence clinical and microbiological outcome and MIC cate-
gory were explored using scatterplots and univariate analysis.
Univariate analysis was performed separately for each of the
potential explanatory variables to ascertain odds ratios (ORs)
and 95% confidence intervals (CIs). Covariates with P values
<.20 in the unadjusted model were included in the adjusted
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model. Additionally, any variable specified as a potential con-
founder a priori based on previous literature or biological
plausibility (eg, combination therapy and PRISM score) was
also included in the model. Variables not included in the final
model changed the point estimate for the effect of combina-
tion therapy by <10%. Because the effect of combination
therapy on mortality may differ for children with MICs of
≤16 µg/mL and MICs of 32–64 µg/mL, an interaction term
was included in our model to test for effect modification. The
MICs from January 2000 to August 2006 were determined
using agar dilution as the susceptibility testing method, and
the MICs after August 2006 were determined using the BD
Phoenix Automated Microbiology System. To explore the pos-
sibility of a change in testing leading to misclassification bias,
an analysis was conducted with data stratified based on the
method of susceptibility testing.

We also evaluated the MIC–mortality relationship after
matching children on their probability of having higher MICs.
We generated propensity scores for the probability of having
an elevated MIC by regressing MIC on age, gender, PRISM
score, length of hospital stay prior to bacteremia, intensive
care unit admission, use of combination therapy, number of
preexisting medical conditions, absolute neutrophil count cat-
egorization, pressor requirement, mechanical ventilation
status, and central line status. We then used nonparametic, 1:1
nearest neighbor matching to match patients based on pro-
pensity score and conducted a matched-pair analysis. Patients
who could not be matched to a patient with a propensity
score within 0.25 standard deviations were excluded from
analysis. For all statistical tests, 2-sided P values of <.05 were

considered to be statistically significant. Data were analyzed
using Stata, version 11.1 (StataCorp) and the MatchIt package
for the R programming language.

RESULTS

Baseline Characteristics
A total of 232 children with positive blood cultures for P. aer-
uginosa were identified. There were 170 children who met
eligibility criteria (Figure 1). There were no children with
P. aeruginosa bacteremia with piperacillin MICs against P. aer-
uginosa of ≥128 µg/mL who received piperacillin therapy.
One hundred twenty-four (72%) children with P. aeruginosa
bacteremia had isolates with an MIC of ≤16 µg/mL and 46
(28%) had an MIC of 32–64 µg/mL (Table 1). There were no
significant differences in baseline characteristics between the
two groups. Forty-three (25%) children with bacteremia had
P. aeruginosa recovered from other body sites, with the lungs
(8%) and urinary tract (8%) being the most common addi-
tional sites. Thirty-two children received 400 mg/kg/day of pi-
peracillin, and the remainder received 300 mg/kg/day (doses
rounded). Dosages were equally distributed between the two
MIC categories and were appropriately adjusted for all chil-
dren with renal impairment. None of the children were pre-
scribed extended infusion or continuous infusion piperacillin.
Combination therapy was administered to 90 (73%) and 27
(59%) children in the low and elevated MIC categories, respec-
tively. Combination therapy consisted of piperacillin and an
aminoglycoside in all but 1 child who received piperacillin

Figure 1. Study design of Pseudomonas aeruginosa bacteremia in children prescribed piperacillin using revised Clinical and Laboratory Standards
Institute breakpoints of piperacillin for P. aeruginosa between 2001 and 2010. Abbreviation: MIC, minimum inhibitory concentration in µg/mL.
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and ciprofloxacin. Eighty-five (50%) children had a diagnosis
of a malignancy at the time of P. aeruginosa bacteremia.

Percent Susceptibilities
When assessing all 232 positive blood cultures for P. aerugino-
sa bacteremia over the 10-year study period, approximately
97% of isolates were susceptible to piperacillin using previous
CLSI criteria. After implementation of the revised breakpoints,
approximately 28% of isolates were classified as intermediate
and 72% as susceptible to piperacillin (Table 2).

