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were studied in ea prean (n = 7; length of gestation, 8.6 1.5 weeks,

mean drd deviaton), in late preg y (n = 7; length of gestation, 38.7 ± 1.4 weeks), and In the
nonpregnant state (n = 6). A single dose of mg ofimipeedlastatin (1:1) wadm as a 20-min

on. Multiple plma and urine samples, as we1 as spe of umbilical pls and t id rom
the pregant sb , were c ed at feq t inte for 8 h. I em etDons were assed by
specific I a y. Ihe mean peak concentratios In plma were 14.7 i 4.9, 14.9 ± 5.2, and 43±
28.3 ag/m in erly pre cy, late pr a, and the nonpreg t state, ectively. Te volumes of
distribution were significanty lar during early pre y (0.98 ± 0.45 liter/kg of body wel0t, P < 0.005)
and late pre (0.59 0.19 iter/kg, P < 0.05) than In the nonpregnant state (0.33 ± 0.10 ), and
total learances hm psma were ster in ealy peg (12.7 ± 7.8 ml mi-1 kg-l, P < 0.5) and late
pregancy (10.7 4.6 ml minm' kg-1, P < 0.05) than in the nonpregnat state (5.77 ± 1.19 ml mi1 kg1-).
The mean concenations in ic fluid were 0.07 ± 0.01 and 0.72 ± 0.85 pgm Ein early and late preg .

Ihe mean umbcveno and arterial drug concentratons were 1.72 1.22 and 1.64 L 1.22 paml. Tmhe
feto-mate ratio at the time of cesarean secton was 0.33 t 0.12. ress

of doses of imipenem may be requird when treatig pregnat men because of considerable c es in

imipenem pharmacokinetics during pregnancy.

It has been confirmed that for many antibiotics, such as
ampicillin and piperacillin, the pharmacokinetics alter and
elimination is enhanced during pregnancy (10, 16). This
applies especially for polar drugs, and in general, the higher
the water solubility of a drug is, the more its half-life is
shortened during prepancy, while the reverse is true for
lipid-soluble drugs (18). However, the pharmacokinetic be-
havior of a drug during pregnancy does not stick to the
model predicted by the physicochemical properties only, as
demonstrated in our previous study on the pharmacokinetics
of medillinam (11).
Imipenem is a fairly new carbapenem beta-lactam antibi-

otic which is clinically used in a 1:1 combination with
cilastatin, a competitive inhibitor of dehydropeptidase, min-
imizing the renal metabolism of imipenem (2, 15). It is active
against a broad spectrum of bacteria, including all the
common members of the family Enterobacteriaceae (MIC <
1.3 iLg/ml) and staphylococci (MIC < 2 pgfml) (20), as well
as Listeria monocytogenes (MIC for 90% of strains = 0.11
ig/ml [4]; MIC < 0.25 ,.g/ml [8]), Neisseria gonoeae
(MIC for 90% of strains < 0.30 i&g/ml [4]; MIC = 0.01 to 0.1
p,g/ml [3]), Chlamydia trachomatis (3), and Bacteroides
fi-agilis (MIC for 90% of strains = 0.25 pg/ml) (5). There
appear to be three previous studies on imipenem in the
perinatal period. The transfer of the drug through placenta
has been observed, and drug concentrations in the umbilical
cord plasma and amniotic fluid were found to exceed MICs
against main pathogenic organisms (6, 12, 14).
The current study describes the pharmacokinetics of imi-

penem during pregnancy compared with those in the non-
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pregnant state and the transplacental passage during preg-
nancy.

