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Abstract

Objective: To define the serum pharmacokinetics of a fixed-
dose of piperacillin/tazobactam at 24, 48, and 72 hours of
therapy when administered as a continuous infusion in crit-
ically ill trauma patients.

Design: Prospective, open-label pharmacokinetic analysis.

Setting: A Shock/Trauma Intensive Care Unit in a univer-
sity hospital.

Patients: Ten adult patients with a documented Pseudo-
monas aeruginosa or Acinetobacter baumanii infection with

Conclusions: Although we found a wide variability in serum
piperacillin/tazobactam concentrations, the administration
of a 16/2 g per day dose as a continuous infusion achieves
optimal pharmacokinetic parameters for commonly isolat-
ed microorganisms in critically ill trauma patients. In the
presence of elevated MICs (> 16 pyg/mL) more aggressive
dosing of piperacillin/tazobactam or use of an alternative
antimicrobial may be warranted in this patient population.
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a cefepime minimum inhibitory concentration (MIC) greater

than or equal to 4 pg/mL. .
Introduction
Interventions: All subjects received a 4/0.5 g bolus dose

of piperacillin/tazobactam over 30 minutes followed by a
16/2 g per day continuous infusion. Serum piperacillin/ta-
zobactam concentrations were analyzed at 30 minutes af-
ter the bolus dose (C__ ) and at steady-state (C_) during
the continuous infusion (24, 48, and 72 hours). Piperacillin/
tazobactam serum concentrations were determined using
high-performance liquid chromatography.

Optimizing the administration technique of 8-lactam
antibiotics has taken on a new horizon. For several de-
cades, the standard practice has been by intermittent
infusions. Although acceptable for most medications,
intermittent infusions of B-lactam antibiotics can be
debated. Recent pharmacokinetic studies demonstrate
that intermittent administration of 8-lactam antibiotics
achieve insufficient drug concentrations in critically ill
patients to provide maximal killing [1,2]. This practice
occurs in intensive care units by clinicians extrapolating
dosing recommendations from pharmacokinetic data in
normal healthy adults and applying these data to criti-
cally ill patients. It is known that critically ill patients pos-
sess unpredictable pharmacokinetic parameters. The
various characteristic changes seen in these patients
are abnormal fluid status, hypermetabolic states and
altered drug clearances [3]. These changes provide the
clinician with a difficult pharmacokinetic environment.

Measurements and main results: The median piperacil-
lin and tazobactam C__ observed during the continuous in-
fusion were 34.22 pug/mL (interquartile range [IQR], 28.91
- 48.21) and 5.49 pg/mL (IQR, 4.29 - 7.05), respectively.
The median piperacillin and tazobactam C__ after the initial
loading dose were respectively, 72.28 pg/mL (IQR, 59.46 -
84.00) and 7.83 pg/mL (IQR, 6.94 - 9.09). A total of 96.4%
(27/28) of the serum piperacillin C_ measured were above
the minimum inhibitory concentration (MIC) of the pathogen
isolated, with 85% (24/28) being at least 2 times the MIC.
For isolates with a MIC = 32 pg/mL, only 53.6% (15/28) of
the serum piperacillin C_ were above the MIC.
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While the pharmacokinetic profile determines the tobacter baumanii infection. The pharmacokinetics of
dosing interval and concentration in the serum or tis- piperacillin/tazobactam as a continuous infusion in criti-
sue, the clinical efficacy of these agents rely on the phar-  cally ill patients has not currently been studied.
macodynamic component. Pharmacodynamics involves
the relationship between drug concentration and anti-
microbial effect [4]. Time-dependent antibiotics, such
as B-lactams, are bactericidal when their concentrations
remain above the minimum inhibitory concentration
(MIC) of the bacteria. Optimal killing with 8-lactam an-
tibiotics occurs when the serum concentration reaches
four times the MIC of the pathogen [5] in combination
with maintaining the trough concentration above the
MIC,, for at least 50% of the dosing interval [6,7].

The primary purpose of this study was to define the
serum pharmacokinetics of a continuous infusion of pip-
eracillin/tazobactam in critically ill trauma patients at
24, 48 and 72 hours during the infusion. Secondary ob-
jectives were to report the maximum serum concentra-
tion of piperacillin and tazobactam after a single loading
dose and to determine the pharmacodynamic parame-
ters for the continuous infusion against Pseudomonas
aeruginosa and Acinetobacter baumanii isolated.