Mortality
Twenty-nine (12.5%) of the 232 children with P. aeruginosa
from 2001 to 2010 died, regardless of the antibiotic therapy
prescribed. There were 22 (13%) children meeting eligibility
criteria who died >48 hours after the initial positive blood
culture was obtained. Thirty-day mortality was 9% and 24% in
children with a piperacillin MIC of ≤16 µg/mL and of 32–64

µg/mL, respectively. The use of piperacillin monotherapy or
piperacillin dosed at 300 mg/kg/day was not associated with
an increased risk of mortality. Children with elevated MICs
had increased unadjusted odds of mortality compared with
children with lower MICs (OR, 3.23; 95% CI, 1.30–8.08).
After adjusting for PRISM score, receipt of combination
therapy, and failure to remove the central line, the odds of
mortality remained increased in those children with higher
MICs (OR, 3.21; 95% CI, 1.26–8.16; Table 3). The effect of
combination therapy on mortality for children with P. aerugi-
nosa bacteremia was no different for children with MICs of
32–64 µg/mL and of ≤16 µg/mL (OR, 2.08; 95% CI, .31–13.99
vs OR: 2.00; 95% CI, .44–9.13). There was <10% difference in
the OR estimates for mortality between the 2 MIC categories
comparing disc diffusion and automated testing methods.

There were 45 children with P. aeruginosa bacteremia who
were excluded from the analysis because they received an anti-

Table 1. Baseline Data of 170 Children Prescribed Piperacillin as Therapy for Pseudomonas aeruginosa Bacteremia Comparing Piper-
acillin Minimum Inhibitory Concentrations of ≤16 µg/mL and 32–64 µg/mL

Characteristics
MIC of ≤16 µg/mL
(n = 124; 72%)

MIC of 32–64 µg/mL
(n = 46; 28%) P Value

Age, median (IQR) 3 (1–10) 5.5 (1–15) .06
Number of preexisting conditions, median (IQR) 1 (1–2) 1 (1–2) .42

Preexisting medical conditions

Neuromuscular 7 (5.6) 5 (10.9) .31
Cardiovascular 7 (5.6) 2 (4.3) .54

Respiratory 8 (6.5) 2 (4.3) .46

Renal 13 (10.5) 6 (13) .41
Gastrointestinal 11 (8.9) 7 (15.2) .18

Hematologic 7 (5.6) 4 (8.7) .34

Malignancy 66 (53.2) 19 (41.3) .23
PRISM scores, median (IQR) 6 (4–14) 8 (4–20) .41

Immunocompromised status 76 (61) 23 (50) .19

Intensive care unit admission during time of bacteremia 39 (31) 17 (37) .50
Mechanical ventilation during time of bacteremia 18 (15) 3 (7) .16

Duration of hospitalization prior to bacteremia, median (IQR) 1 (1–6) 1 (1–14) .11

Absolute neutrophil count of <500 39 (32) 14 (33) .90
β-lactam+ aminoglycoside definitive combination therapy 90 (73) 27 (59) .08

400 mg/kg/day of piperacillin prescribed 26 (21) 6 (14) .37

Other body sites where Pseudomonas spp. were recovereda

Urine 8 (6.5) 6 (13) .21

Sputum 4 (3.2) …

Pleural or BAL fluid 9 (7.3) 5 (10.9) .53
Bone or joint specimens 4 (3.2) 2 (4.3) .66

Abdominal abscess 3 (2.4) …

Soft tissue … 2 (4.3)

Data are no. (%) unless otherwise noted.

