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Objectives of the prospective, open-label study were to investigate pharmacokinetics of doripenem and determine
appropriate doripenem regimens during continuous hemodiaˆltration (CHDF) in critically ill patients with renal failure
(creatinine clearance ＜30 ml/min) in the intensive care unit at a university hospital in Japan. Six patients received in-
travenous (IV) administration of 250 mg of doripenem every 12 or 24 hours during CHDF (dialysis rate, 500 ml/h;
hemoˆltration rate, 300 ml/h) via a polysulfone hemoˆlter. Doripenem concentrations in pre- and post-membrane
blood (plasma) samples collected at speciˆed times during one dosing interval were measured in order to calculate phar-
macokinetic parameters and clearance via hemodiaˆltration. Mean half-life (±standard deviation) of doripenem was
7.9±3.7 hours. Total body clearance of doripenem was 58.0±12.7 ml/min, including clearance of 13.5±1.6 ml/min
via CHDF. An IV dose of 250 mg of doripenem every 12 hours during CHDF provided adequate plasma concentrations
for critically ill patients with renal failure, without resulting in accumulation upon steady-state. Thus, under the condi-
tions tested, CHDF appeared to have little eŠect on doripenem clearance. Therefore, the blood level of doripenem can
be satisfactorily controlled by adjustment of doripenem dose and dosing interval, in accordance with residual renal func-
tion in patients receiving CHDF.
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INTRODUCTION

As continuous hemodiaˆltration (CHDF) has fre-
quently been used as an indispensable treatment in
critically ill patients with renal failure,1) the indica-
tions for CHDF use have expanded. Currently,
CHDF is employed in various conditions such as
renal failure, acute hepatic failure, congestive heart
failure, severe acute pancreatitis, and sepsis24) as an
important means of assisting failed or dysfunctional
organs.

A problem requiring special attention during
CHDF, however, is that the pharmacokinetics (PK)
of medications may be markedly aŠected by elimina-
tion through ˆltration and dialysis, making it di‹cult
to establish appropriate levels of drug in the
bloodstream.57) If a drug is retained in vivo, it may
cause new occurrences of organ failure, whereas if
drug levels in the blood do not reach an eŠective
range, the apparent e‹cacy of the drug may be in-
su‹cient. Inadequate doses of antimicrobial agents
can result in development of drug-resistant patho-
gens. When caring for severely ill patients, use of ap-

propriate antimicrobial agents active against the
pathogen and adequate treatment at the correct dose
levels are essential for improving the rates of
survival.8) Therefore, clariˆcation of the PK of an-
tibiotics during CHDF will be clinically beneˆcial.

Doripenem (Finibax; Shionogi & Co., Ltd., Osa-
ka, Japan), a new antibiotic of the carbapenem fami-
ly, was approved in Japan (in July, 2005) and the
USA (in October, 2007). As doripenem has a broad
antibacterial spectrum and excellent antibacterial ac-
tivity, it is expected to improve the outcome of treat-
ment of previously intractable infections. Because
doripenem is excreted primarily via the kidneys, ade-
quate care is needed when using doripenem in patients
with compromised renal function. We previously
demonstrated in a pilot study with a limited sample
size that a single dose of doripenem did not aŠect its
concentration in serum during CHDF.20) In the
present study, we examined the eŠect of repeated
doses of doripenem on its concentration in serum dur-
ing CHDF. Furthermore, the PK of doripenem was
examined in patients treated with CHDF in order to
obtain useful information for designing safer, more
eŠective methods of using doripenem.
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Table 1. Patient Characteristics

Patient Gender Age
(years)

Weight
(kg)

Ccr a)

(ml/min) Admission diagnosis APACHE IIb) SOFA c)

ID-1 M 63 52 6.7 ileus, sepsis 26 13

ID-2 M 74 56 12.0 ruptured abdominal aneurysm 26 14

ID-3 F 59 52 9.8 pneumonia, sepsis 23 12

ID-4 F 68 62 6.9 pyoderma gangrenosum, sepsis 28 12
ID-5 M 56 73 3.7 aortic and mitral valve replacement 17 9