Combining pharmacokinetic and pharmacodynam- Materials and Methods
ic parameters of 6-lactam antibiotics can be very chal-  Study design and patient criteria
lenging in the critically ill patient. An option to increase
the dose results in increase cost of therapy and possibly
exposing the patient to adverse drug reactions while
shortening the dosing interval also has implications on
resource utilization and cost.

The study protocol and informed consent procedure
was approved by the Committee for the Protection of
Human Subjects at Memorial Hermann Texas Medical
Center prior to initiation. Informed consent from the

patient or legal representative was obtained prior to
A perfect medium for 6-lactam antibiotics would be  enroliment in the study.

to find a dose that achieves adequate serum and tis-
sue concentrations and maintains that concentration
throughout the dosing interval. Using this method of
drug administration would theoretically improve the ef-
ficacy of B-lactam antibiotics and reduce the potential
for the development of bacterial resistance. Although
undesirable, bacterial resistance to 8-lactam antibiotics
is becoming more frequent and is exacerbated by pro-
viding insufficient concentrations at the site of the in-
fection. An option for maximizing the pharmacokinetic
and pharmacodynamic profile of 8-lactam antibiotics is
to administer as a continuous infusion. Studies report
continuous infusions of 8-lactam antibiotics can achieve
ideal pharmacokinetic and pharmacodynamic parame-
tersin subjects with Gram negative infections at a small-
er daily dose than intermittent administration [8].

The study design was a prospective, open-label phar-
macokinetic analysis. Initially the goal was to enroll 20
patients into the analysis but due to a nationwide short-
age of piperacillin/tazobactam during enrollment, the
study group size was reduced to 10. Inclusion criteria
was 1) Patients admitted to the Shock/Trauma Intensive
Care Unit, 2) Age greater than 18-years-old, 3) Creati-
nine clearance greater than 40 mL/min (estimated by
using the method described by Cockcroft and Gault
[12]), 4) Documented Pseudomonas aeruginosa or
Acinetobacter baumanii infection with a cefepime MIC
greater than or equal to 4 pg/mL, 5) And the decision of
the critical care intensivist to start piperacillin/tazobact-
am as a continuous infusion. We choose a cefepime MIC
of greater than or equal to 4 ug/mL because of the dif-
ficulty in achieving adequate pharmacodynamic param-

Piperacillin/tazobactam is a broad spectrum, 6-lac-  eters with cefepime by intermittent infusion at this MIC
tam antibiotic used for the treatment of a wide variety  in this patient population. Therefore, it is the standard
of infections caused by nosocomial pathogens. Pipera-  of practice in the Shock/Trauma Intensive Care Unit to
cillin/tazobactam is commonly administered via inter- begin a continuous infusion of piperacillin/tazobact-
mittent dosing with the pharmacokinetics and pharma-  3m in patients infected with Pseudomonas aeruginosa
codynamics being well established in normal healthy o Acinetobacter baumanii that have a cefepime MIC
volunteers [9-11]. A recent study revealed inadequate greater than or equal to 4 pg/mL. Patients were exclud-
pharmacokinetics and pharmacodynamics of piperacil- g4 if they were greater than 130% of their admission

lin/tazobactam against Pseudomonas aeruginosa by in-  \yeicht or received piperacillin/tazobactam within 12
termittent infusion [11]. In light of the fact that critical-  54rs prior to enrollment.

ly ill patients display altered pharmacokinetics and are
susceptible to life-threatening pathogens, it would be  Study procedures
reasonable to alter the administration process of pip-

- Patients enrolled into the study received a single
eracillin/tazobactam.