Abbreviations: BAL, bronchoalveolar lavage; IQR, interquartile range; MIC, minimum inhibitory concentration; PRISM, pediatric risk of mortality.
a Using criteria for clinically significant isolates (an organism isolated from a sterile body site or a significant quantity of growth from nonsterile sites, such as
urine [if a catheter is in place], wounds, or tracheal aspirates [17].
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biotic other than piperacillin. Thirty children who received an
antibiotic other than piperacillin had MICs of ≤16 µg/mL,
and 10 children had MICs of 32–64 µg/mL. There was 1 death
(10%) in children in the 32–64 µg/mL MIC category who re-
ceived an antibiotic other than piperacillin, which was not sig-
nificantly different from the 11 (24%) deaths in children in the
32–64 µg/mL MIC category who received piperacillin (P = .67).

Incorporating propensity score analysis, all patients with an
elevated MIC and a retained central line were matched to pa-
tients with a low MIC and a retained central line. The relative
odds of mortality for children with intermediate MICs re-
mained elevated and statistically significant, even though these
matched pairs constituted less than half of the original sample
(n = 39; OR, 6.28; 95% CI, 1.47–43.95; P = .03).

Microbiological Failure
There were 30 children who had microbiological failure within
30 days (17.6%), with a median time to relapse of approxi-
mately 18 days. Eighteen (14.9%) of the children with an MIC
of ≤16 μg/mL met criteria for microbiological failure within
30 days compared with 12 (26%) of the children who had a

piperacillin MIC of 32–64 µg/mL μg/mL (Table 4). There was
a trend toward an increased odds of microbiological failure in
children who had elevated MICs, and this was unchanged
after adjusting for receipt of combination therapy, PRISM
score, and failure to remove the central line (OR, 2.28; 95%
CI, .95–5.50). One hundred thirty-three (78%) children in the
cohort had a central line in place during the first day of bac-
teremia, and 56% of these children had a central line removed
≤48 hours from the time of positive blood culture. Children
with P. aeruginosa bacteremia who did not have their central
line removed during the time they were bacteremic had >4
times the odds of microbiological failure compared with chil-
dren who underwent central line removal (OR, 4.09; 95% CI,
1.59–10.50). Fifteen (50%) of the children with microbiologi-
cal failure within 30 days of their initial positive blood culture
had a ≥4-fold increase (or attained an MIC of ≥128 µg/mL)
in piperacillin MIC against P. aeruginosa on the culture recov-
ered at the time of relapse, with no difference observed
between the ≤16 µg/mL and 32–64 µg/mL MIC categories or
the monotherapy and combination therapy groups (data not
shown).

DISCUSSION

The results of our study support the recent CLSI recommen-
dation to lower the breakpoint of piperacillin against
P. aeruginosa to ≤16 µg/mL. Our results indicate that children
with piperacillin MICs of ≥32 µg/mL have >3 times the odds
of death within 30 days of their first positive blood culture
compared with children with more susceptible piperacillin
MICs against P. aeruginosa. Additionally, children with elevat-
ed MICs against P. aeruginosa receiving piperacillin therapy
have a trend toward an increased risk of microbiological
relapse compared to children with lower MICs.

Table 2. Percentage of Pseudomonas aeruginosa Isolates
Susceptible to Piperacillin Prior to and After Implementation of
Clinical and Laboratory Standards Institute 2012 Changes, Using
All First Positive Blood Culture Isolates in Children From 2001 to
2010 at Johns Hopkins Hospital

Prior to Revised
Breakpoints

After Implementation of
Revised Breakpoints

Percent
Change

Susceptible 225 163 ↓ 27.6%
Intermediate …

a 62 …

Resistant 7 7 …

a No intermediate range defined for piperacillin prior to breakpoint revision.

