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       ABSTRACT
 Piperacillin extends the spectrum of activity of ampicillin to include most strains of Pseudomonas 
aeruginosa, Enterobacteriaceae (non-β-lactamase-producing), many Bacteroides species, and Escherichia 
faecalis. Combined with the β-lactamase inhibitor tazobactam, piperacillin/tazobactam has the broadest 
antibacterial spectrum of penicillins including activity against methicillin-susceptible Streptococcus 
aureus, Haemophilus influenzae, Bacillus fragilis, most Escherichia coli, and Klebsiella. Piperacillin 
is only available for parenteral administration. Piperacillin is an important agent for treatment of 
patients with serious infections caused by gram-negative bacteria including bacteraemias, pneumonias, 
infections following burns, and urinary-tract infections owing to microorganisms resistant to ampicillin 
and the bacteria responsible include Pseudomonas aeruginosa, indole-positive strains of Proteus, 
and Enterobacter species. The efficacy and safely of piperacillin/tazobactam have been reviewed and 
piperacillin and tazobactam concentrate in tissues in significant amounts. The elimination half-life of 
piperacillin and tazobactam is about 1 and 1.8 hours, respectively. The prophylaxis, treatment, and trials 
with piperacillin/tazobactam have been reviewed. Piperacillin/tazobactam may induce nephrotoxicity 
or neutropenia in some patients. The penetration of piperacillin into the central nervous system is good 
but tazobactam reaches concentrations in the cerebrospinal fluid inadequate to protect piperacillin by 
organisms producing β-lactamases and piperacillin/tazobactam treats bacterial meningitis. Piperacillin 
and tazobactam freely cross the human placenta. The aim of this study is to review piperacillin/
tazobactam efficacy and safely, prophylaxis, treatment, trials, treatment of meningitis, and piperacillin 
and tazobactam pharmacokinetics, penetration into the body-tissues and into the cerebrospinal fluid, 
transfer across the human placenta, and metabolism of piperacillin. 

with serious infections caused by gram-negative bacteria 
including infections often acquired in the hospital. Therefore, 
piperacillin finds its greatest use in treating bacteraemias, 
pneumonias, infections following burns, and urinary-tract 
infections owing to microorganisms resistant to ampicillin; the 
bacteria responsible include Pseudomonas aeruginosa, indole-
positive strains of Proteus, and Enterobacter species. Because 
Pseudomonas infections are common in neutropenic patients, 
therapy for severe bacterial infections in such individuals 
should include a β-lactam antibiotic such as piperacillin with 
good activity against these organisms. Because of piperacillin/
tazobactam has good activity against Escherichia faecalis and 
Bacillus fragilis this drug also has utility in mixed intraabdominal 
infections [1].
Literature Search
 The literature search was performed electronically using 
PubMed database as search engine and the following key 
words were used: “piperacillin efficacy and safely”, “piperacillin 
metabolism”, “piperacillin tissue concentration”, “piperacillin 
pharmacokinetics”, “piperacillin prophylaxis”, “piperacillin 
treatment”, “piperacillin trial”, “piperacillin toxicity”, 
“piperacillin CSF”, “piperacillin meningitis”, and “piperacillin 
placental transfer”. In addition, the book “The pharmacological 
basis of therapeutics” [1] has been consulted.

Keywords
 Cerebrospinal-fluid, Efficacy-safely, Meningitis, Metabolism, 
Pharmacokinetics, Piperacillin/Tazobactam, Placenta, 
Prophylaxis, Toxicity, Treatment, Trials

Introduction
Pharmacological Properties of Piperacillin
 Piperacillin extends the spectrum of activity of ampicillin 
to include most strains of Pseudomonal aeruginosa, 
Enterobacteriaceae (non-β-lactamase-producing), many 
Bacteroides species, and Escherichia faecalis. Combined with 
the β-lactamase inhibitor tazobactam, piperacillin/tazobactam 
has the broadest antibacterial spectrum of penicillins including 
activity against methicillin-susceptible Streptococcus aureus, 
Haemophilus influenzae, Bacillus fragilis, most Escherichia 
coli, and Klebsiella. Piperacillin is only available for parenteral 
administration and achieves high biliary concentrations. The 
penetration of piperacillin into the central nervous system is 
good but the concentration of tazobactam in the cerebrospinal 
fluid may be inadequate to protect piperacillin by organisms 
producing β-lactamases. Piperacillin is eliminated renally and 
requires adjustment in renal dysfunction [1].
Therapeutic Indications of Piperacillin
 Piperacillin is an important agent for the treatment of patients 
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Piperacillin molecular structure (molecular weight=516.548 
grams/mole)