loading dose of 4 g/0.5 g piperacillin/tazobactam in-

In order to maximize the serum pharmacokineticand  fused over 30 minutes. The drug was reconstituted
pharmacodynamic effects of piperacillin/tazobactam, per manufacturer instructions and diluted in 100 mL of
we evaluated a fixed dose of piperacillin/tazobactam  0.9% sodium chloride, USP. A blood sample (10 mL) for
as a continuous infusion in critically ill trauma patients ~ piperacillin/tazobactam concentration was collected
with a documented Pseudomonas aeruginosa or Acine- 30 minutes after the end of the infusion of the load-
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ing dose. This blood sample represented the maximum
serum concentration for piperacillin and tazobactam
(C_. ). After administration of the loading dose and col-
lection of the serum sample, 16 g/2 g piperacillin/tazo-
bactam was administered over 24 hours as a continuous
infusion each day for the duration of therapy. The con-
tinuous infusion was prepared in 250 ml of 0.9% sodium
chloride, USP. This dose was selected because it was the
same total daily dose as given by the standard regimen
of 4.5 g every six hours which was given to patients in
the Shock/Trauma Intensive Care Unit with document-
ed Pseudomonas aeruginosa or Acinetobacter baumanii
infections with a cefepime MIC > 4 pg/mL. The infusion
was administered at a rate of 10.4 mL/hour and was re-
placed every 24 hours when the daily dose was com-
pleted. Blood samples (10 mL) were collected at 24, 48,
and 72 hours after initiation of the continuous infusion.
These samples reflected steady-state concentrations
(C.) of piperacillin and tazobactam. Blood samples
were centrifuged, serum separated and stored at -70°
C. Upon completion of the study, the serum samples
were analyzed at an outlying laboratory for piperacillin
and tazobactam concentrations via high-performance
liguid chromatography (HPLC). A brief description of
this method can be found in a previous citation [13].
An exact MIC of the organisms isolated was determined
by E-test (AB Biodisk, Solna, Sweden) at Memorial Her-
mann Texas Medical Center microbiology department.

Pharmacokinetic and pharmacodynamic analysis

Demographic data collected for each individual pa-
tient enrolled was as follows: gender, age, temperature,
drug allergies, admission weight, APACHE Il score, se-
rum creatinine, white blood cell count, percent bands,
site of infection, organism isolated, exact MIC of organ-
ism, and concurrent antibiotics.

Pharmacokinetic parameters for continuous infusion
piperacillin and tazobactam were calculated for each
individual patient. Total body clearance (TBC) of pipera-

cillin and tazobactam was calculated using the following
equation,

TBC = Ro/C,,

where Ro is the infusion rate, and C, is the steady-
state serum concentration measured. Area under the
curve (AUC) was calculated using the trapezoidal meth-
od.

The following pharmacodynamic parameters were
determined using the serum concentrations of pipera-
cillin and tazobactam collected in the study: C__:MIC
ratio at 24, 48 and 72 hours, area under the inhibitory
curve (AUIC), and the percentage of serum concentra-
tions above the MIC for both piperacillin and tazobac-
tam.

Results
Demographics

Ten patients (eight males, two females) received the
piperacillin/tazobactam continuous infusion for at least
72 hours with 40 blood samples collected for analysis.
Two of the blood samples were excluded due to the
concentrations being extremely elevated (2 piperacillin
samples > 1000 pug/mL and 2 tazobactam samples > 350
pg/mL). The excluded samples were taken from patient
#1 and patient #5 and were both drawn at the 72" hour
of the continuous infusion (See Table 1). Therefore, a
total of 38 blood samples (10 following the loading dose
and 28 during the infusion) were included in the analy-
sis.

The demographic data for the 10 patients is given in
Table 1. The estimated creatinine clearance for all pa-
tients ranged from 83 to 129 mL/min at the start of the
infusion, with the lowest and highest being 49 mL/min
and 148 mL/min, respectively, during the infusion. One
patient (#2) had the infusion discontinued because of
the requirement of continuous veno-venous hemodi-
alysis. Although the infusion was discontinued, the pa-

Table 1: Patient demographic data.

. Infection Age Weight Height APACHE Fluid
Patient  HD, ¢ Site Gender (ygears) (kg)g (inc%es) n, > APACHE I, © Balance
1 10 Lungs Male 23 77 66 21 10 2,616
2 5 Lungs Male 46 68 70 22 19 19,243
3 11 Lungs Male 59 68 68 25 55,853
4 10 Lungs Male 41 91 70 15 11 5,285
5 8 Lungs Male 30 77 67 24 17 25,168
6 8 Lungs Male 29 78 70 24 8 -135
7 7 Cath Tip Female 19 27 70 17 11 15,371
8 7 Lungs Male 19 63 68 24 15 2,274
9 7 Lungs Female 32 78 67 21 16 18,420
10 9 Lungs Male 19 80 70 21 17 18,011
Mean 8 - 31.7 76.7 68.6 21.4 13.8 16,211
SD 2 - 13.4 8.6 1.6 3.2 3.8 16,450