Table 3. Mortality of 170 Children With Pseudomonas aeruginosa Bacteremia Receiving Piperacillin (2001–2010)

Unadjusted Odds
Ratio

95% Confidence
Interval

P
Value

Adjusteda Odds
Ratio

95% Confidence
Interval

P
Value

Age 1.03 .96–1.10 .50
Minimum inhibitory concentration of
32–64 µg/mL

3.23 1.30–8.08 .01 3.21 1.26–8.16 .01

Piperacillin + aminoglycoside 0.76 .30–1.95 .57 0.77 .29–2.09 .62
Pediatric risk of mortality score 1.00 .96–1.04 .99 1.00 .96–1.03 1.03

Failure to remove central line 1.85 .74–4.67 .20 2.00 .76–5.27 .16

Absolute neutrophil count of <500
cells/mL

1.24 .46–3.37 .67

Number of preexisting medical
conditions

0.91 .45–1.86 .80

a Model includes minimum inhibitory concentration of 32–64 µg/mL, piperacillin + aminoglycoside therapy, pediatric risk of mortality score, and failure to remove
central line.
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Our results are in accord with previous PK–PD modeling
studies employing Monte Carlo simulation to predict the
microbiological success of varying piperacillin MICs against
P. aeruginosa [18]. Previous PK–PD studies have suggested
that there is a low probability of attaining the optimal phar-
macodynamic target with MICs of piperacillin against P. aeru-
ginosa that are >32 µg/mL [10, 19, 20]. Additionally, in a
retrospective study of 17 adult patients with P. aeruginosa bac-
teremia treated with piperacillin, 100% microbiological efficacy
was attained when the MIC was <16 µg/mL, but the efficacy
decreased to 33% when the MIC was 32 µg/mL and decreased
to 0% when the MIC was ≥64 µg/mL [21]. Ours is the first
study evaluating clinical outcomes of children with
P. aeruginosa bacteremia as a function of piperacillin MICs.

We cannot conclude from our study whether children with
piperacillin MICs of ≥32 µg/mL would have had improved
outcomes if they had received an alternate antipseudomonal
agent. We performed an analysis comparing children with
P. aeruginosa bacteremia with piperacillin MICs of ≥32 µg/mL
with children who received a nonpiperacillin antipseudomonal
β-lactam. Mortality was 24% in the former group, compared
with 10% in the later group. Although mortality was higher
for children who were prescribed piperacillin, it did not
achieve statistical significance, and our study was not ade-
quately powered to address this question. In a study of 34
adult patients with P. aeruginosa bacteremia and a piperacillin
MIC of ≥32 µg/mL, the 30-day mortality rate was approxi-
mately 86% in the piperacillin group, compared with 22% in
the nonpiperacillin group (P < .01) [22]. Future studies
need to be conducted to determine the optimal β-lactam for
P. aeruginosa isolates with elevated MICs.

The PK–PD modeling of piperacillin has demonstrated that
the nonprotein bound drug concentration needs to exceed the
MIC of P. aeruginosa at least 50% of the time to achieve optimal

bactericidal activity [23]. It has also been shown that the proba-
bility of target attainment for piperacillin regimens dosed 300
mg/kg/day and 400 mg/kg/day for an MIC of 16 µg/mL is ap-
proximately 20% and 50%, respectively. In our cohort, only 20%
of children were prescribed 400 mg/kg/day [24]. Until larger
studies are conducted to evaluate optimal piperacillin dosing for
Pseudomonas bacteremia in children, prescribing 400 mg/kg/day
appears warranted based on existing PK–PD studies.

In the past when CLSI breakpoint changes have been insti-
tuted, there has been hesitation on the part of the medical
community to adopt these changes. This is because CLSI
recommendations are based largely on PK–PD modeling or
theoretical concerns regarding insensitive techniques to identify
organisms harboring β-lactamase resistance genes [1, 25, 26].
Clinical data supporting CLSI recommendations are often limi-
ted [27]. In 2010, the CLSI issued new breakpoints for carba-
penems and several cephalosporins against Enterobacteriaceae
in an effort to better detect the presence of β-lactamase–
producing organisms [28]. However, a study following the
CLSI changes found that nonsusceptibility to carbapenems using
the updated breakpoints poorly predicted the presence of car-
bapenemase production (eg, 3.6% and 18.3% for Escherichia
coli and Enterobacter spp., respectively), making some reluctant
to incorporate the updated susceptibility breakpoints [29].
Our findings support the recent CLSI recommendations re-
garding piperacillin. Based on our institution’s data, if the new
breakpoints are not implemented, almost 28% of children re-
ceiving piperacillin may be receiving suboptimal therapy
against P. aeruginosa, resulting in adverse patient outcomes.