Tazobactam molecular structure (molecular weight=300.289 
grams/mole)

Results
Efficacy and Safely of Piperacillin/Tazobactam
 Piperacillin/tazobactam administered intravenously at a dose 
of 4.5/0.5 grams 4 times-daily effectively and safely teats most 
hospital-acquired infections [2], complicated skin and soft-
tissue infections [3], and adult and paediatric patients with 
febrile neutropenia [4]. Piperacillin/tazobactam administered 
intravenously at a dose of 4/0.5 grams thrice-daily for 5 days 
effectively and safely treats hospitalized patients with lower 
respiratory-tract infections caused by sensitive organisms [5]. 
Cefoperazone/sulbactam is efficacy and safe as piperacillin/
tazobactam in treating elderly patients with severe community-
acquired pneumonia [6]. Cefepime is efficacious and safe as 
piperacillin/tazobactam in treating paediatric patients with 
febrile neutropenia [7], and cefoperazone/sulbactam is safe 
and effective as piperacillin/tazobactam in treatment of febrile 
neutropenia in children with cancer [8].

Metabolism of Piperacillin
 In literature there is only one study on the metabolism of 
piperacillin and it has been reported by Ghibellini et al. [9]. The 
metabolism of piperacillin was studied in-vitro using human 
liver microsomes and in-vivo in healthy volunteers. Piperacillin 
is converted into desethylpiperacillin which is glucuronidated 
and desethylpiperacillin-glucuronide is excreted into the bile.
Penetration of Piperacillin and Tazobactam in Body-
Tissues
 A single intravenous dose of 4/0.5 grams of piperacillin/
tazobactam was administered to 5 patients undergoing 
thoracotomy. The peak concentration of piperacillin is 176 ± 
105 µg/gram in infected lung and 326 ± 60.6 µg/ml in serum. 
The area under the concentration-time curve of piperacillin 
is 288 ± 167 µg*h/gram in infected lung and 470 ± 142 µg*h/
ml in serum. The intrapulmonary concentration of piperacillin 
exceeds the minimum inhibitory concentration of most relevant

Table 1: Pharmacokinetic parameters of piperacillin and tazobactam which have been obtained in 56 patients with complicated intraabdominal infection. 
Piperacillin/tazobactam was administered by a continuous infusion at a dose of 2/0.25 grams over 30 min once-daily to 26 patients or by intermittent infusion at a 
dose of 3/0.375 grams once-daily to 30 patients. Values are the mean ± SD, by Li et al. [13].

Parameter Continuous infusion (N=26) Intermittent infusion (N=30)
Piperacillin
Total body clearance (L/h) 16.0 ± 5.71 13.7 ± 4.31
Distribution volume (L) 22.2 ± 4.54 22.4 ± 6.18
Elimination half-life (h) 1.08 ± 0.45 1.24 ± 0.64
Peak concentration (µg/ml) Not available 122 ± 30.4
Concentration at the steady-state (µg/ml) 35.6 ± 12.1 Not available
Tazobactam
Total body clearance (L/h) 10.7 ± 8.42 11.0 ± 3.82
Distribution volume (L) 22.8 ± 4.69 23.2 ± 8.87
Elimination half-life (h) 1.88 ± 1.04 1.73 ± 1.34
Peak concentration (µg/ml) Not available 15.7 ± 4.84
Concentration at the steady-state (µg/ml) 7.29 ± 3.28 Not available
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cavity in paediatric patients with intraabdominal infections [25]. 
Piperacillin/tazobactam is an antimicrobial agent with enhanced 
activity against most β-lactamase-producing organisms [26]. 
Piperacillin/tazobactam is especially useful in treatment 
of infections caused by organisms with plasmid-mediated 
β-lactamases [27]. Piperacillin/tazobactam administered 
intravenously at a dose of 4.5/0.5 grams thrice-daily effectively 
treats 94.3% cases of pneumonia and 100% cases of bronchitis 
caused by Streptococcus pneumoniae, Klebsiella pneumoniae, 
Staphylococcus aureus, Haemophilus influenzae, Pseudomonas 
aeruginosa, Enterobacter species, or by Escherichia coli [28], soft-
tissue bacterial infections [29], serious infections of soft-tissue 
caused by group A streptococci or by Pseudomonas aeruginosa 
[30], and patients with polymicrobial infections [31]. Intravenous 
imipenem/cilastatin effectively treats febrile neutropenia in 
paediatric patients as intravenous piperacillin/tazobactam [32]. 
Piperacillin/tazobactam administered intravenously at a dose 
of 4.5/0.5 grams 4 times-daily is safe and effective as cefepime 
administered intravenously at a dose of 2 grams thrice-daily in 
treatment of high-risk febrile neutropenic patients with cancer 
[33], and piperacillin/tazobactam administered intravenously 
at a dose of 3/0.375 grams 4 times-daily is more effective than 
ticarcillin/clavulanate administered intravenously at a dose 
of 3 grams/100 milligrams 4 time-daily in treatment of lower 
respiratory-tract infections [34]. 