@Hospital day at the start of infusion, PAPACHE |l score at ICU admission, YAPACHE Il score at the start of infusion, ?Fluid balance
at the start of the infusion reported in milliliters, number is reported as a positive unless otherwise noted with -. SD = Standard

Deviation.
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Table 2: Summary of piperacillin pharmacokinetics.

pationt# (53 (i S Con M9/ (e Uee (o (itersl AUCozan AUCiii AUC,y AUC,,,
mL) mL) (mg/mL) mL) dL) hour) hour)  hour) (mg/L’hr) (mg/L’hr) (mg/L’hr) (mg/Lhr)
1 79.22 1154 23.76 --—-- 0.8 55.77 28.06 |---- 138.49 42361 - 562.10°
2 85.60 216.28 167.81 138.88 1.0 3.08 3.97 4.80 2,595.37 4,609.07 3,680.23 10,884.67
3 88.81 62.04 50.11 46.02 0.9 10.75 13.30 (1449 74450 1,345.79 1,153.46 3,243.76
4 71.34 27.81 23.74 2823 1.2 23.97 28.08 23.61 333.72 618.64 623.72 1,576.08
5 65.72 48.29 3431 - 1.1 13.81 1943 |- 579.48 991.16 - 1,570.64°
6 87.41 2129 30.27 29.13 1.1 31.32 2203 22.89 25548 |618.64 712.75 1,586.83
7 48.50 30.73 29.83 30.62 0.7 21.70 2235 21.78 368.71 726.65 725.33 1,820.69
8 55.97 16.55 34.13 30.98 1.1 40.29 19.53 2152 198.56 608.17 781.33 1,588.07
9 57.38 4218 40.48 46.47 0.6 15.81 16.47 1435 506.16 991.92 1,043.40 2,541.48
10 73.23 48.18 4549 5229 0.9 13.84 1466 1275 57816 1,124.04 1,173.36 2,875.56
Mean 71.32 5249 4799 50.33 23.23 18.79 17.02 629.86 1,205.77 1,236.70 2,824.99
SD 14.21 59.71 4298 36.99 16.15 7.21 6.57 716.51 1,228.75 1,009.83 2,935.27
Mean®  --—-- 3429 34.68 37.68 -—-- 25.47 2043 |18.77 411.47 |827.62 887.62 1,929.47
SD’ -—-- 16.87 9.16 10.14 -—- 15.39 5.30 4.68 202.47 299.80 228.93 819.00

aDesignates values without data from patient #2. "Denotes AUC . .

60 30

- 20
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- 10
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N
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Tazobactam Concentration
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Time
Figure 1: Median steady-state serum piperacillin (m) and tazobactam (A ) concentrations in critically ill trauma patients receiv-
ing 16 g/2 g piperacillin/tazobactam as a continuous infusion.

tient received at least 72 hours of the infusion and the  moving this patient’s C_ from the analysis, the adjust-
data was included in the analysis. An APACHE Il score ed overall mean C_ for piperacillin declines to 34.96 +
was not reported for patient #3 due to lack of laborato-  12.36 pg/mL. The C_ for piperacillin remained constant
ry data to complete the score at the time of infusion. Six  throughout the infusion period as illustrated in Figure 1.
patients received combination therapy with aminogly-

. . . . . The overall mean systemic clearance for piperacillin
cosides during the continuous infusion.

was 19.87 + 11.07 liters/hour. We did observe a patient
Pharmacokinetic analysis with a significantly lower than normal piperacillin clear-
ance in which the mean clearance rises to 21.78 £ 10.11
liters/hour when eliminating this patient’s data. AUC
data for piperacillin is shown in Table 2.

Table 2 displays the serum concentrations and phar-
macokinetic data for piperacillin. The peak serum pip-
eracillin concentration (C__ ) extracted after a single
loading dose did not have a considerable fluctuation. The measured serum concentrations and pharma-
Overall mean C_ for piperacillin observed was 50.26 +  cokinetic data for tazobactam are reported in Table
46.50 pg/mL during the continuous infusion. A sizeable 3. As seen with the piperacillin data, tazobactam also
standard deviation is noted in this value due to uncom-  displayed little deviation from the average maximum
monly elevated piperacillin concentrations observed serum concentration. The overall C_ for tazobactam
from 1 patient (#2) included in the analysis. After re- during the continuous infusion was 6.76 + 5.05 pg/mL.
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Table 3: Summary of tazobactam pharmacokinetics.