ID-6 F 84 52 15.0 dissecting thoracic aortic aneurysm 26 13

a) Ccr: creatinine clearance; b) APACHE II: Acute Physiology and Chronic Health Evaluation II; c) SOFA: Sequential Organ Failure Assessment. Data
from patients ID-1 and ID-2 were reported in our previous study.20)
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MATERIALS AND METHODS

Patients Prior to the start of the investigation,
the study was authorized by the Medical Research
Ethics Committee of Oita University Hospital in
Japan. Informed consent was obtained in writing
from each study participant or his/her relatives.

Participants included 6 patients who received treat-
ment with doripenem during CHDF for acute kidney
injury in the intensive care unit (ICU) at Oita Univer-
sity Hospital between November, 2006 and March,
2008. Patients receiving sodium valproate (for which
concomitant use of doripenem is prohibited) and
patients with compromised hepatic function were ex-
cluded from this study.

Patient Characteristics Of the 6 critically ill
patients included in this study, none had been treated
with doripenem prior to enrollment. All patients com-
pleted the scheduled period of PK sampling.

Demographic and medical characteristics of in-
dividual patients are shown in Table 1. All patients
had severe renal dysfunction, with creatinine clear-
ances (Ccr, an indicator of residual renal function)
that ranged from 3.7 to 15.0 ml/min (mean＝9.02 ml/
min). Residual diuresis was not extensive in any
patient during the study period.

Doripenem Administration and Collection of
Blood Samples Doripenem (250 mg; Shionogi &
Co., Ltd., Japan) was dissolved in 20 ml of physio-
logical saline solution and administered intravenously
by drip infusion for 1 h/session. Each of three
patients (ID 13) received a single dose of 250 mg of
doripenem. Blood samples were collected from in-
dwelling arterial cannula in heparinized tubes before
doripenem treatment (at 0 h), at 1 h (just prior to the
end of the infusion period), and at 2, 4, 6, 8, 12 and
24 h after the onset of infusion.

Another three patients (ID 46) each received 250
mg of doripenem every 12 h for at least 4 days. On the
ˆrst day of therapy, arterial blood samples were ob-
tained immediately before infusion, at 1 h (just prior
to the end of the infusion period), and at 2, 4, 7, and
12 h after the onset of infusion. Arterial blood sam-
pling was repeated on day 4 (at the subsequent 7th
dose), after steady-state concentrations of doripenem
nominally had been achieved. At 4 h following onset
of infusion, venous blood samples were taken from
the sampling port located after the dialyzer.

At each point of sampling, approximately 2 ml of
blood was collected into a heparinized sampling tube
and centrifuged immediately at 3000 rpm for 15 min
at 4°C. The resultant supernatant containing approxi-
mately 1 ml of plasma was transferred to a poly-
propylene tube and immediately frozen at －80°C for
storage until later analysis.

Pharmacokinetics (PK) of Doripenem Doripen-
em levels in human plasma were determined by a vali-
dated high-performance liquid chromatography
(HPLC; Shimadzu 10 A series) method, performed
by Mitsubishi Chemical Medience Corporation
(Tokyo, Japan). Samples were subjected to solid-
phase extraction (Bond Elute C18). Eluates (90 ml)
were injected into the HPLC system combined with
an octadecyl silica column (Cosmosil 5C18MS, 5
mm, 4.6 mm I.D.×250 mm) and UV detector (300
nm). The mobile phase of 20％ methanol and 80％ of
50 mmol/l phosphate buŠer (pH 6.2) containing 5
mmol/l tetrabutylammonium phosphate was deli-
vered isocratically at a ‰ow rate of 0.7 ml/min.
Doripenem levels in human plasma were also deter-
mined by liquid chromatography/tandem mass spec-
trometry (LC/MS/MS; MDS SCIEX API 4000),
performed by Mitsubishi Chemical Medience Corpo-
ration. Doripenem13C5d2 was added to thawed
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Fig. 1. Plasma Concentration-time Proˆles of Doripenem
Obtained for Each Patient