Trials with Piperacillin/Tazobactam
 Piperacillin/tazobactam administered intravenously at a dose 
of 4/0.5 grams 4 times-daily effectively treats patients with 
infection caused by gram-negative organisms as imipenem/
cilastatin/relebactam administered intravenously at a dose of 
500 mg/500 mg/250 mg 4 times-daily [35], and piperacillin/
tazobactam administered by continuous infusion at a dose 
of 4.5/0.5 grams 4 times-daily effectively treats patients with 
infections caused by gram-negative bacteria [36]. Piperacillin/
tazobactam administered intravenously at a dose 337.5/80 
mg/kg daily is effective and safe as cefepime administered 
intravenously at a dose of 100 mg/kg daily in treatment of 
children with febrile neutropenia [37]. Piperacillin/tazobactam 
administered intravenously at a dose of 4.5/0.5 grams 4 
times-daily treats febrile patients with severe neutropenia 
as cefepime administered intravenously at a dose of 2 grams 
thrice-daily plus amikacin administered intravenously at a 
dose of 20 mg/kg once-daily [38], and piperacillin/tazobactam 
administered intravenously at a dose of 4/0.5 grams thrice-
daily is more effective than imipenem/cilastatin administered 
intravenously at a dose of 2/0.5 grams thrice-daily in treatment 
of severe diabetic foot infections [39]. Ertapenem administered 
intravenously at a dose of 1 gram once-daily is efficacy and 
safe as piperacillin/tazobactam administered intravenously at 
a dose of 4/0.5 grams thrice-daily in treatment of complicated 
infections caused by gram-negative bacteria [40], and 
ertapenem administered intravenously at a dose of 1 gram 
once-daily is efficacy as piperacillin/tazobactam administered 
intravenously at a dose of 3.375/0.85 grams 4 times-daily 
in treatment of intraabdominal infections [41]. Intravenous 
piperacillin/sulbactam treats community-acquired respiratory-
tract and urinary-tract infections caused by β-lactamase-
producing organisms as intravenous piperacillin/tazobactam

bacteria for 4 to 6 hours after treatment [10]. Piperacillin/
tazobactam was administered intravenously at a dose of 
2.5/0.62 grams once-daily to 7 patients undergoing surgery and 
the mean peak concentration of piperacillin is 123 µg/gram and 
that of tazobactam is 30.3 µg/gram in the gallbladder. In these 
patients, the mean peak concentration of piperacillin is 60.2 
µg/ml and that of tazobactam is 14.4 µg/ml in the ascites and 
the mean peak concentration of piperacillin is 66.5 µg/ml and 
that of tazobactam is 8.5 µg/ml in the bile [11]. Piperacillin was 
administered intravenously at a dose of 2 grams once-daily to 
13 patients undergoing surgery. The median concentration of 
piperacillin in the subcutaneous-tissue is 2.4 µg/gram on day 1 
of treatment and 5.5 µg/gram on day 2 of treatment [12].
Pharmacokinetics of Piperacillin and Tazobactam in 
Patients with Complicated Intraabdominal Infection
 Li et al., [13] studied the pharmacokinetics of piperacillin and 
tazobactam in 56 patients with complicated intraabdominal 
infection who had a median age of 52 years (range, 18 to 82). 
Twenty-six patients received a daily dose of 2/0.25 grams of 
piperacillin/tazobactam by continuous infusion over 30 min and 
30 patients received a daily dose of 3/0.375 grams of piperacillin/
tazobactam by intermittent infusion. Both continuous infusion 
and intermittent infusions were administered to a minimum of 
4 days and not more than 14 days. 
 Table 1 shows that the pharmacokinetic parameters of 
piperacillin and tazobactam obtained following continuous 
infusion are not different from those obtained following 
intermittent infusion and there is a remarkable variability of the 
pharmacokinetic parameters. This variability is accounted by 
the wide variation in the patient’s age and disease.
Prophylaxis with Piperacillin/Tazobactam
 Piperacillin/tazobactam administered intravenously at a 
dose of 4.5/0.5 grams thrice-daily reduces post-operative site 
infection in adult patients [14], prevents the infection in patients 
undergoing radical cystectomy [15], and the infection in patients 
with high-risk febrile neutropenia [16]. A single intravenous 
dose of 2.25/0.56 grams of piperacillin/tazobactam is more 
effective than placebo in preventing postoperative infection in 
patients undergoing breast surgery and in patients undergoing 
hernia repair [17]. The administration of a single intravenous 
dose of 4.5/0.5 grams of piperacillin/tazobactam along with a 
standard dose of fluoroquinolone prevents the risk of serious 
bacterial infection in patients undergoing prostate biopsy 
[18]. Prophylaxis with piperacillin/tazobactam administered 
intravenously at a dose of 4.5/0.5 grams thrice-daily prevents the 
infection in patients undergoing blood stem cell transplantation
[19], the infection in women undergoing gynaecological surgery 
[20], and the infection in patients undergoing prostate biopsy 
[21]. 
Treatment of Bacterial Infections with Piperacillin/
Tazobactam
 Piperacillin/tazobactam administered intravenously at a dose 
of 4.5/0.5 grams 4 times-daily treats the infection caused by 
Pseudomonas aeruginosa [22], wound infection in patients 
undergoing head and neck surgery [23], polymicrobial 
infections caused by aerobic or anaerobic β-lactamase-
producing bacteria [24], and mixed infections of the peritoneal 
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tazobactam induces nephrotoxicity in paediatric oncology 
patients with fever plus neutropenia [47]. Piperacillin/
tazobactam induces nephrotoxicity in 18% of elderly patients 
with pneumonia [48]. Of 41 patients with bone-related infection 
who were treated with piperacillin/tazobactam intravenously 
at a dose of 4.5/0.5 grams thrice-daily for 10 days, 14 patients 
(34.1%) developed neutropenia which increases with increasing 
the cumulative dose of piperacillin/tazobactam [49].

