
Carbapenems are a class of antimicrobials structurally related to penicil-
lin. Doripenem, the newest agent in this class, was recently approved 
by the Food and Drug Administration for the treatment of complicated 
intra-abdominal infections and complicated urinary tract infections. Its spec-
trum of activity is similar to that of meropenem and imipenem/cilastatin. 
Some studies indicate that approximately 29% of carbapenem-resistant 
Pseudomonas aeruginosa isolates may remain sensitive to doripenem, 
although the clinical relevance of that finding has not been determined. 
Clinical studies, which have been published only in abstract form to date, 
have found doripenem to be similar to comparator agents. The most com-
mon adverse effects related to doripenem therapy were headache, nausea, 
diarrhea, rash, and phlebitis. Doripenem, like the other carbapenems, may 
also cause seizures. Because of the lack of published data, the lack of 
clear advantages over meropenem, and the increased cost compared with 
meropenem, doripenem will not be available for use at Baylor University 
Medical Center except by infectious diseases specialists.

arbapenems are a class of antimicrobials that are struc-
turally related to penicillin. They continue to be one 
of the most active classes of antibiotics against many 
resistant pathogens. However, resistance to carbapen-

ems is increasing. Doripenem, the newest addition to the car-
bapenem class of antibiotics, was recently approved by the Food 
and Drug Administration to treat complicated intra-abdominal 
infections and complicated urinary tract infections, including 
pyelonephritis, caused by susceptible bacteria (1).

Doripenem is a synthetic carbapenem antibiotic that is 
structurally related to beta-lactam antibiotics (1). The com-
pound is stable in the presence of beta-lactamase and is resistant 
to inactivation by renal dehydropeptidases (2). Doripenem, like 
the other carbapenems, inhibits bacterial cell wall synthesis by 
inactivating essential penicillin-binding proteins (PBPs), ulti-
mately causing cell death (1). It binds to PBP 3 and 4, as well 
as to PBP 2, which alters the bacterial cell shape in Escherichia 
coli and Pseudomonas aeruginosa.

PHARMACOKINETICS/PHARMACODYNAMICS
The pharmacokinetic properties of doripenem evaluated after 

single and multiple doses were given over 1 hour are summarized 
in Table 1 (1–3). Doripenem exhibits linear pharmacokinetics, 

meaning that the maximum concentration (Cmax) and area un-
der the curve (AUC) increase in a linear fashion with increasing 
doses of drug.

The volume of distribution of doripenem is 16.8 L and 
approximates that of extracellular fluid (18 L) (1). Protein bind-
ing is low and is independent of concentrations of drug in the 
plasma. Doripenem has good distribution into many body fluids 
and tissues, including retroperitoneal fluid, peritoneal fluid, 
gallbladder, bile, and urine (1).

Doripenem is metabolized to an inactive metabolite by de-
hydropeptidase-I (1). No hepatic metabolism of doripenem 
was evident in an in vitro evaluation with pooled human liver 
microsomes. Doripenem is eliminated in the urine as unchanged 
drug and undergoes glomerular filtration and active tubular 
secretion (1). One study administered 500 mg of doripenem to 
healthy adults and found that 70% of the dose was recovered in 
the urine as unchanged drug and 15% as inactive metabolite.

A single 500-mg dose of doripenem was administered to pa-
tients with renal dysfunction, as determined by creatinine clear-
ance, that was mild (50–79 mL/min), moderate (31–50 mL/min), 
and severe (≤30 mL/min) (1). The AUC was significantly greater 
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Table 1. Pharmacokinetic properties of doripenem