MATERIALS AND METMODS

Subjects. Twenty subjects participated in the study. Seven
subjects had an early pregnancy and sought artificial termi-
nation of the pregnancy for social reasons (group A). Seven
subjects were parturient Women who delivered by cesarean
section because of secondary arrest of labor or premature
rupture of the membranes (group B). All of the mothers had
an uncomplicated pregnancy. Six nonpregnant women of
childbearing age who underwent a gynecological operation
for benign disease served as controls (group C). None of the
participants had any underlying disease, and none had taken
antibiotics for at least 7 days. For the operative procedures
(curettages, cesarean sections, and gynecologic operations)
anesthesia and analgesics were given as normal. The study
protocol was approved by the Joint Committee of Ethics of
the University of Turku and the University Central Hospital
of Turku, and all the participants gave informed consent
before entering the study. The clinical characteristics of the
20 subjects who constituted the study population are sum-
marized in Table 1. All participants received a single dose of
500 mg of intravenous imipenem-cilastatin (1:1) (Primaxin;
Merck Sharp & Dohme) as an infusion over 20 min via an
infusion pump.
Samplig. For all subjects blood was drawn through an

indwelling intravenous catheter on the contralateral arm
before the start of the drug infusion (zero sample), at the
completion of the 20-min timed infusion, and at 5, 10, 15, 30,
45, 60, 120, 180, 300, and 480 mi after the end of the
infusion. The infusion was started 40 min before cesarean
sections and gynecological operations and 200 min before
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TABLE 1. Clnical characteristics of the study population

Group Length of gestation Age Wt
[wk (range)] [yr (range)] (kg [mean ± SD])

A 8.6 (7-11) 30723 (16-36) 61.8 ± 6.4
B 38.7 (37-41) 30.3 (26-36) 78.3 ± 9.7
C Nonpregnant 37.5 (27-42) 59.2 ± 10.7

mg/I

*-* A
B

o-o C

10F
the curettages. The urine specimens were collected in frac-
tions at 0, 0 to 2, 2 to 5, and 5 to 8 h. At curettage, a sample
of amniotic fluid was obtained from the intact amniotic sac
through a puncture needle inserted transcervically. At ce-
sarean section, samples of umbilical vein and artery as well
as amniotic fluid were obtained at the time of birth. Initially,
all the specimens were preserved on ice, the plasma was
then separated from the blood samples, and they were stored
at -70°C. The next day the samples were transported
packed in carbon dioxide ice to the laboratory, where the
assay was started immediately.
Sample analysis. The concentrations of imipenem were

determined microbiologically by the standard agar well
diffusion method (15). The medium used was antibiotic
medium (Oxoid) at pH 7.2, and the test organism was
Bacillus sublilis in spore form (ATCC 6051). At least seven
standard concentrations were used on each plate. The stan-
dards and samples (80 ,ul) were placed in wells 7 mm in
diameter.
The coefficients of variation (standard deviation [SD]/

mean x 100) on the plates (n = 15) were 12.9, 6.0, and 3.0%
at low (0.12-,ug/ml), middle (1.0-,tg/ml), and high (10-,g/ml)
concentrations of imipenem, respectively. The correspond-
ing mean diameters of the zones of inhibition were 16.3 mm
(SD, 2.1 mm), 28.5 mm (SD, 1.7 mm), and 43.9 mm (SD, 1.3
mm), respectively. The regression lines (least-squares for-
mula) were calculated with the values of seven to nine
different standards. The mean deviations, in percentages of
the standard concentrations measured from the respective
points on the calculated regression lines, were +9.4% (SD,
4.7%) at the low concentration, -6.5% (SD, 7.2%) at the
middle concentration and +9.6% (SD, 3.9%) at the high
concentration.

Pharmacokinetic analysis. The SIPHAR computer pro-
gram (version 4.0; SIMED Centre d'Etudes et de Recher-
ches en Statistiques et Informatique Medicales, Poitiers,
France) was used to obtain pharmacokinetic parameter
estimates. Determination of the optimal structural model
was based on visual inspection of the concentration-time
curves and the model selection criterion obtained from
SIPHAR. The concentration-time data for all subjects were
fit to two- and three-exponential models by using the least-
squares algorithm. The following parameters were estimated
from the model: the half-life and volume of distribution
associated with the 1 phase. The following parameters were
estimated by noncompartmental methods (log trapezoidal
rule): the area under the concentration-time curve and the
total clearance from plasma. Imipenem renal clearance was
calculated byAeo-AUCO 8, where Aeo-8 was the amount of
imipenem excreted unchanged in the urine from 0 to 8 h and
AUCr_8 was the area under the concentration-time curve
from 0 to 8 h.