Penetration of Piperacillin and Tazobactam into the 
Cerebrospinal Fluid (CSF)
 Placzek et al., [50] described the penetration of piperacillin into 
the CSF of 70 infants with meningitis caused by Escherichia coli 
or by Pseudomonas aeruginosa. Infants received piperacillin 
intravenously at a dose of 100 mg/kg twice-daily and 
flucloxacillin intravenously at a dose of 25 mg/kg twice-daily. 
Table 2 summarizes the concentration of piperacillin in CSF and 
in blood.

 The tazobactam concentrations in CSF of 4 µg/ml is inadequate 
for treatment of intracranial infections caused by organisms 
producing β-lactamases and a dose of 0.5 grams thrice-daily 
is necessary to combat infections of the central nervous 
system caused by these organisms [52]. Ten adult patients 
with haemorrhagic stroke (subarachnoid haemorrhage N=6 
and intracerebral haemorrhage N=4) received piperacillin/
tazobactam intravenously at a dose of 4/0.5 grams thrice-daily. 
The mean peak concentration of unbound piperacillin in brain 
interstitial space fluid is 1.6 µg/ml (range, 0.08 to 3.59) and 
2.78 µg/ml (range, 0.47 to 7.53) after the first administration 
and after multiple doses, respectively. The median estimate of 
transfer-rate of piperacillin from plasma to brain is 0.32 h-1 and 
the median estimate of transfer-rate of piperacillin from brain 
to plasma is 7.31 h-1. Simulations suggested that the probability 
of target attainment would exceeds 90% for the minimum 
inhibitory concentration of 0.5 and 1 µg/ml at a daily dose of 
piperacillin of 12 to 16 grams and 24 grams, respectively [53]. 
Ten adult patients with purulent meningitis caused by gram-
negative organisms received 3 intravenous doses of 4 grams of 
piperacillin. The mean piperacillin concentration in the CSF is 
9.2 µg/ml, the mean piperacillin penetration-rate is 22.7%, and 
the meningitis was cured after 10 to 20 days of treatment [54]. 
These results indicate that piperacillin penetrates into the CSF 
in significant amounts.
Treatment of Bacterial Meningitis with Piperacillin/
Tazobactam
 Adult patients had the meningitis caused by Streptococcus 

Table 2: Concentrations of piperacillin in the Cerebrospinal Fluid (CSF) and in blood which were obtained in 70 infants who received piperacillin intravenously at a 
dose of 100 mg/kg twice-daily. Values are the minimum, maximum, mean, and ± SD, by Placzek et al. [50].