Property Result for doripenem

Protein binding 8.1%

Volume of distribution 16.8 L

Metabolism Via dehydropeptidase-I

Elimination half-life 1 hour

Elimination route Unchanged in the urine

Mean Cmax 23 mcg/mL

Mean AUC 36.3 mcg · h/mL

Cmax indicates maximum concentration; AUC, area under the curve.
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in the moderate and severe renal dysfunction 
groups than in age-matched healthy adult 
subjects. For this reason, dosing adjustments 
are recommended for patients with moderate 
or severe renal impairment. Another study 
evaluated the AUC of doripenem after a sin-
gle 500-mg dose was given to patients with 
end-stage renal disease who were undergoing 
hemodialysis (1–3). Patients received doripe-
nem 1 hour before or 1 hour after dialysis. 
Fifty-two percent of the dose was recovered 
in the dialysate following a 4-hour hemodi-
alysis session. When doripenem was given 
after hemodialysis, the AUC was approxi-
mately 8 times that of adults with normal 
renal function. The manufacturer does not 
make specific recommendations about dos-
age adjustments for patients with end-stage 
renal disease who are on hemodialysis.

A study conducted by Bhavnani and col-
leagues found that the pharmacodynamic 
measure that correlates best with bacterial 
eradication for doripenem is the time the 
concentration exceeds the minimum in-
hibitory concentration (MIC; T > MIC) 
for Streptococcus pneumoniae, Staphylococcus 
aureus, and Klebsiella pneumoniae (3). They 
found that 500 mg administered over 1 hour 
every 8 hours would achieve appropriate T > 
MIC against bacterial strains with an MIC 
<2 mcg/mL. Continuous or extended infu-
sions may be used to reach target concentra-
tions against bacterial strains with an MIC 
> 2 mcg/mL.

SPECTRUM OF ACTIVITY
Doripenem has a spectrum of activ-

ity comparable to that of meropenem and 
imipenem against gram-positive organisms. 
Imipenem has more activity than doripenem 
and meropenem against Enterococcus faecalis, 
and none of the carbapenems are effective 
against Enterococcus faecium or methicillin-
resistant S. aureus.

Doripenem has in vitro activity almost 
identical to that of meropenem for most 
gram-negative organisms. Meropenem has 
slightly lower MICs than doripenem for 
Klebsiella species, Proteus mirabilis (both 
extended-spectrum beta-lactamase [ESBL]–
producing strains and non–ESBL-producing strains), Serratia 
species, Salmonella species, and Shigella species. Imipenem 
has the lowest MICs against Acinetobacter species, followed by 
doripenem and meropenem. Meropenem has the lowest MIC 
for Burkholderia cepacia. None of the carbapenems are active 
against Stenotrophomonas maltophilia. 

Meropenem was more active than doripenem against many 
anaerobic organisms. Activity against Clostridium species and 
anaerobic gram-positive organisms was similar for meropenem 
and doripenem.

Table 2 shows the in vitro activity of doripenem, meropenem, 
and imipenem (2, 4–7).

Table 2. In vitro activity of doripenem, meropenem, and imipenem*

Organism

MIC90 (mcg/mL)

Doripenem Meropenem Imipenem

Gram-positive organisms

Staphylococcus aureus (methicillin susceptible) 0.06 0.12 ≤0.5
Staphylococcus aureus (methicillin resistant) 32 32 32

Coagulase-negative staphylococci (methicillin 
susceptible)

0.06 0.12 ≤0.5

Enterococcus faecalis 8 16 4
Enterococcus faecium >16 >16 >8
Streptococcus pneumoniae 0.008–0.5 0.008–0.5 ≤0.5
Streptococcus pneumoniae (penicillin intermediate) 0.25 0.5 0.12
Streptococcus pneumoniae (penicillin resistant) 1 1 1
Viridans group streptococci 0.5 0.5 ≤0.5
Beta-hemolytic streptococci 0.03 0.06 ≤0.5