Symbols: ▲, patient ID1; □, patient ID2; ■, patient ID3; ○,
patient ID4; ●, patient ID5; △, patient ID6. Data from patients ID1
and ID2 were reported by our previous study.20)
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plasma samples (20 ml) as internal standards. Sam-
ples were subjected to protein precipitation using
acetonitrile, mixed, and centrifuged. Supernatants
(100 ml) were injected into the LC/MS/MS system
combined with an octadecyl silica column (Unison
USC18, 5 mm, 4.6 mm I.D.×50 mm) and a Turbo-
ionSpray interface, which was set to the positive mul-
tiple reactions monitoring mode. The ˆrst mobile
phase consisted of water/20 mmol/l ammonium for-
mate/formic acid (95：5：0.1, v/v/v) and second
mobile phase consisted of acetonitrile/water/20
mmol/l ammonium formate/formic acid (80：15：
5：0.1, v/v/v/v). The ˆrst and second mobile phases
were delivered by step gradient (100：0→75：25→
0：100) at a ‰ow rate of 0.6 ml/min. The lower limits
of quantiˆcation for these assays were 0.20 mg of
doripenem/ml. Non-compartmental PK analysis of
doripenem was performed. From the data on plasma
level of doripenem during the elimination phase, the
elimination rate constant (lZ) and the half-life (T1/2)

of doripenem during the elimination phase were cal-
culated. Using the trapezoidal method, we calculated
the area under the plasma concentration-time curve
(AUC) and the distribution volume at steady-state
(Vdss). From the dose level of doripenem and the
AUC, total clearance (CLTotal＝dose/AUC) was de-
termined. CHDF clearance (CLCHDF) was calculated
from the following equation:9)

CLCHDF＝QB×(1－Hct)×(Cin－Cout)/Cin,
where QB is the blood ‰ow rate, Hct is the hematocrit
level, Cin is the plasma concentration of doripenem
before the hemoˆlter, and Cout is the plasma concen-
tration of doripenem after the hemoˆlter. Plasma
concentrations of doripenem in plasma at the end of
drug administration were considered to be the maxi-
mum plasma concentration (Cmax) of doripenem.

CHDF In the present study, a polysulfone
hemoˆlter with a membrane surface area of 1.0 m2

(HEMOFEEL SH1.0, Toray Medical, Inc.,
Japan) was used for hemopuriˆcation. CHDF was
performed with a blood ‰ow rate (QB) of 100 ml/
min, a dialysate ‰ow rate (QD) of 500 ml/h, and a
ˆltration ‰ow rate (QF) of 300 ml/h. Sublood-BS
(Fuso Pharmacy, Inc., Japan) was used as a dialysate
and also served as substitution ‰uid infused
postdilusionally. During CHDF, nafamostat mesy-
late was serially administered at a rate of 2030 mg/h
to avoid coagulation within the circuit.

Statistical Analysis Results were expressed as

the mean±standard deviation (S.D.). Statistical
analysis was performed with StatView V software
(Abacus Concepts, Berkeley, CA).

RESULTS

Plasma Concentration Proˆles of Doripenem
　Patients ID1 and ID2 participated in our previous
study.20) Figure 1 illustrates the time course of con-
centration of doripenem in plasma after a single dose
in 3 patients (ID 13) or after the ˆrst dose in the
other 3 patients (ID 46). In all patients in our study,
plasma concentrations of doripenem decreased in a
bi-exponential manner.

Figure 2 shows the mean (±standard deviation)
of plasma concentrations of doripenem over time in
each patient (ID 16) in our study, as well as the plas-
ma concentrations of doripenem in patients with vari-
ous degrees of renal impairment reported by Uehara
and colleagues in a previous clinical study.10) Accord-
ing to the report by Uehara et al., the Ccr values in
two patients in the Ccr＜30 min/ml group were 17.8
and 24.2 ml/min (mean: 21.0 ml/min). In patients
ID 13 in the present study, the Ccr averaged 9.5 ml/
min and was thus lower than that in the patients exa-
mined by Uehara et al. Furthermore, even when
patients ID 16 in the current study underwent
CHDF, the level of doripenem in plasma was low for
a prolonged period of time.