[42]. Piperacillin/tazobactam administered intravenously 
at a dose of 4.5/0.5 grams 4 times-daily plus amikacin 
administered intravenously at a dose of 7.5 mg/kg twice-daily 
treats ventilator-associated pneumonia in adult patients as 
ceftazidime administered intravenously at a dose of 1 gram 
4 times-daily plus amikacin administered intravenously at a 
dose of 7.5 mg/kg twice-daily [43]. Piperacillin/tazobactam 
administered intravenously at a dose of 4/0.5 gram 4 times-daily 
effectively treats complicated urinary-tract infections [44], and 
piperacillin/tazobactam administered intravenously at a dose 
of 4/0.5 gram thrice-daily is more effective than imipenem/
cilastatin administered intravenously at a dose of 500/500 mg 
thrice-daily in treatment of intraabdominal infections caused by 
sensitive organisms [45].

Toxicity Caused by Piperacillin/Tazobactam
 The combination of vancomycin plus piperacillin/tazobactam 
increases the odds of acute kidney injury [46]. Piperacillin/

 Table 2 shows that the concentration of piperacillin in CSF and 
in blood is variable. The minimum inhibitory concentration 
of Escherichia coli and Pseudomonas is 10 µg/ml. The 
mean concentration of piperacillin in CSF is 51.1 µg/ml thus 
piperacillin administered at a dose of 100 mg/kg twice-daily 
yields concentration in CSF higher the minimum inhibitory 
concentration of Escherichia coli and Pseudomonas aeruginosa 
and these bacteria were eradicated from the CSF. Piperacillin/
tazobactam was administered intravenously at a mean dose 
of 113/96.7 mg/kg thrice-daily to 5 children, aged 6 to 59 
months, with meningitis caused by Haemophilus influenzae. 
The concentration of piperacillin and tazobactam was 
measured in CSF 0 to 105 min after dosing. The concentration 
of piperacillin in the CSF ranges from 2.54 to 7.74 µg/ml and 
that of tazobactam ranges from 0.32 to 1.32 µg/ml, and this 
dosing regimen eradicated Haemophilus influenzae from the 
CSF [51]. Following the administration of the first intravenous 
dose of piperacillin/tazobactam of 6/0.5 grams to 9 adult 
patients with non-inflammatory occlusive hydrocephalus the 
peak concentration of piperacillin in CSF ranges from 8.67 to < 
0.37 µg/ml (median, 3.42) and that of tazobactam ranges from 
1.37 to 0.11 µg/ml (median, 0.45). The peak concentration 
of piperacillin and tazobactam is observed 1.5 and 2 hours, 
respectively, after dosing. The elimination half-life of piperacillin 
is 5.9 hours in CSF and 1.47 hours in serum and that of 
tazobactam is 6.1 hours in CSF and 1.4 hours in serum. The 
ratio of the area under the concentration-time curve (AUC) of 
tazobactam in CSF to the AUC in serum is approximately 3 times 
lower than that for piperacillin (median, 0.034 versus 0.106).

Value Time after piperacillin 
injection (h)

Number of 
doses

Piperacillin concentration 
in CSF (µg/ml)

Piperacillin concentration in blood 
(µg/ml)