Gram-negative organisms

Escherichia coli 0.03 0.03 ≤0.5
Escherichia coli (ESBL producing) 0.06 0.06 ≤0.5
Klebsiella species 0.06 0.03 ≤0.5
Klebsiella species (ESBL producing) 0.12 0.12 ≤0.5
Enterobacter species 0.12 0.12 1
Enterobacter species (ceftazidime resistant) 0.12–0.25 0.25 1
Citrobacter species 0.06 0.06 1
Citrobacter species (ceftazidime resistant) 0.06–0.12 0.06–0.12 1
Proteus mirabilis 0.25 0.06 2
Proteus mirabilis (ESBL producing) 0.25 0.12 2
Serratia species 0.25 0.06 1
Serratia marcescens (ceftazidime resistant) 0.25–0.5 0.12–0.5 1–2
Salmonella species 0.06 0.03 ≤0.5
Shigella species 0.06 0.03 ≤0.5
Pseudomonas aeruginosa 8 16 >8
Pseudomonas aeruginosa (carbapenem resistant) >32 >8 >8
Pseudomonas aeruginosa (metallo-beta-lactamase) >32 >8 >8
Acinetobacter species 4 8 2
Burkholderia cepacia 8 4 8
Stenotrophomonas maltophilia >16 >8 >16
Aeromonas species 1 1 2

Anaerobic organisms

Bacteroides fragilis 1 0.5 0.5
Fusobacterium species 1 0.12 1
Prevotella species 0.5 0.25 0.25
Clostridium species 2 2 8
Anaerobic gram-positive cocci 0.12 0.12 0.062

*From references 2, 4–7.

MIC90 indicates minimum inhibitory concentration required to inhibit the growth of 90% of organisms; ESBL, 
extended-spectrum beta-lactamase.



Doripenem has slightly more activity against wild-type P. 
aeruginosa than meropenem (2, 8). At a drug concentration of 2 
mcg/mL, the rate of susceptible isolates was 92%, 90%, and 89% 
for doripenem, meropenem, and imipenem, respectively. A study 
by Jones and colleagues found that carbapenem-resistant isolates 
of P. aeruginosa were generally resistant to all carbapenems, with 
29.4% of isolates sensitive to doripenem and 2.9% sensitive to 
meropenem (4). However, only 34 carbapenem-resistant isolates 
were included in this study. Another study by Jones and colleagues 
evaluated 49 strains of carbapenem-resistant P. aeruginosa and 
found similar results (22.4% sensitive to doripenem despite MIC 
> 32 vs 2% sensitive to meropenem) (8). All carbapenems were 
inactive against the metallo-beta-lactamase–producing strains of 
P. aeruginosa (4).

Overall, it is hypothesized that doripenem may be useful for 
highly resistant strains of P. aeruginosa. However, most studies 
conclude that the spectrum of activity is very similar for doripe-
nem and meropenem and that the differences in P. aeruginosa 
susceptibilities may not translate into any significant clinical 
advantage (9).

MECHANISMS OF RESISTANCE
Alterations in PBPs often lead to beta-lactam resistance—par-

ticularly for gram-positive organisms but also for some gram-
negative organisms (10, 11). However, alterations in PBPs alone 
will rarely confer a high level of resistance to carbapenems.

There are four molecular classes of beta-lactamases (Ambler 
class A, B, C, and D) (10, 11). Carbapenems are generally very 
stable against beta-lactamases compared with other beta-lactam 
antibiotics. However, they may be hydrolyzed by Ambler class B 
beta-lactamases such as the IMP, SPM, and VIM enzymes. These 
are metalloenzymes with a zinc-binding thiol group and are often 
found in Pseudomonas species, A. baumannii, S. maltophilia, Bacil-
lus species, and other bacteria. A few Ambler class A enzymes have 
carbapenemase activity as well. AmpC beta-lactamases or ESBLs 
may hydrolyze carbapenems, but very weakly (9). In a study done 
by Jones and colleagues, doripenem and meropenem retained 
activity against ESBL-producing and AmpC beta-lactamase–pro-
ducing gram-negative organisms (8). Imipenem retained activity 
against ESBL-producing gram-negative organisms but lost some 
activity against AmpC beta-lactamase–producing gram-negative 
organisms.