Patient # ﬁjmg)/( c24hr CAShr c72hr scr ;I;ﬁecrzs‘“/" .(I;sec;sslir ;I;ﬁec"g?r AUCO-?Ahr AUC24*-48hr AUCAS;72hr AUCO-ZZhr
mL) (ng/mL) | (pg/mL) (ug/mL) (mg/dL) Hr) Hr) Hr) (mg/L’hr) (mg/L’hr) (mg/L’hr) (mg/L"hr)
1 9.18 4.43 7.93 - 0.8 18.81 1 10.51 53.16 148.32 |- 201.48°
2 6.68 2442 18.91 16.96 1.0 3.41 4.41 4.91 293.04 519.96 430.44 967.36
3 8.83 7.48 6.79 7.18 0.9 11.14  12.27 11.61 89.76 171.24 167.64 484.64
4 7.88 3.57 3.05 3.84 1.2 23.34 2732 21.70 42.84 79.44 82.68 204.96
5 6.19 6.03 4.02 - 1.1 13.82 2073 - 72.36 120.60 |- 192.96°
6 9.93 3.03 4.47 3.52 1.1 27.50 18.64 23.67 36.36 90.00 95.88 222.24
7 579 438 4.41 4.90 0.7 19.03 18.90 17.01 52.56 10548 111.72 269.76
8 7.71 216 5.31 4.55 1.1 38.58 15.69 18.32 25.92 89.64 118.32  233.88
9 7.77 5.73 5.66 7.00 0.6 1454 14.72 11.90 68.76 136.68 151.92 357.36
10 11.69 7.26 5.79 6.54 0.9 11.48 14.39 12.74 87.12 156.60 147.96 391.68
Mean 8.17 16.85 6.63 6.81 - 18.17 15.76 15.23 82.19 161.80 163.32 347.03
SD 1.80 6.42 4.54 4.34 - 9.86 6.22 6.13 76.99 129.62 111.79 234.05
Mean®  ---- 4.90 5.27 5.36 - 19.81 17.02 16.71 58.76 122.00 125.16 278.11
SD’ - 1.85 1.49 1.53 - 8.90 5.06 4.85 22.23 36.95 31.44 90.46

Designates values without data from patient #2. "Denotes AUC . .

Table 4: Pathogens and minimum inhibitory concentration data. Table 5: Percentage of steady-state serum piperacillin concen-

Piperacillin MIC (ug/ Tazobactam MIC trations above the minimum inhibitory concentration for various
Pathogen mL) (n) (ug/mL) (n) minimum inhibitory concentrations at certain concentrations

2 (1) above the minimum inhibitory concentration.
Acinetobacter 4(1) 4(7) C_/MIC MIC pg/mL
baumanii 2 4 8 16 32 64

16 (5)
Pseudomonas 4(2) 2x MIC [100% (100% |96% 82% 29% 11%
aeruginosa 64 (1) 40 3xMIC 100% 100% 93% 46% 11% 7%

4x MIC 100% 96% 79% 14% 11% 0%

This value declined to 5.16 = 1.58 ug/mL when the C, 5xMIC 100% 93%  46% 1% % 0%

from a single patient (#2) were eliminated from the . .

data set. On average, the tazobactam concentrations DPiscussion

remained constant throughout the 72-hour infusion as Our study is the first pharmacokinetic and pharma-
seen in Figure 1. Overall systemic tazobactam clearance codynamic evaluation of piperacillin/tazobactam ad-
was 16.47 + 8.1 liters/hour which increased to 17.94 £ inistered as a fixed-dose continuous infusion in crit-
6.55 liters/hour without the data from patient #2. ically ill trauma patients. Since 1997, there have been

Pharmacodynamic analysis 10 published citations exploring the pharmacokinetic
[14-19], pharmacodynamic [20,21], and/or pharma-
coeconomic [22,23] effects of piperacillin/tazobactam
via continuous infusion. Authors of these studies have
incorporated population pharmacokinetics of piperacil-
lin/tazobactam using data from normal healthy volun-
teers published in the literature and microbiology sim-
ulations to predict steady-state serum concentrations
and pharmacodynamic parameters. The application of
these data to critically ill patients, especially patients in
The mean CSS/MIC ratio for piperacillin was 5.6 £4.3.  the trauma unit, can be misleading.

