Pharmacokinetics of Ondansetron in Non-Pregnant Women and Parturients Undergoing Cesarean Section
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Background/Introduction: Ondansetron (OSN) is a potent and selective antagonist of 5-HT3 receptor that is used for management of post-operative nausea and vomiting in cesarean surgery (CS) patients under epidural anesthesia. 1 The objectives of this study were to investigate the effect of pregnancy on OSN disposition; characterize the pharmacokinetics (PK) of OSN in parturients undergoing elective CS and their neonates with consideration of transplacental delivery to fetus unit.

Methods: Twenty non-pregnant, and forty pregnant women were enrolled. Blood samples were taken prior to receiving 4 or 8 mg OSN, 7, 15, and 40 minutes, and 8 hours following the administration. Blood samples were collected from the umbilical cord venous blood at delivery, and from neonates 30, and 90 minutes, and 2, 6, and 24 hours after birth.  A total of 78 non-pregnant women, 191 maternal, 37 umbilical cord blood, and 65 neonatal OSN concentrations were analyzed simultaneously using the non-linear mixed effects modeling software (NONMEM), to estimate OSN population PK parameters. Pregnancy, dosing level, women weight, neonatal weight at birth, women age, gestational age, and neonatal gender were evaluated as potential covariates using stepwise forward addition approach and likelihood ratio testing. The final model was validated using visual predictive check (VPC). 

Results: An open two-compartment model best described the women’s data. The umbilical cord compartment (fetal unit) was assumed to be in equilibrium with the maternal central compartment. After birth, the cord compartment evolves to a neonatal one-compartment model with distinct first-order elimination pathway. Population parameter estimates with their between-subject variability are shown in Table 1. OSN disposition was not significantly affected by pregnancy. Dosing level was the most important covariate for OSN PK. OSN clearance and steady-state volume of distribution decrease by 31, and 26%, respectively, by increasing the dose from 4 to 8 mg. OSN concentrations in umbilical cord blood is ~50% that in maternal blood. Elimination half-life of OSN in newborns is 2.5 times longer than β-half-life in adults on the 4 mg dose. Graphical evaluation of the model suggested acceptable performance (Figures 1 and 2). 

Conclusion: Disposition of OSN follows a bi-exponential pattern. OSN exhibits pregnancy-independent but dose-dependent kinetics. OSN readily crosses placenta and exhibits longer half-life in neonates, compared with adults. 
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T Point estimate Log-likelihood Residual Between-subject
(%SE) 95% C.L Variability (% CV) | variability (%CV)

Women: 21.6
CL (L/h) 40.1
CL, 21.8(6.7) 172,272
6., 0.689 (11) 0.522,0.915
V(L) 27.9 (17) 13.6,45.0 56.1
O (L/h) 329 (9.5) 256,401 51.3
Ve @) 324
Vsso 167 (4.7) 140, 198
0. 0.745 (7.8) 0.609 ,0.911
Cord: 235
K, 0.470 (5.1) 0.435,0.509
Neonates: 219
K, (1/h) 0.046 (6.2) 0.040 , 0.052 29.6

%SE: relative standard error; CV: coefficient of variation; C.I.: confidence interval; CL:
clearance in women; CL,: clearance for 4 mg dose; 6, : fractional change in CL,for the
8 mg dose; V: distribution volume in women; Q: inter-compartmental clearance in
women; Kp: placenta-to-blood partition coefficient; K,,: neonatal elimination rate.
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Figure 1. Visual predictive check of the final pharmacokinetic model for ondansetron concentrations in
non-pregnant and pregnant women following the administration of 4 mg and 8 mg doses. Dashed lines
represent the Sth, 50th, and 95th percentile of observed concentrations. Shaded areas represent the 95%
C.I for the 5th, 50th, and 95th percentile of simulated concentrations. Points represent the observed
concentrations.
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Figure 2. Visual predictive check of the final pharmacokinetic model for ondansetron concentrations in cord (A), and
neonatal (B) blood. Dashed lines represent the Sth, 50th, and 95th percentile of prediction-corrected observed

concentrations. Shaded areas represent the 95% C.I. for the 5th, 50th, and 95th percentile of prediction-corrected
simulated concentrations. Points represent the prediction-corrected observed concentrations.