Carbapenems enter the outer membrane barrier of gram-neg-
ative organisms by the OprD outer membrane protein or porin 
(11). This mechanism for entry applies particularly to imipenem, 
but to meropenem and doripenem as well. If OprD production 
is decreased or absent, resistance to imipenem (often in conjunc-
tion with beta-lactamase production) occurs. The activity of the 
other carbapenems is reduced as well, although the MICs for 
meropenem and doripenem may still be within the susceptible 
range. This finding suggests that meropenem and doripenem may 
not enter the cell exclusively via the OprD porin.

Efflux pumps within bacteria can promote resistance by ac-
tively pumping the antibiotic out of the bacterial cell (10, 11). P. 
aeruginosa isolates may have a multidrug efflux system called MexA-
MexB-OprM, for which meropenem, penicillins, cephalosporins, 

and fluoroquinolones are a substrate. If the expression of this efflux 
system increases, then the antibiotic is removed from the cell, the 
MICs are raised, and resistance is conferred. Similar to alterations 
in the OprD porin, alterations in the efflux pumps alone do not 
normally confer high-level carbapenem resistance.

Sakyo and colleagues conducted a study to evaluate the po-
tency of carbapenems for the prevention of carbapenem-resistant 
mutants of P. aeruginosa (12). The study was conducted in Japan 
on 144 clinical P. aeruginosa isolates. The results showed that 
mutants did develop because of a reduced expression of OprD 
and that the mutants had a reduced susceptibility to doripenem, 
meropenem, and imipenem. The authors indicated that merope-
nem and imipenem might select for these carbapenem-resistant 
mutants. They also stated that a mutant must lack OprD porin 
and have increased expression of the MexA-MexB-OprM efflux 
pump to become highly resistant to meropenem or doripenem 
and that this type of double mutant would not generally occur 
during carbapenem therapy. The MICs for doripenem were ap-
proximately one dilution lower than those for meropenem and 
eight dilutions lower than for imipenem. The clinical relevance 
of this study is unknown.

Another study by Mushtaq and colleagues found that doripe-
nem resembled meropenem in activity and behavior, with identical 
MICs or with doripenem having MICs one dilution lower (9). 
Both drugs had reduced activity against intrinsically resistant P. 
aeruginosa, indicating that doripenem and meropenem are both 
affected by efflux mechanisms of resistance. Alterations in mul-
tiple mechanisms were found to be necessary to develop clear 
resistance to doripenem or meropenem, and these combinations 
are less likely to be selected in vivo. Additionally, the loss of OprD 
increased doripenem MICs, indicating that doripenem enters the 
cell through this porin. Doripenem also lost activity against organ-
isms with the IMP and VIM beta-lactamase enzymes. The study 
also found that in vitro resistance to doripenem could be selected 
out, although it was lower for doripenem than for meropenem and 
imipenem, most likely because doripenem is new and organisms 
have not been exposed to it long enough to develop resistance.

CLINICAL EFFICACY
Currently, all clinical studies evaluating the efficacy of doripe-

nem have been published only in abstract form (13–18). A sum-
mary of available data is presented in Table 3. Overall, doripenem 
was found to be similar to comparator agents for each type of 
infection studied, with no statistical differences found in the pri-
mary endpoints.

ADVERSE EFFECTS
The most common adverse reactions to doripenem in phase 

III clinical trials were headache, nausea, diarrhea, rash, and phlebi-
tis (all >5%) (1). Other adverse events included anemia, increased 
hepatic enzymes, oral candidiasis, and vulvomycotic infections.