1 hour after 
dosing

12 hours after 
dosing

Minimum 2.5 1 2.6 90 50
Maximum 24 20 190 800 180
Mean 10.4 7.1 51.1 262 98.3
± SD 2.6 2.5 46.3 137 41.1
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effectively and safely treats lower respiratory-tract infections 
caused by sensitive organisms [5], and cefoperazone/sulbactam 
is efficacy and safe as piperacillin/tazobactam for treatment of 
elderly patients with severe community-acquired pneumonia 
[6]. Cefepime is efficacy and safe as piperacillin/sulbactam for 
treatment of paediatric patients with febrile neutropenia [7], 
and cefoperazone/sulbactam is efficacy and safe as piperacillin/ 
tazobactam in treatment of febrile neutropenia in children 
with cancer [8]. The metabolism of piperacillin has been 
studied and piperacillin is metabolised into desethylpiperacillin, 
desethylpiperacillin is glucoronated, and desethylpiperacillin-
glucuronide is excreted into the bile [9]. The penetration 
of piperacillin and tazobactam into body-tissues has been 
reviewed. Following a single intravenous dose of 4/0.5 grams of 
piperacillin/tazobactam to 5 patients undergoing thoracotomy 
the mean peak concentration of piperacillin is 176 µg/gram in 
infected lung and 326 µg/ml in serum and the mean area under 
the concentration-time curve of piperacillin is 288 µg*h/gram in 
the infected lung and 470 µg*h/ml in serum [10]. Following the 
intravenous administration of piperacillin/tazobactam at a dose 
of 2.5/0.62 grams once-daily to 7 patients undergoing surgery 
the mean peak concentration of piperacillin in the gallbladder 
is 123 µg/gram and that of tazobactam is 30.3 µg/gram, the 
mean peak concentration of piperacillin in ascites is 60.2 µg/
ml and that of tazobactam is 14.4 µg/ml, and the mean peak 
concentration of piperacillin in the bile is 66.5 µg/ml and that 
of tazobactam is 8.5 µg/ml [11]. Following the administration 
of piperacillin intravenously at a dose of 2 grams once-daily to 
13 patients undergoing surgery the median concentration of 
piperacillin in subcutaneous-tissue is 2.4 µg/gram on day 1 of 
treatment and 5.5 µg/gram on day 2 of treatment [12]. These 
results indicate that piperacillin and tazobactam penetrate 
into body-tissues in significant amounts. The pharmacokinetics 
of piperacillin and tazobactam have been studied by Li et al., 
[13] in 56 patients with complicated intraabdominal infection. 
Twenty-six patients received a daily dose of 2/0.25 grams 
of piperacillin/tazobactam by continuous infusion and 30 
patients received a daily dose of 3/0.375 grams of piperacillin/
tazobactam by intermittent infusion. The mean elimination 
half-life of piperacillin is 1.08 hours following the administration 
of piperacillin/tazobactam by continuous infusion and 1.24 
hours following the administration of piperacillin/tazobactam 
by intermittent infusion. The mean elimination half-life of 
tazobactam is 1.88 hours following the administration of 
piperacillin/tazobactam by continuous infusion and 1.73 hours 
following the administration of piperacillin/tazobactam by 
intermittent infusion. These results indicate that the elimination 
half-life of piperacillin and tazobactam is similar according 
the two infusion regimens. The prophylaxis with piperacillin/
tazobactam has been reviewed. Piperacillin/tazobactam 
administered intravenously at a dose of 4.5/0.5 grams thrice-
daily reduces post-operative site infection [14], prevents the 
infection in patients undergoing radical cystectomy [15], and 
in patients with high-risk febrile neutropenia [16]. A single 
intravenous dose of 2.25/0.56 grams of piperacillin/tazobactam 
prevents the infection in patients undergoing breast surgery and 
in patients undergoing hernia repair [17]. The administration 
of a single intravenous dose of 4.5/0.5 grams of piperacillin/

pneumoniae, Neisseria meningitides, Haemophilus influenzae, 
Staphylococcus, or by Escherichia coli. Piperacillin/tazobactam 
was administered intravenously at a dose of 4.5/0.5 grams 4 times-
daily and the meningitis was cured in all patients [55]. A male 
patient, aged 23 years, with meningitis caused by Elizabethkingia 
meningoseptica received piperacillin/tazobactam intravenously 
at a dose of 4.5/0.5 grams 4 times-daily and vancomycin and 
clotrimazole orally and the cerebrospinal fluid became sterile 
after 21 days of treatment [56]. One-hundred-one cases of post-
surgical meningitis and 10 cases of nosocomial meningitis caused 
by Pseudomonas meningitis were diagnosed. Piperacillin/
tazobactam was administered intravenously at a dose of 4.5/0.5 
grams 4 times-daily and this treatment cured 50% of cases [57].

Transfer of Piperacillin and Tazobactam across the 
Human Placenta
 The transfer of piperacillin and tazobactam across the human 
placenta was studied in 6 pregnant women at delivery. 
Piperacillin/tazobactam was administered intravenously at 
a dose of 4/0.5 grams 4 times-daily and both piperacillin and 
tazobactam freely crossed the human placenta [58]. Piperacillin 
was administered intravenously at a dose of 4 grams 4 times-
daily to 10 pregnant women at delivery and piperacillin promptly 
crossed the human placenta [59].

