Population pharmacokinetic model for a local
sustained-release hydrogel formulation
containing bupivacaine for the postoperative
pain management after spinal surgery.
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Background
* Spinal surgery often leads to significant postoperative pain.  To overcome this, a sustained-release system was developed for bupivacaine:
* Pain is typically managed with opioids, which have major drawbacks: — Ring-shaped hydrogel implants
— Systemic side effects (e.g., sedation) — Contain crystallized bupivacaine
— Impaired rehabilitation'2. — Co-implanted with pedicle screws in a sheep model
* Local anesthetics offer a non-opioid alternative Primary objective
— But have a short duration of action To develop a preclinical PK model for the sustained-release
formulation of bupivacaine in sheep to predict human exposure.
Methods
Six preclinical experiments Experiments varied in Sampling regime, ring experiment
* 48 sheep * Types and combination of rings * 1to 16 plasma samples/sheep
* Six received a s.c. injection * Number of rings/sheep, e.g. 4, 6, 8 * From 0.5 to 360 hours after implant
* to estimate bupivacaine clearance * Dose perring, 5to 90 mg After 150 mg s.c. injection
Six ring types, which differed in: * Total amount 100-350 mg per sheep » Samples collected at 1, 4, 8, 20, 24,
* Dose, buffer, coating, molecular 32,48, 72 and 96 hours
weight of the biopolymer, etc.
Results

Different common absorption profiles were tested for model development

* Dual, first- and zero-order, saturable Michaelis-Menten absorption, Weibull function and multiple transit compartment models

The PK profiles were best described by a one-compartment model with a first-order absorption process with one transit compartment

» Evaluation of the PK profiles showed flip-flop kinetics, a known phenomenon in modified or extended-release formulations, Figure 134

Parameter estimates are shown in Table 1. Prediction corrected Visual Predictive Check and goodness-of-fit plots, Figure 2&3, showed adequate data description.
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Figure 3. Goodness-of-fit plots for the one-compartment model with
riation. F Bj lability of the subcutan delayed absorption using one transit compartment and linear
variation, - 5.c. BIoavaniability oj the Subcutaneous clearance. The dots are the observed concentrations and stratified per

njection, IIthermdlwc'iual variability, ka Absorption : experiment, the red line is the trend line and the black dashed line the
constant, Prop. Proportional, Vc volume of . o . . line of unity
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Figure 2. Prediction-corrected Visual Predictive Check (pcVPC) for the

final model. Shaded areas are the 95% confidence intervals of the
simulated data (n=1000)
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Conclusion
* A novel sustained-release bupivacaine hydrogel was evaluated in sheep.

 The formulation showed a distinct PK profile with flip-flop kinetics.
 These findings offer valuable insights and support further clinical development of hydrogel-based local anesthetic delivery.
— supporting the potential of this long-acting, localized delivery systems to enhance postoperative recovery
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