Piperacillin is commonly used as a first-line agent for children
at risk for resistant organisms because of its broad spectrum
of activity. Data from 1997 to 2007 provided by the SENTRY
Program demonstrated that piperacillin was the β-lactam
with the greatest activity against P. aeruginosa [30]. Using

Table 4. Microbiological Failure of 170 Children With Pseudomonas aeruginosa Bacteremia Receiving Piperacillin (2001–2010)

Unadjusted Odds
Ratio

95% Confidence
Interval

P
Value

Adjusteda Odds
Ratio

95% Confidence
Interval

P
Value

Age 1.01 .95–1.07 .75
Minimum inhibitory concentration of
32–64 µg/mL

2.08 .90–4.75 .08 2.28 .95–5.50 .07

Piperacillin + aminoglycoside 1.61 .64–4.02 .31 1.48 .56–3.90 .44
Pediatric risk of mortality score 1.02 .99–1.05 .16 1.03 .99–1.06 .12

Failure to remove central line 4.01 1.61–9.97 <.01 4.09 1.59–10.50 <.01

Absolute neutrophil count of <500
cells/mL

1.07 .45–2.52 .88

Number of preexisting medical
conditions

0.79 .41–1.51 .49

a Model includes minimum inhibitory concentration of 32–64 µg/mL, piperacillin + aminoglycoside therapy, pediatric risk of mortality score, and failure to remove
central line.
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P. aeruginosa breakpoints of ≤64 µg/mL, piperacillin had the
broadest coverage, with an overall susceptibility percentage of
83.6%, followed by meropenem and imipenem at 83% and
79.7%, respectively. With incorporation of the new CLSI recom-
mendations, however, the proportion of P. aeruginosa isolates
susceptible to piperacillin will likely decrease, and institution-
specific antibiograms should be inspected closely to determine if
piperacillin remains an adequate agent for empiric coverage in
children in whom P. aeruginosa infections are of concern.

There are several limitations to our study. First, as this is a
single-institution study, inter-institution differences in antibiotic
prescribing practices, antibiotic susceptibility patterns, and
patient populations may affect the applicability of our results to
other pediatric healthcare facilities. Second, when evaluating the
outcome of mortality, we cannot assume that all mortality
within 30 days was attributable to inadequate antimicrobial
therapy due to elevated piperacillin MICs. It is possible that
children with P. aeruginosa bacteremia had unmeasured attri-
butes that affected their risk of death, such as their underlying
medical conditions. However, using 30-day all-cause mortality
as opposed to attributable mortality allowed for objective assess-
ment of the mortality endpoint. Third, the focus of our study
was definitive therapy against P. aeruginosa with piperacillin.
Although we restricted inclusion to children who received an
antipseudomonal agent within 24 hours of the first positive
blood culture, we cannot make any conclusions regarding the
various choices of antipseudomonal empirical regimens and
how they may have impacted clinical outcomes.

Overall, our data support the assertion by the CLSI that the
long-established breakpoints of piperacillin against P. aerugi-
nosa needed to be reevaluated. Our data suggest that children
with P. aeruginosa bacteremia with piperacillin MICs of ≥32
µg/mL against P. aeruginosa have >3 times the adjusted odds
of death compared with children with lower MICs receiving
piperacillin. Institution-specific clinical algorithms incorporat-
ing piperacillin as empiric therapy for suspected P. aeruginosa
infections may need to be reconsidered if susceptibility pro-
portions for piperacillin are unacceptably low using the
revised breakpoints. When piperacillin MICs against P. aerugi-
nosa are ≥32 µg/mL, alternate therapeutic choices or strategies
of infusion should be considered.
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