Vecuronium Pharmacokinetics in Patients with Major Burns
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Introduction: Burn patients develop resistance to non-depolarizing muscle relaxants (NDMRs) and require large doses to produce desired clinical response. This can be due to pharmacokinetic and pharmacodynamic alterations of NDMRs in relation to the thermal injury. The characteristics of vecuronium disposition in burn injury-related NDMR resistance have not been well investigated. The purpose of the study was to compare vecuronium pharmacokinetics in burns vs. non-burns.

Materials and Methods: Twenty adults, aged 23-58, with > 20% TBSA burn (median 51%), without renal or liver dysfunction, were recruited. Twenty age and sex-matched non-burn patients undergoing elective non-burn surgery served as controls. Anesthesia consisted of propofol continuous infusion and intermittent fentanyl bolus with nitrous oxide and oxygen. Vecuronium 0.12 mg/kg was administered iv as a single bolus. Blood samples were collected at predetermined time intervals (n=20). Plasma drug concentrations were analyzed with HPLC. Lower limit of quantification (LOQ) was 5.0 ng/mL. NONMEM was used for model construction. Pharmacokinetic (PK) parameters were central, rapid, slow inter-compartment clearance (CL1, CL2 and CL3) and volumes of distribution (Vd1, Vd2, and Vd3). Total of 565 data were analyzed and 26% fell below LOQ. Likelihood-based approach was employed to adjust the likelihood of the data below the LOQ. 

Results: Patient characteristics, lab, surgical and burn injury related data are summarized. Concentration decay over time profiles of vecuronium best fit the three-compartment model in both burns and non-burns. A noticeable difference in PK profiles of vecuronium was observed in slow distributional and terminal phases. Patients with burns had a significantly greater inter-individual variability of V2 compared to non-burns (43.83% vs. 15.30%) and higher CL3 (27%) than non-burns, indicating rapid distribution into tissues (Table 1). 

Discussion: Rapid reduction of plasma vecuronium concentration during the terminal phase was due to increased tissue distribution, suggesting enhanced inter-compartmental organ blood flow. BURN was the single most important model influencing covariate.  Large inter-individual variability in vecuronium pharmacokinetics in burns illustrates the unpredictability of drug response, mandating an individualized, careful drug titration for desired clinical effect. 

	Table 1. Vecuronium Pharmacokinetic Parameters in Burns vs. Non-burns.

	
	
	
	Population Mean
	
	Inter-individual Variability (CV%)

	Parameter
	
	
	Model 
Estimate
	Bootstrap 
Median (90% CI)
	
	Model 
Estimate
	Bootstrap 
Median (90% CI)

	CL (L/min)
	
	
	0.51
	0.48 (0.41-0.54)
	
	49.40
	50.75 (40.39-56.87)

	V1 (L)
	
	
	10.25
	9.64 (8.55-10.66)
	
	45.50
	45.86 (38.27-54.58)

	CL2 (L/min)
	
	
	0.66
	0.67 (0.63-0.75)
	
	13.04
	15.34 (11.51-19.22)

	V2 (L)


	Nonburn

Burn
	
	9.70


	9.02 (7.86-9.58)


	
	15.30

43.82
	22.67 (17.80-26.55)

47.97 (44.69-73.05)

	CL3 (L/min)


	Nonburn

Burn
	
	0.095

0.12
	0.090 (0.075-0.092)

0.11 (0.08-0.11)
	
	18.03


	17.85 (12.91-21.39)



	V3 (L)
	
	
	43.79
	41.99 (14.64-44.08)
	
	
	

	Residual Variability

	Proportional Error (%)
	
	13.23
	13.01 (12.28-21.36)
	
	
	

	Additive Error (ng/ml)
	
	2.15
	2.15 (2.06-2.20)
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