Figure 3 illustrates data on the plasma doripenem
concentration-time for the initial dose administered
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Fig. 2. Mean Plasma Concentration-versus-time Curves of Doripenem ± standard deviation (S.D.) after a Single or First Dose of
250 mg of Doripenem

Panel A shows the plasma concentration of doripenem on a linear scale, whereas panel B shows the plasma concentration of doripenem on a log scale. The
closed circle, ●, depicts the plasma concentration of doripenem in the 6 patients (ID 16) receiving continuous hemodiaˆltration (CHDF) in the current study.
Other symbols depict data from a report by Uehara et al.10) ○, concentration of doripenem in plasma of patients (n＝2) with creatinine clearance (Ccr)＜30 ml/
min; △, concentration of doripenem in plasma of patients (n＝6) with Ccr 3050 ml/min; □, concentration of doripenem in plasma of patients (n＝4) with Ccr
50 ml/min; and ×, doripenem concentration of doripenem in plasma of patients (n＝6) with normal renal function.

Fig. 3. Doripenem Concentration-time in 3 Patients (ID 46)Who Received an Intravenous Dose of 250 mg of Doripenem Every 12
Hours

Panel A represents data from patient ID4; Panel B represents data from patient ID5; and Panel C represents data from patient ID6. Symbols: ○, initial
dose of doripenem and ▲, subsequent 7th dose of doripenem.
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(on day 1) and subsequent 7th doses (on day 4) in 3
patients (ID 46) in our study. After repeated dosing,
plasma concentration proˆles of doripenem (at
steady state) in patients ID 46 were similar to the
plasma concentration proˆle of doripenem after a 1st
dose in all patients in our study, suggesting that little
accumulation of doripenem occurred due to repeated
dosing.

Pharmacokinetic (PK) Parameters Table 2
presents the PK parameters for doripenem, calculated
from the plasma concentration data in patients receiv-
ing CHDF in the current study. The mean area under
the curve extrapolated to inˆnity (AUC) was 74.6±
15.6 mg･h/l, the elimination half-life (T1/2) was 7.9
±3.7 h, the total doripenem clearance (CLTotal) was
58±12.7 ml/min, and the doripenem clearance by

CHDF (CLCHDF) was 13.5±1.6 ml/min.
In a previous clinical study of doripenem in

patients (n＝2) with compromised renal function
(Ccr＜30 ml/min),10) the AUC was 64.3 mg･h/l, the
T1/2 was 3.56 h, and the CLTotal was 65 ml/min. In
contrast, in healthy adult volunteers, Uehara and col-
leagues reported an AUC of 20.3±3.5 mg･h/l, a T1/2

of 0.9±0.1 h, and a CLTotal of 209.8±29.5 ml/min
(Table 3).

Our results, however, suggest that CHDF had little
eŠect on the PK of doripenem. Because the duration
of drip infusion diŠered between the two studies, it
was not possible to make a direct comparison between
the maximum concentration (Cmax) of doripenem in
plasma of our patients and in the plasma of patients
in the report by Uehara et al.
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Table 2. Pharmacokinetic Parameters after the First Dose of 250 mg of Doripenem in Patients Receiving Continuous Hemodiaˆltra-
tion (CHDF)

Patient C a)
max

(mg/ml)
l b)

z
(h－1)

t c)
1/2
(h)

Vdss d)

(l)
AUC e)

inf
(mg.h/l)

CL f)
total

(ml/min)
CL g)

CHDF
(ml/min)