Of the 28 C_ for piperacillin observed, 11 were greater
than 5 times the MIC of the pathogen isolated, which
represented the most common group. A majority of the
C, for piperacillin [14] were greater than 2 times the
MIC with 13 concentrations occurring between 2 and
5 times the MIC. The percentage of C_ for piperacillin
above various MICs is shown in Table 5. The average
AUIC for piperacillin was 112 + 94,

Table 4 shows the pathogens isolated along with the
piperacillin and tazobactam MIC data. The percentage of
C,, for piperacillin that were above the MIC of the patho-
gen isolated was 96.4% (27/28). One piperacillin steady-
state concentration observed during the infusion was be-
low the MIC of the pathogen isolated. In this case, the C_
of piperacillin measured was 11.54 pug/mL at 24 hours with
the corresponding MIC of the pathogen being 16 pug/mL.

In our current study, we utilized serum concentra-
tions obtained from critically ill trauma patients at
steady-state and applied these drug concentrations to
determine the pharmacokinetic characteristics in this
patient population. The results from our analysis dis-
played distinct differences from what is currently pub-
lished in the literature profiling piperacillin/tazobactam
as a continuous infusion. The mean steady-state serum

Of note, 5 steady-state tazobactam serum concen-  concentration of piperacillin observed in our study was
trations were below the MIC of the pathogens isolated.  50.26 + 46.5 pg/mL. This mean steady-state serum con-
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centration declined to 34.96 + 12.36 ug/mL after ex- reported in the literature. Healthy subjects have been
cluding the data extracted from patient #2. We believe reported to have a mean piperacillin clearance of 13.9
the latter serum concentration is more accurate due to  L/hr [16]. Other studies observed an actual or estimated
the uncommon elevation of the serum piperacillin con-  clearance of 15.96, 8.9, 24.4, and 10.62 L/hr when pip-
centrations observed from patient #2 and the potential  eracillin was administered as a continuous infusion [15-
skewing of the data (wide standard deviations). 17,20]. The altered piperacillin clearance in our study is
significant data in regard to the dosing of piperacillin in

Serum piperacillin/tazobactam concentrations during > . i
this patient population.

a continuous infusion were first reported by Hitt and col-
leagues [14]. The investigators discovered that adminis- In addition, with most of the studies evaluating pip-
tering a daily infusion of 8 g/1 g of piperacillin/tazobactam  eracillin/tazobactam as a continuous infusion focusing
to healthy adult volunteers, achieved an average steady- on the pharmacokinetics of piperacillin, there is very
state serum concentration of 14.58 + 5.19 and 2.35 + little pharmacokinetic data available on tazobactam ad-
0.96 pg/mL for piperacillin and tazobactam, respective- ministered continuously. This is the first pharmacokinet-
ly. Recently, Chonghua, et al. [15] evaluated a daily con- ic analysis of tazobactam administered as a continuous
tinuous infusion of piperacillin/tazobactam (12 g/1.5 g) infusion in critically ill trauma patients. We did observe
in patients with complicated intra-abdominal infections  consistent serum steady-state tazobactam concentra-
and reported a steady-state concentration for piperacil- tions throughout the analysis. The mean overall steady-
lin of 35.31 + 12.15 pg/mL. Using the same dose as in the  state tazobactam concentration was 5.16 pg/mL (ex-
previous study, Burgess and Waldrep [16] reported very cluding data from patient #2). As with piperacillin, we
similar steady-state piperacillin concentrations in eleven  found similar mean steady-state tazobactam concentra-
healthy subjects. Surprisingly, Buck, et al. [17] reported tions from what is described in the literature, with our
an average piperacillin concentration at steady-state of 39  study using a higher daily dose (2 grams per day). In one
ug/mL, administering 8 g of piperacillin continuously per  study, Buck, et al. [17] reported a mean serum steady-
day in hospitalized patients. There is one study available state concentration of tazobactam of 6.3 pg/mL infusing
in which piperacillin serum concentrations were analyzed 1 gram continuously per day. Another investigator used
using a daily 16 g continuous infusion in eight patientswith 1.5 grams of tazobactam infused continuously per day
cystic fibrosis. Although the purpose of the study was to  resulting in a mean steady-state tazobactam concentra-
describe the nonlinear behavior of piperacillin using popu-  tion of 7.29 pug/mL [15]. The results from another study
lation pharmacokinetics, Vinks, et al. [18] observed amean  revealed a serum steady-state tazobactam concentra-
piperacillin concentration of 32.8 + 14.4 mg/liter. Facca, tion of 2.3 pg/mL utilizing a 1.5-gram dose of tazobact-
et al. [19] also reported a steady-state serum piperacillin  am [16].

concentration of 53.4 + 27.7 mg/liter using an unidentified
dose. Although we observed very similar mean piperacil-
lin steady-state concentrations, it should be noted that
we administered 16 g of piperacillin continuously per day
which is a 33-50% higher dose than the studies.