Statistical analysis. A two-tailed, unpaired Mann-Whitney
test was used to determine the statistical significance. A P
value of <0.05 was considered to be statistically significant.
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FIG. 1. Semilogarithmic time-concentration curves for women in

early pregnancy (A), women in late pregnancy (B), and nonpregnant
women (C). The concentrations .0.02 pLg/ml (the lowest measurable
level) are shown as 0.02 ,ug/ml.

RESULTS

Figure 1 shows a semilogarithmic plot of mean plasma
imipenem concentrations versus time of women in early
prepancy, women in late pregnancy, and nonpregnant
women. The peak level in plasma achieved immediately after
the infusion was significantly lower during pregnancy (mean
± SD, 14.7 + 4.9 and 14.9 ± 5.2 ,g/ml in early and late
pregnancy, respectively) than in the nonpregnant state (43 ±
28 ,ug/ml; P < 0.05). At 2 h, the concentrations in plasma
during pregnancy were still significantly lower than in the
nonpregnant state (1.3 ± 0.9, 1.3 ± 0.8, and 2.9 ± 0.9 ,g/ml;
P < 0.05). At 8 h after the dose, levels were unmeasurable
(<0.02 ,g/ml) in most subjects and the highest levels ob-
served were 0.15 ,ug/ml in early pregnancy and 0.08 pg/ml in
the nonpregnant state.
Table 2 shows the pharmacokinetic parameters calculated

for imipenem. The apparent volume of distribution in 1
phase was significantly larger (P < 0.05) during pregnancy
than in the nonpregant state. Imipenem was also cleared
from the plasma significantly faster during pregnancy, at
average rates of 0.7 ± 0.4 liter/min or 13 ± 8 ml min-' kg of
body weight-1 (P < 0.05) in early pregnancy and of 1.0 ± 0.5
ml min-1 (P < 0.005) or 11 ± 5 ml min-1 kg-' (P < 0.05) in
late pregnancy, than in the nonpregnant state, 0.3 ± 0.1
liter/min or 6 ± 1 ml min-' kg-1. The renal clearance of the
drug accounted for 39% of the total clearance from plasma in
early pregnancy, 35% in late pregnancy, and 33% in the
nonpregnant state. The mean area under the concentration-
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TABLE 2. Pharmacokinetic parameters' in women in early pregnancy, women in late pregnancy, and nonpregnant women

Group V CL two AUC CLR Cm.
(n) Liters Liter/kg ml/min ml/min/kg (min) (mg. min/liter) mUmin ml/min/kg (.g/ml)
A (7) 54.7 ± 23.7* 1.0 ± 0.4* 703 ± 365* 13 ± 8* 48 ± 21 862 ± 346* 270 ± 187* 5.1 ± 3.7 14.7 ± 4.9*
B (7) 47.1 ± 14.8t 0.6 ± 0.2t 973 ± 47t 11 ± 5t 36 ± 8 643 ± 326t 301 ± 69t 3.8 ± 1.8 14.9 ± 5.2t
C (6) 18.9 ± 5.8*t 0.3 ± 0.1*t 338 ± 85*t 6 ± 1*t 41 ± 16 1,548 ± 339*t 110 ± 43*t 2.0 ± 0.4 43.0 ± 28.3*t
I Abbreviations: V, volume of distribution associated with 3 phase; CL, total clearance from plasma; tl2p, half-life at , phase; AUC, area under the

concentration-time curve; CLR, renal clearance; Cn,,., maximum concentration of drug in serum. Significant differences (P < 0.05) between the groups are marked
(* and t). 'a

time curve was significantly smaller (P < 0.05) during
pregnancy than in the nonpregnant state. The mean half-life
at 1B phase in plasma did not differ significantly among the
pregnant and nonpregnant women.
Imipenem passes the placenta in considerable quantity.

The concentration in amniotic fluid varied greatly and was
approximately (mean ± SD) 47% ± 39% of the simultaneous
maternal concentration in plasma when sampled 3 h after the
infusion in early pregnancy and 16% ± 25% when sampled
30 min after the infusion in late pregnancy. The imipenem
mean concentration in umbilical venous and arterial blood
was (mean ± SD) 33% ± 12% and 31% ± 13% of that in the
maternal blood (Table 3).