ID-1 15.2 0.102 6.8 21.3 95.8 43.5

ID-2 10.8 0.136 5.1 24.7 65.5 63.7

ID-3 11.1 0.045 15.3 62.9 66.4 62.8
ID-4 20.8 0.097 7.2 24.3 85.6 48.7 13.5

ID-5 11.0 0.111 6.3 26.3 81.3 51.2 15.1

ID-6 10.5 0.108 6.4 38.5 53.2 78.3 12.0

Mean±SD h) 13.2±4.1 0.10±0.03 7.9±3.7 33.0±15.8 74.6±15.6 58.0±12.7 13.5±1.6

a) Cmax: maximum concentration of doripenem in plasma; b) lz: elimination rate constant; c) t1/2: elimination half-life; d) Vdss: volume of distribution at
steady-state; e) AUCinf: area under the curve extrapolated to inˆnity; f) CLtotal: total doripenem clearance; g) CLCHDF: doripenem clearance by continuous
hemodiaˆltration (CHDF); h) SD: standard deviation. Data from patients ID-1 and ID-2 were reported by our previous study.20)

Table 3. Pharmacokinetic Parameters of Doripenem, according to Treatment and Level of Renal Function―Historical Comparison
of Pharmacokinetic (PK) Parameters of Doripenem between Patients Receiving Continuous Hemodiaˆltration (CHDF) and In-
dividuals with Various Levels of Renal Function

Type of individuals Duration (min)
of drip infusion

C b)
max

(mg/ml)
AUC c)

(mg.h/l)
CL d)

total
(ml/min)

CL e)
CHDF

(ml/min)
t f)
1/2
(h)

CHDF patients (n＝6, ID 16) 60 13.2±4.1 74.6±15.6 58±12.7 13.5±1.6 7.9±3.7
Group I (n＝2) [10]
Ccr a) ＜30 ml/min 30 17.9 64.3 65 3.6

Group II (n＝6) [10]
Ccr a) 3050 ml/min 30 21.1±4.6 48.2±13.4 93±29.2 2.2±0.3

Group III (n＝4) [10]
Ccr a) ≧50 ml/min 30 21.9±1.3 40.6±5.9 104.3±15.2 2.0±0.4

Healthy adults (n＝6) [10] 30 18.1±1.9 20.3±3.5 209.8±29.5 0.9±0.1

Data are expressed as the mean±standard deviation (S.D.), when the number of patients or individuals is more than 2. Data from patients, ID 16, who
received CHDF are from the current study. Data from patients in Group I, II, and III and healthy adults were previously reported by Uehara et al.10) a) Ccr:
creatinine clearance; b) Cmax: maximum concentration of doripenem in plasma; c) AUCinf: area under the curve extrapolated to inˆnity; d) CLtotal: total doripen-
em clearance; e) CLCHDF: doripenem clearance by CHDF; f) t1/2: elimination half-life.
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Safety In the current study, no adverse eŠects
of doripenem and no clinically signiˆcant change in
any laboratory parameter due to doripenem adminis-
tration were observed.

DISCUSSION

Recently, appropriate empiric use of antimicrobial
agents in the early phase of treatment has been
recommended.11) For managing severe infections in
patients in the ICU, antimicrobial agents in the car-
bapenem family are quite useful. Doripenem, a new
antimicrobial agent in the carbapenem family, has a
broad antibacterial spectrum of excellent activity
against aerobic and anaerobic Gram-positive and
Gram-negative bacteria. For example, the activity of
doripenem against Pseudomonas aeruginosa is higher
than that of any other carbapenem.12,13) Further-
more, doripenem is unlikely to cause adverse reac-

tions such as convulsions in the central nervous
system.14) Thus, doripenem is expected to improve
the overall outcome of clinical treatment of severe
bacterial infections.