Serious and fatal anaphylactic hypersensitivity reactions have 
occurred in patients receiving beta-lactam antibiotics, especially 
when a prior history of sensitivity to multiple allergens is present. 
The overall incidence of hypersensitivity, including anaphylaxis, 
with carbapenems is low (approximately 3%) (19). However, due 
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Table 3. Clinical efficacy data for doripenem

Trial  
(reference) Study design

Study drug  
regimens

Other study  
conditions

Primary  
endpoint results Other results Comments

Complicated intra-abdominal infections

Solomkin et al 
(13–15)
(n = 962)

Randomized
(Pooled data 
from 2 other 
trials)

DPM 500 mg IV 
every 8 h given 
over 1 h (n = 
486)
or
MPM 1g IV 
every 8 h given 
as 3- to 5-min 
bolus (n = 476)

Change to oral AMX/
CLAV 875/125 mg 
twice a day allowed 
after ≥3 days (≥9 
doses)
Total days of antibiot-
ics: 5–14
Clinical response 
evaluated 21–60 days 
after treatment com-
pleted

Microbiologically 
evaluable patients: 
clinical cure rate 
84.6% DPM vs 
84.1% MPM (NS)

Microbiological 
mITT: clinical cure 
rate 76.2% DPM 
vs 77.3% MPM 
(NS)

Abstract form; full data not  
reviewed

Complicated urinary tract infections

Naber et al (16)
(n = 753)

Randomized, 
double-blind, 
multicenter

DPM 500 mg IV 
every 8 h given 
over 1 h
or
LEVO 250 mg 
IV every 24 h 
given over 1 h

Change to oral LEVO 
250 mg daily after ≥9 
doses of IV antibiotics
Total days of  
antibiotics: 10
Microbiological and 
clinical assessment 
done 6–9 days after 
end of treatment

Microbiologically 
evaluable patients: 
cure rate 82.1% 
DPM vs 83.4% 
LEVO (NS)

Clinical cure 
rate: 95.1% 
DPM vs 90.2% 
LEVO (95% CI, 
0.2%–9.6%)
Microbiological 
mITT: cure rate 
79.2% DPM vs 
78.2% LEVO (NS)

Abstract form; full data not  
reviewed
Wide confidence interval on clinical 
cure rate plus its close proximity 
to zero makes evaluation of these 
numbers difficult without the full 
study available for review

Nosocomial pneumonia and early-onset ventilator-associated pneumonia

Rea-Neto et al 
(17)
(n = 448)

Randomized, 
open-label

DPM 500 mg IV 
every 8 h given 
over 1 h
or
PTZ 4.5 g IV 
every 6 h given 
over 30 min

Change to oral LEVO 
750 mg daily after ≥72 
hours of IV antibiotics
Cure rates assessed 
7–14 days after treat-
ment

Clinically evaluable 
patients: cure rate 
81.3% DPM vs 
79.8% PTZ (NS)

Clinical mITT: cure 
rate 69.5% DPM 
vs 64.1% PTZ 
(NS)

Abstract form; full data not re-
viewed

Chastre et al 
(18)
(n = 531)

Randomized, 
open-label

DPM 500 mg IV 
every 8 h given 
over 4 h
or
IPM/CIL 500 
mg IV every 6 
h given over 
30–60 min

Length of therapy: 
7–14 days
Clinical cure rate 
assessed 7–14 days 
after treatment

Clinically evalu-
able patients: cure 
rate 68.3% DPM 
vs 64.8% IPM/CIL 
(NS)

Clinical mITT: cure 
rate 59% DPM vs 
57.8% IPM/CIL 
(NS)

Abstract form; full data not  
reviewed
No other antibiotics allowed during 
study period, which is not consis-
tent with usual treatment of VAP
P. aeruginosa resistance was higher 
in IPM/CIL group than DPM, which 
is not surprising

DPM indicates doripenem; IV, intravenously; MPM, meropenem; AMX/CLAV, amoxicillin/clavulanate; NS, nonsignificant; mITT, modified intention to treat; LEVO, levofloxacin;  
CI, confidence interval; PTZ, piperacillin/tazobactam; IPM/CIL, imipenem/cilastatin; VAP, ventilator-associated pneumonia.

to structural similarities, there a risk of cross-reactivity when car-
bapenems are administered to patients allergic to penicillin (ap-
proximately 10%). Thus, if a patient has a history of anaphylaxis 
when receiving penicillins, cephalosporins, or other carbapenems, 
the patient should not receive doripenem. Cases of anaphylaxis 
with doripenem have been noted in postmarketing reports. 