As seen with piperacillin, we found that the patients
included in our study displayed a significantly faster ta-
zobactam clearance than what is estimated and report-
ed in the literature. The tazobactam clearance calculat-
ed in our study was 16.47 L/hr. In two studies evaluating

The difference in piperacillin concentrations observed tazobactam pharmacokinetics administered as a contin-
from our study can possibly be explained by the type of uous infusion in hospitalized patients, the investigators
patients enrolled. It is known that patients in the intensive  reported a tazobactam clearance of 10.7 and 7.4 L/hr
care unit display extremely different pharmacokinetics [15,17].
than healthy subjects due to fluid shifts and altered drug
clearances. Critically ill trauma patients, in particular, have
the tendency to receive massive volumes of fluid for re-
suscitation and are commonly a young patient population.
This is displayed in our data in which the average fluid bal-
ance at the time of the infusion was greater than 16 liters
positive with an average patient age of 32 years. These two
parameters play a major role when determining an appro-
priate dosing regimen for patients in this environment.

The significance of altered piperacillin/tazobactam
clearance provides clinicians with the need to dose
B-lactams more aggressively in this trauma patient pop-
ulation. For B-lactams, the pharmacodynamic param-
eter that correlates well with good outcomes is time
above MIC (t > MIC). One way to maximize this param-
eter is to administer these agents as a continuous infu-
sion. The results of our study indicate that piperacillin/
tazobactam concentrations are maintained constant

Since we obtained drug concentrations only at throughout 72 hours.
steady-state, we were unable to determine the vol- Despite the increased piperacillin clearance and po-
ume of distribution for piperacillin/tazobactam. We  {antial volume issues, 96% of the piperacillin concen-
were able to define drug clearance for both piperacillin  t2tions were above the MIC. Current data supports
and tazobactam. We found a mean drug clearance for  ,ayimal killing effect occurring when the serum con-
piperacillin of 21.78 L/hr (excluding the data obtained  .antration for B-lactams is 2-4 times the MIC in con-
from patient #2). This clearance is faster than what is junction with this concentration remaining above the
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MIC for at least 50% of the dosing interval. We found (2000) Intermittent and continuous ceftazidime infusion for
that 85% of the piperacillin steady-state concentrations critically ill trauma patients. Am J Surg 179: 436-440.
were at least 2 x MIC of the pathogens isolated. Thetwo 4. Craig WA (1995) Interrelationship between pharmacoki-
organisms isolated in our study are commonly seen in netics and pharmacodynamics in determining dosage reg-
critically ill patients. Also, both organisms were resis- imens for broad-spectrum cephalosporins. Diagn Microbiol
. ’ T . Infect Dis 22: 89-96.

tant to cefepime and a majority of the isolates had a 5. Craig WA, Ebert SC (1862) Cont infusion of B

. T S . . . Craig , Ebert ontinuous infusion of B-lactam
piperacillin MIC of > 16 (6/10). When using population antibiotics. Antimicrob Agents Chemother 36: 2577-2583.
pharmacokinetics of piperacillin/tazobactam, it would
be expected that a dose of 16 g administered continu- 6. Nicolau DP, Quintiliani R, Nightingale CH (1995) Antibiotic

. . . kineti ics for the clinician. M lin North A
ously per day would yield 100% of the serum piperacillin 73.62;:;_2;2 dynamics for the clinician. Med Clin North Am

concentrations at least 2 x MIC for a MIC of 16. In light . .
. 7. Leggett JE, Ebert S, Fantin B, Craig WA (1990) Compar-
of these results, we can assume that extrapolating data i . A
ative dose-effect relations at several dosing intervals for

from non-critically ill patients is not adequate to accom- beta-lactam, aminoglycoside and quinolone antibiotics
plish this. against gram-negative bacilli in murine thigh-infection and
pneumonitis models. Scand J Infect Dis Suppl 74: 179-184.