DISCUSSION

Imipenem has an extended spectrum of antimicrobial
activity, excellent pharmacokinetic properties in nonpreg-
nant subjects, and low toxicity (1). No accumulation of
imipenem has been noted in treatment of full-term infants
(15). Imipenem is considered effective and safe in treating
perinatal infections (6), and it has also been used for prema-
ture infants (17).

In pregnancy, the MICs of imipenem for the most common

TABLE 3. Maternal and fetal imipenem concentrations in early
pregnancy and in late pregnancy'

Concn (tLg/ml)" in: Ratio
Subject

mp uv ua af uv/mp af/mp

1 0.17 0.07 0.41
2 0.08 0.07 0.88
3
4 0.69 <0.02
5 0.81 <0.02
6 0.81 <0.02
7 0.57 0.06 0.11
Mean 0.52 0.07 0.47
SD 0.32 0.01 0.39

8 7.6 3.2 3.2 0.68 0.42 0.09
9 9.2 3.4 3.4 1.2 0.37 0.13
10 7.2 2.3 1.9 0.18 0.32 0.03
11 3.4 0.96 0.80 2.2 0.28 0.65
12 3.0 0.72 0.79 0.06 0.24 0.02
13 3.6 0.50 0.42 0.02 0.14 0.01
14 1.9 0.98 0.98 0.52
Mean 5.13 1.72 1.64 0.72 0.33 0.16
SD 2.81 1.22 1.22 0.85 0.12 0.25
a Early pregnancy, subjects ito 7, with sampling 3 h after the infusion; late

pregnancy, subjects 8 to 14, with sampling 30 mm after the infusion.
b The lowest measurable level of imipenem was 0.02 j.g/ml.-, no sample;

mp, maternal plasma; uv, umbilical vein; ua, umbilical artery; af, amniotic
fluid.

pathogens prevail only for 2 h, while in the nonpregnant state
the mean concentration in plasma remains above or at the
MIC for 3 h after the infusion.
Most strains of L. monocytogenes are susceptible to as

little as 0.25 p,g of imipenem per ml (9), and concentrations
at or above this value are observed for as long as 5 h after the
infusion as well as in early pregnancy (mean t SD, 0.3 ± 0.2
,ug/ml) as in the nonpregnant state (0.4 ± 0.3 ,ug/ml) but in
late pregnancy are observed only for 3 h (0.5 ± 0.4 ,ug/ml).
The pharmacokinetic characteristics for the nonpregnant

women correspond well to those reported previously (13).
During pregnancy, however, many of the observed parame-
ters differ significantly from those in the nonpregnant state.
The enlarged apparent volume of distribution is only par-
tially explained by the increased body weight associated
with late pregnancy (Table 1). Imipenem is likely to be
distributed efficiently into the feto-maternal compartment,
since the degree of protein binding in plasma is low, 13 to
21% (7, 18). The clearance of imipenem from plasma is
accelerated, while the renal clearance is not consistently
changed, suggesting accelerated nonrenal clearance of imi-
penem during pregnancy. The half-life of imipenem, being
dependent on both volume of distribution and clearance
from plasma, does not vary considerably among the preg-
nant and nonpregnant subjects.
The transplacental passage of imipenem is noted, and even

therapeutic concentrations are achieved in umbilical blood
and amniotic fluid during late pregnancy. At 30 min after the
infusion the ratio of the umbilical venous and arterial drug
concentrations is 1.05, almost a state of equilibrium. The
elimination of imipenem from the amniotic fluid seems to be
slow, since as late as 3 h after the infusion the feto-maternal
ratio is approximately 47% (in early pregnancy). The ratio of
umbilical venous blood drug concentration to simultaneous
maternal concentration in plasma was 33% 30 min after the
start of the infusion. The same ratio has been reported by
Hirabayashi and Okada to be 30% at the end of a 30-min
infusion of 500 mg of imipenem (12).

In conclusion, the pharmacokinetics of imipenem change
considerably during pregnancy. An adjustment of the dose
should be considered when treating pregnant women with
serious infections.
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