Discussion
  Piperacillin extends the spectrum of activity of ampicillin to include 
most strains of Pseudomonas aeruginosa, Enterobacteriaceae 
(non-β-lactamase-producing), many Bacteroides species, 
and Escherichia faecalis. Combined with the β-lactamase 
inhibitor tazobactam, piperacillin/tazobactam has the broadest 
antibacterial spectrum of penicillins including activity against 
methicillin-susceptible Streptococcus aureus, Haemophilus 
influenzae, Bacillus fragilis, most Escherichia coli and Klebsiella. 
Piperacillin is only available for parenteral administration and 
achieves high biliary concentrations. Piperacillin and tazobactam 
penetrate into the body-tissues in significant amounts. 
Piperacillin penetrates into the central nervous system well 
but the concentration of tazobactam in the cerebrospinal fluid 
is inadequate to protect piperacillin by organisms producing 
β-lactamases. Piperacillin is eliminated renally and requires 
adjustment in renal dysfunction. Piperacillin is an important 
agent for treatment of patients with serious infections caused 
by gram-negative bacteria including infections often acquired 
in the hospital. Therefore piperacillin finds its greatest use 
in treating bacteraemias, pneumonias, infections following 
burns, and urinary-tract infections caused by microorganisms 
resistant to ampicillin and the bacteria responsible include 
Pseudomonas aeruginosa, indole-positive strains of Proteus, 
and Enterobacter species. Because of piperacillin/tazobactam 
has good activity against Escherichia faecalis and Bacillus fragilis 
this drug also has utility in mixed intraabdominal infections [1]. 
The efficacy and safely of piperacillin/tazobactam have been 
reviewed. Piperacillin/tazobactam administered intravenously 
at a dose of 4.5/0.5 grams 4 times-daily effectively and safely 
treats most hospital-acquired infections [2], complicated 
skin and soft-tissue infections [3], and adult and paediatric 
patients with febrile neutropenia [4]. Piperacillin/tazobactam 
administered at a dose of 4/0.5 grams trice-daily for 5 days 
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foot infection [39]. Ertapenem administered intravenously at a 
dose of 1 gram once-daily is efficacy as piperacillin/tazobactam 
administered intravenously at a dose of 4/0.5 grams thrice-daily 
in treatment of complicated infections caused by gram-negative 
bacteria [40], and ertapenem administered intravenously at a 
dose of 1 gram once-daily is efficacy as piperacillin/tazobactam 
administered intravenously at a dose of 3.375/0.85 grams 4 
times-daily in treatment of intraabdominal infections [41]. 
Intravenous piperacillin/sulbactam treats community-acquired 
respiratory-tract and urinary-tract infections caused by 
β-lactamase producing organisms as intravenous piperacillin/
tazobactam [42]. Piperacillin/tazobactam administered 
intravenously at a dose of 4.5/0.5 grams 4 times-daily plus 
amikacin administered intravenously at a dose of 7.5 mg/
kg twice-daily treats ventilator-associated pneumoniae as 
ceftazidime administered intravenously at a dose of 1 gram 
4 times-daily plus amikacin administered intravenously at a 
dose of 7.5 mg/kg twice-daily [43]. Piperacillin/tazobactam 
administered intravenously at a dose of 4/0.5 grams 4 times-daily 
treats complicated urinary-tract bacterial infections [44], and 
piperacillin/tazobactam administered intravenously at a dose 
of 4/0.5 grams thrice-daily is more effective than imipenem/
cilastatin administered intravenously at a dose of 500/500 mg 
thrice-daily in treatment of intraabdominal infections caused by 
sensitive organisms [45]. These results indicate that trials with 
piperacillin/tazobactam co-administered with other drugs treat 
different infections. Little is known about the toxicity induced 
by piperacillin/tazobactam. The combination of vancomycin 
plus piperacillin/tazobactam increases the odds of acute kidney 
injury [46]. Piperacillin/tazobactam induces nephrotoxicity 
in paediatric oncology patients with fever plus neutropenia 
[47], and induces nephrotoxicity in 18% of elderly patients 
with pneumonia [48]. Piperacillin/tazobactam administered 
intravenously at a dose of 4.5/0.5 grams thrice-daily for 10 days 
to patients with bone-related infections induces neutropenia in 
34.1% of patients and the neutropenia increases with increasing 
the cumulative dose of piperacillin [49]. These results indicate 
that piperacillin/tazobactam my induce nephrotoxicity of 
neutropenia in some patients. The penetration of piperacillin 
and tazobactam into the cerebrospinal fluid has been reviewed. 
Piperacillin was administered intravenously at a dose of 100 
mg/kg twice-daily to 70 infants with the meningitis caused 
by Escherichia coli or by Pseudomonas aeruginosa the mean 
concentration of piperacillin in the cerebrospinal fluid is 51.1 µg/
ml and this concentration is higher than the minimum inhibitory 
concentration of bacteria causing the meningitis and the bacteria 
were eradicated from the cerebral spinal fluid [50]. Piperacillin/
tazobactam was administered intravenously at a dose of 
113/96.7 mg/kg thrice-daily to 5 children with meningitis caused 
by Haemophilus influenzae. The concentration of piperacillin 
and tazobactam in the cerebrospinal fluid ranges from 2.54 
to 7.74 µg/ml and from 0.32 to 1.32 µg/ml, respectively, and 
this treatment eradicates Haemophilus influenzae from the 
cerebrospinal fluid [51]. Following the administration of the 
first intravenous dose of 6/0.5 grams of piperacillin/tazobactam 
to 9 patients with non-inflammatory occlusive hydrocephalus 
the peak concentration of piperacillin and tazobactam in the 
cerebrospinal fluid ranges from 8.67 to < 0.37 (median, 3.42) 
and from 1.37 to 0.11 µg/ml (median, 0.45), respectively. 