Given that doripenem is a new antibiotic, we col-
lected PK data in patients undergoing CHDF in a
previous pilot study; however, only limited data could
be obtained due to the small sample size.20) Further-
more, the study involved a single dose of doripenem.
Thus, the recommended dose level of doripenem
could not be established for patients undergoing
CHDF. According to pharmacokinetics (PK)/phar-
macodynamics (PD) theory, the time above the mini-
mum inhibitory concentration (MIC) needs to be at
least 4050％ of the dosing interval, in order to
achieve optimal e‹ciency of treatment with
carbapenems.15)

Inadequate dose levels of antibiotics can lead to de-
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velopment of bacterial resistance to drugs and poor
prognosis for the patient. If removal of an antibiotic
in the bloodstream by CHDF is markedly higher, then
dosage supplementation may be necessary to ensure
therapeutic e‹cacy of an antibiotic. Therefore, it is
desirable to determine recommended dose levels of
antibiotics in patients receiving CHDF. In light of the
recent sharp increase in the number of patients receiv-
ing CHDF in ICUs, we examined the PK of doripen-
em in patients receiving CHDF.

Doripenem, which has a molecular weight (MW)
of 438 daltons and a protein-binding ratio (PBR) of 6
9％, is excreted primarily in an unchanged form via
the kidneys, with a urinary excretion ratio of 75％.16)

Usually, on the basis of creatinine clearances, it is
possible to determine the theoretical dose level for
drugs primarily excreted via the kidneys.17) However,
in patients undergoing CHDF, drug PK can change
markedly, due to elimination of drugs by ˆltration
and dialysis. For this reason, it is di‹cult to deter-
mine appropriate dose levels of drugs for patients un-
dergoing CHDF. Major factors known to aŠect elimi-
nation of drugs by CHDF include properties (pore
size, membrane area, membrane material, adsorptive
potential, and electric charge) of the dialyzer, phys-
icochemical characteristics (molecular weight, pro-
tein binding rate, distribution volume, water solubili-
ty, and molecular electric charge) of the drugs, and
methods of CHDF utilized.18)

Because doripenem has a low molecular weight and
low protein binding, we expected that a high percen-
tage of doripenem in the bloodstream of patients in
the present study would be eliminated by CHDF. In
the 6 patients with acute kidney injury (mean Ccr＝
9.02 ml/min) who underwent CHDF in our study,
analysis of PK parameters (a T1/2 of 7.9 h, a CLtotal of
58 ml/min, and a CLCHDF of 13.5 ml/min) suggested
that CHDF had relatively little eŠect on clearance of
doripenem, as compared with results of a previous
clinical study in untreated, normal subjects (yielding
a T1/2 of 0.9 h, and a CLtotal of 210 ml/min) reported
by Uehara et al.10)

HEMOFEELSH1.0, used in the present study, is
known to lack adsorptive potential. However, this
polysulfone membrane, with a 50％ sieving coe‹cient
(SC) corresponding to a molecular weight of about
30 000 daltons, is designed to have a relatively large
pore size. Because doripenem has low molecular
weight and low protein binding (＜10％), its SC is

nearly 1.0, suggesting the possibility of elimination of
a high percentage of the administered dose. For this
reason, the methods of CHDF utilized appeared to
have markedly aŠected the results of our study.

Several past studies indicated that meropenem, an
antibiotic of the carbapenem family, has a low
molecular weight (MW, 438 daltons) and low pro-
tein-binding rate (PBR, 2％) like doripenem.
However, when the ˆltration ‰ow rate (QF) was set at
3000 ml/h during CHDF, hemoˆltration clearance
was 49.7±8.3 ml/min.5) Hemoˆltration clearance of
panipenem (MW, 339 daltons; PBR, 7％) was 31.9±
2.1 ml/min with the following CHDF conditions: QD,
1000 ml/h and QF, 1000 ml/h.7) Furthermore, van-
comycin (MW, 1,448 daltons; PBR, 55％) has a
higher PBR and MW compared to other carbapenem
family antibiotics. However, CLCHDF of vancomycin
was 30±6.7 ml/min with the following CHDF condi-
tions: QD, 1000 ml/h and QF, 2000 ml/h.6) This sug-
gests that CLCHDF of vancomycin exceeds that of
doripenem (CLCHDF, 13.5±1.6 ml/min).

