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Background/Introduction: Prophylactic antibiotics reduce febrile morbidity, wound infections, and endometritis following cesarean section (CS).1 The objectives of this study were to describe the pharmacokinetics (PK) of cefazolin (CFZ) in pregnant women undergoing elective CS and their neonates with consideration of transplacental delivery to the fetus unit; and to evaluate CFZ dosing level and timing of administration in preoperative prophylaxis and their impact on safety in newborns.

Methods: Twenty pregnant women undergoing elective CS received 1g CFZ. Maternal blood samples were collected before, during, and after delivery. Blood samples were taken from the umbilical cord at delivery and from neonates 24 hours after birth. A total of 98 maternal, 19 cord, and 19 neonatal plasma concentrations were analyzed simultaneously using the non-linear mixed effects modeling software (NONMEM), to estimate CFZ population PK parameters. The model was validated using bootstrap and visual predictive check (VPC). Placental transfer was computed as the ratio of cord-to-maternal predicted plasma concentrations at delivery time. The model was used to simulate CFZ plasma concentration-time profiles in 1000 pregnant women and their neonates following the administration of 1-2 g CFZ at 15-120 min prior to scheduled CS. The probability of maintaining free plasma concentrations ≥8 mg/L (the minimum inhibitory concentration (MIC) for susceptible bacteria2) in maternal and cord blood during CS; and area under concentration-time curve from 0 to 36 hours (AUC0→36) in neonates were calculated. 

Results: One-compartment model with delivery-adjusted clearance best described the maternal data. The cord plasma concentrations were fitted to an effect compartment that evolves after delivery to a neonatal one-compartment model with distinct first-order elimination pathway. Graphical evaluation of the model suggested acceptable performance (Figure 1). Population parameter estimates with their between-subject variability and bootstrap statistics are shown in Table 1. Close agreement between parameter estimates and bootstrap median values (Table 1) indicates that the model is robust and stable. Our analysis shows that CFZ clearance increases by 74% during pregnancy, elimination half-life in newborns is 3 times longer than that in non-pregnant adults, and placental transfer is high (49%). Simulations revealed that probability of maintaining free plasma concentrations above 8 mg/L during a scheduled cesarean surgery was < 50% in the cord blood, but > 70% in the maternal blood when CFZ was administered in doses < 2 g or administered < 1 h before delivery. In neonates, all doses produced AUC0→36 less than an external intravenous 30 mg/kg, a dose safely used in this population.

Conclusion: CFZ clearance increases during pregnancy and larger doses are recommended for surgical prophylaxis in pregnant women in order to obtain the same antibacterial effect in surgical patients who are not pregnant. CFZ has a longer half-life in neonates as compared with adults. Maternal administration of up to 2 g of CFZ is produces exposure within clinically approved limits in neonates.
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[image: image1.png]Table 1. Population pharmacokinetic model parameter estimates and bootstrap statistics from 1,000

data replicates.

Between-subject

Bootstrap median

Parameter st
(%SE)
Maternal clearance (L/h)
Before delivery 7.18 (7.8)
After delivery 4.12 (7.7)
Maternal distribution volume (L) 9.44 (7.1)
Maternal-to-umbilical cord equilibration
rate constant (1/h) B0 @EL0)
Neonatal elimination rate constant (1/h) 0.136 (5.2)

variability (%) [95% C.L]
19
7.11 [6.13 , 8.17]
4.12 [3.56 , 4.80]
9.43 [8.36 , 11.0]
80 0.329 [0.230 , 0.558]

0.135 [0.116 , 0.151]
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Figure 1. Visual predictive check of the pharmacokinetic model showing comparison between the median (dashed line) and 90% prediction

interval (shaded area) obtained from 1,000 simulations and the observed data (points) for CEF concentrations in maternal (A), cord (B), and

neonatal (C) blood.