Postmarketing reports have also identified the following ad-
verse events in patients receiving doripenem: Stevens-Johnson 
syndrome, toxic epidermal necrolysis, interstitial pneumonia, and 
seizures. Clostridium difficile–associated diarrhea may be associ-
ated with antimicrobial use, including use of doripenem.

Postmarketing reports from other countries have identi-
fied seizures as a potential adverse event in patients who receive 

doripenem (1). Horiuchi and colleagues conducted an animal 
experiment to evaluate the seizure potential of doripenem 
vs other beta-lactam antibiotics, including meropenem and 
imipenem/cilastatin (20). In this experiment, imipenem/cilas-
tatin caused seizure activity, as seen on electroencephalogram 
(EEG) in rats, and obvious clonic convulsions at a dose of 400 
mg/kg. Meropenem did not affect the EEG but did produce 
wet dog shaking behavior at 200 and 400 mg/kg; doripenem 
did not cause any EEG or behavior changes in the rats at 
400 mg/kg. Doripenem also did not cause seizure activity in 
experimental dog models. It appears from these experiments 
that doripenem may have a lower potential to cause seizures 
than imipenem/cilastatin or meropenem. However, all carba-



penems have been noted to cause seizures, and the incidence 
of seizures cannot be determined until the agent is evaluated 
in the postmarketing setting in the USA.

DRUG INTERACTIONS
Carbapenems can cause a significant decrease in serum val-

proic acid levels, which could result in a loss of seizure control 
(1). This decrease may be caused by inhibition of valproic acid 
glucuronide hydrolysis, but the precise mechanism is unknown. 
Thus, caution should be used when initiating doripenem therapy 
in a patient already stabilized on valproic acid, and levels should 
be monitored more frequently.

Doripenem is eliminated via active tubular secretion (1). 
Probenecid interferes with the secretion, resulting in increased 
doripenem concentrations.

DOSE/ADMINISTRATION
The recommended dose of doripenem for complicated intra-

abdominal infections and complicated urinary tract infections, 
including pyelonephritis, is 500 mg intravenously every 8 hours. 
The following dosage adjustments for doripenem are required 
for patients with renal dysfunction:
•	 If creatinine clearance is ≥30 to ≤50 mL/min, the dose is 250 

mg intravenously every 8 hours
•	 If creatinine clearance is >10 to <30 mL/min, the dose is 250 

mg intravenously every 12 hours
Doripenem is stable at room temperature for up to 12 hours, 

while meropenem and imipenem/cilastatin are stable at room 
temperature for only 1 to 4 hours (19). Both meropenem and 
doripenem are stable for up to 24 hours when refrigerated, which 
may allow doripenem to be more easily used in an extended 
infusion for patients with resistant organisms.

At Baylor University Medical Center, the acquisition cost of 
doripenem is approximately $50 more than that of meropenem 
500 mg intravenously every 6 hours and $20 more than that of 
meropenem 1 g intravenously every 8 hours. 

Meropenem is the current carbapenem of choice at Baylor as 
of June 2007. Because of the recent conversion to meropenem, 
the similar spectrum of activity of meropenem and doripenem, 
the lack of published data, the similarity in cure rates between 
doripenem and comparator agents (according to published ab-
stracts), and the increased cost of doripenem, meropenem will 
continue to be the carbapenem of choice at Baylor. However, 
infectious diseases specialists may order doripenem for select 
patients who have multidrug-resistant infections that are sensi-
tive to this agent.
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