tazobactam along with a standard dose of fluoroquinolone 
prevents the infection in patients undergoing prostate biopsy 
[18]. Piperacillin/tazobactam administered intravenously at 
a dose of 4.5/0.5 grams thrice-daily prevents the infection in 
patients undergoing blood stem cell transplantation [19], in 
women undergoing gynaecological surgery [20], and in patients 
undergoing prostate biopsy [21]. These results indicate that 
piperacillin/tazobactam prevents different infections. The 
treatment of bacterial infections with piperacillin/tazobactam 
has been reviewed. Piperacillin/tazobactam administered 
intravenously at a dose of 4.5/0.5 grams 4 times-daily treats 
patients infected by Pseudomonas aeruginosa [22], wound 
infection in patients undergoing head and neck surgery [23], 
polymicrobial infections caused by aerobic and anaerobic 
bacteria producing β-lactamases [24], and mixed infections of 
the peritoneal cavity of paediatric patients with intraabdominal 
infections [25]. Piperacillin/tazobactam has enhanced activity 
against most organisms producing β-lactamases [26], and 
treats infections caused by organisms with plasmid-mediated 
β-lactamases [27]. Piperacillin/tazobactam administered 
intravenously at a dose of 4.5/0.5 grams thrice-daily treats 
pneumoniae and bronchitis caused by Streptococcus 
pneumoniae, Klebsiella pneumoniae, Staphylococcus 
aureus, Haemophilus influenzae, Pseudomonas aeruginosa, 
Enterobacter species, or by Escherichia coli [28], soft-tissue 
bacterial infections [29], serious infections of soft-tissue caused 
by group A streptococci or by Pseudomonas aeruginosa [30], 
and polymicrobial infections [31]. Intravenous imipenem/
cilastatin treats febrile neutropenia in paediatric patients 
as intravenous piperacillin/tazobactam [32]. Piperacillin/
tazobactam administered intravenously at a dose of 4.5/0.5 
grams 4 times-daily treats high-risk febrile neutropenic patients 
with cancer as 2 grams of intravenous cefepime administered 
thrice-daily [33], and piperacillin/tazobactam administered 
intravenously at a dose of 3/0.375 grams 4 times-daily is 
more effective than ticarcillin/clavulanate administered 
intravenously at a dose of 3 grams/100 milligrams 4 times-daily 
in treatment of lower respiratory-tract infections [34]. These 
results indicate that piperacillin/tazobactam treats different 
infections. The trials with piperacillin/tazobactam have been 
reviewed. Piperacillin/tazobactam administered intravenously 
at a dose of 4/0.5 grams 4 times-daily treats patients infected 
by gram-negative organism as imipenem/cilastatin/relebactam 
administered intravenously at a dose of 500 mg/500 mg/250 
mg 4 times-daily [35], and piperacillin/tazobactam administered 
by continuous infusion at a dose of 4.5/0.5 grams 4 times-
daily treats patients infected by gram-negative bacteria [36]. 
Piperacillin/tazobactam administered intravenously at a dose 
of 337.5/80 mg/kg daily is effective as cefepime administered 
intravenously at a dose of 100 mg/kg daily in treatment of 
children with febrile neutropenia [37]. Piperacillin/tazobactam 
administered intravenously at a dose of 4.5/0.5 grams 4 times-
daily treats febrile patients with severe neutropenia as cefepime 
administered intravenously at a dose of 2 grams thrice-daily 
plus amikacin administered intravenously at dose of 20 mg/
kg once-daily [38], and piperacillin/tazobactam administered 
intravenously at a dose of 4/0.5 grams thrice-daily is more 
effective than imipenem/cilastatin administered intravenously at 
a dose of 2/0.5 grams thrice-daily in treatment of severe diabetic 
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respectively. The efficacy and safely, prophylaxis, treatment, 
and trials with piperacillin/tazobactam have been reviewed 
and piperacillin/tazobactam may induce nephrotoxicity or 
neutropenia in some patients. The penetration of piperacillin 
and tazobactam into the cerebrospinal fluid has been reviewed. 
Piperacillin penetrates into the cerebrospinal fluid in significant 
amounts whereas tobramycin reaches lower concentrations in 
the cerebrospinal fluid, piperacillin/tazobactam treats bacterial 
meningitis, and piperacillin and tazobactam freely cross the 
human placenta. The aim of this study is to review the clinical 
pharmacology of piperacillin.
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