ly as a continuous infusion of piperacillin/tazobactam to 8- Nicolau DP, McNabb J, Lacy MK, Lacy, Jing Li, etal. (1999)
Pharmacokinetics and pharmacodynamics of continuous

c‘rltlcally ill trauma pa‘uent§ achieve se‘rum cqncentra— and intermittent ceftazidime during the treatment of noso-
tions comparable to what is reported in the literature comial pneumonia. Clinical Drug Investigation 18: 133-139.

for non-trauma patients but at a higher dose. These o g 01 F Kinzig M (1994) Pharmacokinetic characteristics
findings provide clinicians with data showing increased of piperacillin/tazobatam. Intensive Care Med 20: 12-20.

§ystem|c plpel"aC|II|n/tazobac’Farn cIe.arance |'n Crmf:?”y 10. Occhipinti DJ, Pendland SL, Schoonover LL, Rypins EB,
ill trauma patients. The administration of piperacillin/ Danziger LH, et al. (1997) Pharmacokinetics and pharma-

The results of this study show administering 18 g dai-

tazobactam as a continuous infusion in critically ill pa- codynamics of two multiple-dose piperacillin-tazobactam
tients, in general, may provide adequate serum con- regimens. Antimicrob Agents Chemother 41: 2511-2517.

centrations especially in organisms with higher MICs. 11, Klepser ME, Marangos MN, Zhu Z, Nicolau DP, Quintiliani
It is recommended that more aggressive piperacillin/ R, et al. (1997) Comparison of the bactericidal activities of
tazobactam dosing be accomplished in the intensive piperacillin-tazobactam, ticarcillin-clavulanate, and ampicil-

lin-sulbactam against clinical isolates of Bacteroides fragilis,
Enterococcus faecalis, Escherichia coli, and Pseudomonas
aeruginosa. Antimicrob Agents Chemother 41: 435-439.

12. Cockcroft DW, Gault MH (1976) Prediction of creatinine
clearance from serum creatinine. Nephron 16: 31-41.

care setting to maximize the effects of the drug. More-
over, the need for more studies evaluating the effects
of piperacillin/tazobactam as a continuous infusion is
warranted in the critically ill patient.

Conclusions 13.Kim MK, Capitano B, Mattoes HM, Xuan D, Quintiliani R,
L . - . et al. (2002) Pharmacokinetic and pharmacodynamic eval-
The pharmacokinetics of piperacillin/tazobactam is uation of two dosing regimens for piperacillin-tazobactam.
altered when administered to critically ill trauma pa- Pharmacotherapy 22: 569-577.
tients asacgnhpuousmfusmn. Dgsplte t.h.ealteratlonsm 14. Hitt CM, Patel KB, Nicolau DP, Zhu Z, Nightingale CH
pharmacokinetic parameters, piperacillin/tazobactam (1997) Influence of piperacillin-tazobactam on pharmaco-
displayed appropriate pharmacodynamic parameters in kinetics of gentamicin given once daily. Am J Health Syst
the pathogens isolated in the study using a daily 18 g Pharm 54: 2704-2708.
dose. However, a dose greater than 18 g administered  15. Li C, Kuti JL, Nightingale CH, Mansfield DL, Dana A, et al.
continuously may be needed in critically ill trauma pa- (2005) Population pharmacokinetics and pharmacodynam-
tients when the MIC of pathogen is > 16 pg/mL. Further ics of piperacillin/tazobactam in patients with complicated in-

. - . . . tra-abdominal infection. J Antimicrob Chemother 56: 388-395.
studies utilizing piperacillin/tazobactam as a continuous

infusion are needed to evaluate the clinical efficacy of  16.Burgess DS, Waldrep T (2002) Pharmacokinetics and

this method of administration in critically ill patients. pharmacodynamics of piperacillinftazobactam when ad-
ministered by continuous infusion and intermittent dosing.

17.Buck C, Bertram N, Ackermann T, Sauerbruch T, Deren-
dorf H, et al. (2005) Pharmacokinetics of piperacillin/tazo-
bactam : intermittent dosing versus continuous infusion. Int
J Antimicrob Agents 25: 62-67.

18.Vinks AA, Den Hollander JG, Overbeek SE, Jelliffe RW,
Mouton JW (2003) Population pharmacokinetic analysis
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