Thus, a potential theoretical limitation of interpre-
tation of our study is the e‹ciency of the CHDF sys-
tem in its elimination of a substantial amount of
doripenem. In the present study, CHDF was carried
out at 500 ml/h dialysate ‰uid and 300 ml/h substitu-
tion ‰uid. The assumed creatinine clearance in this
setting is nearly 13 ml/min.

Because the maximum volume of Sublood-BS(a
dialysate and substitution ‰uid) covered by health in-
surance in Oita Prefecture of Japan is 20 l/day (ap-
proximately 800 ml/h), and the e‹ciency of removal
of low-molecular-weight substances such as blood
urea nitrogen and creatinine does not diŠer between
ˆltration and dialysis, and ˆlter life becomes shorter
if QF is increased, we set QD at 500 ml/h and QF at 300
ml (QD＞QF). This CHDF method is used routinely
in our facility.

However, following the recent report that
hemodynamics and prognosis can be improved by in-
creasing the hemopuriˆcation level in ICU patients
complicated by acute kidney injury,19) hemopuriˆca-
tion under the setting we utilized can no longer be
considered to achieve a satisfactory outcome. Ronco
et al.19) proposed high-volume hemoˆltration
(HVHF) to increase amounts of various solutes
(from low-molecular-weight to intermediate-mole-
cular-weight substances). Because doripenem has a
low molecular weight and low protein binding, the
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amount of elimination of doripenem likely will in-
crease as the hemopuriˆcation rate increases. Thus,
the dose level of doripenem probably will need to be
increased when the antibiotic is used in patients un-
dergoing HVHF. Therefore, determining the ap-
propriate dose level of doripenem in patients under-
going HVHF requires future study.

When using doripenem in patients with com-
promised renal function, it should be noted that the
package insert states that doripenem should be used
once or twice daily at a dose level of 0.25 g for
patients with a Ccr＜30 ml/min. We found no need
to increase the dosage of doripenem when the an-
tibiotic was used in patients undergoing CHDF under
the settings tested in our past20) and present study.
For patients with residual renal function equivalent to
a Ccr＜30 ml/min, the upper limit of dose level is 250
mg of doripenem administered twice daily. Plasma
concentrations of doripenem after a single or ˆrst
dose of 250 mg of doripenem were 2.295.09 mg/ml at
6 h (in patients ID 13) and 2.254.10 mg/ml at 7 h
(in patients ID 46), respectively. These ˆndings sug-
gest that 250 mg of doripenem administered every 12
hours provided more than 50％ of T＞MIC against
bacteria, assuming with a MIC of less than 2 mg/ml of
doripenem.

This study has several limitations. First, we only ex-
amined a small number of patients (6 total). In addi-
tion, the historical comparison was made between
two diŠerent small studies which included groups of
patients with varying degrees of renal impairment as
well as healthy volunteers. Caveats for comparisons
between separate studies should be noted in detail. In
the current study, we used a polysulfone hemoˆlter
with a membrane surface area of 1.0 m2 (HEMO-
FEELSH1.0, Toray Medical, Inc., Japan). How-
ever, other hemoˆlters and CHDF conditions were
not tested, and diŠerent conditions may require
diŠerent doripenem concentrations. Future studies
should focus on determining doripenem concentra-
tions that are needed for various conditions.

In conclusion, our results show that CHDF under
the conditions tested appeared to have little eŠect on
the clearance of doripenem. Therefore, the level of
doripenem in plasma of patients undergoing CHDF
can be controlled satisfactorily by adjusting the dose
and dosing interval of doripenem, in accordance with
the patient's residual renal function. In the present
study, a dose of 250 mg of doripenem administered

intravenously every 12 h provided adequate plasma
concentrations of doripenem upon steady state,
without drug accumulation. As the in‰uence of
CHDF on the PK of doripenem is suspected to de-
pend on QD and QF, however, we currently are per-
forming a study of the PK of doripenem during
HVHF.
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