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Changes in pharmacokinetics : hypnotics and analgesics

• Problems with obesity in anesthesia : 

• Most drugs are given using standard-dosing guidelines without knowledge of their pharmacokinetics 
…. “anesthesiologists are very good in titrating drugs based on their clinical intuition ”. (S.L. Shafer 1998) 

• Pharmacokinetic data are obtained from studies with normal-weight individuals

• Most dosage recommendations are scaled to TBW

• Alterations in distribution volume, clearance and protein binding, pharmacodynamics



“TBW is not always right and might lead to overdose”… 
certainly dangerous in a spontaneous-breathing sedated 
patient.  

“We need to provide the scientific foundation to get the 
dose just right so we can help prevent the complications 
that arise when close isn't close enough.”

Does size matter ? 



Size descriptors



• BMI

• Definition: weight (kg) /height² (m²)

• Classification:
• IBW = 22-28

• Obesity = 29-35

• Morbid obesity >40 or >35 with comorbidity

• Super obesity >55

Size descriptors



• LBM or LBW

• Definition [James et al]:
• men: [1.10 * weight] - [128 * (weight/ height)²]

• women: [1.07 * weight] - [148 * (weight/ height)²]

• Definition [Janmahasatian et al]:
• men: 9270 * weight/(6680 + 216 * BMI)

• women: 9270 * weight/(8780 + 244 * BMI)

Size descriptors



• IBW

• Definition [Abernethy et al]:
• men: 49.9 + 0.89 * [height (cm) - 152.4]

• women: 45.4 + 0.89 * [height (cm) - 152.4]

• Broca Index:
• men: height (cm) - 100

• women: height (cm) - 105

Size descriptors



Size descriptors

Al-Sallami fat free mass calculation : 

Dubois Equation for Body Surface Area calculation : 

• Fat Free Mass : 



For PK modeling usually:

• Volumes (l) scale linearly with size

• Clearances (l/min) scale to size to the power 0.75

Size descriptors : allometric scaling



Hypnotics and opioids and the obese patient



• Advantages compared with IV anesthetics

• MAC (analgesic effect) and MAC-awake (absence of memory) correlate with the end-tidal 
concentrations of the anesthetics

• End-tidal concentration ~ age and temperature, but weight correction is not necessary

• Permanent monitoring of end-tidal concentration possible

• Stable ratio between arterial partial pressure and end-tidal partial pressure

• Optimization in inhaled drug administration by using “inhalation bolus technique” and closed-
circuit anesthesia systems

Volatile anesthetics and the obese patient



-BIS guided sevo or des with the 
use of “inhalation bolus 
technique”

-Remifentanil guided by 
hemodynamic responses. 

Volatile anesthetics and the obese patient



Intra-operative results
• Hypertension (% of time)   : sevoflurane = desflurane

• Hypotension (% of time)    
• Overall : sevoflurane > desflurane
• Bolusperiod : sevoflurane = desflurane

• Hypnotic stability (BIS) 
• Overall : sevoflurane > desflurane
• Bolusperiod : desflurane more overshoot than sevoflurane

• Immediate recovery : desflurane faster than sevoflurane (2 min !)

• Recovery : - sedation score : sevo=des
- Aldrete score = sevo = des
- Oxygen saturation : sevo = des
- VAS pain scores : sevo = des
- PONV : at 30 and 60 min : sevo = des

at 120 min : sevo < des

Volatile anesthetics and the obese patient



• Midazolam
• Linear increased Vd and elimination half-life, but unchanged total clearance 

values [Greenblatt et al]

• Continuous infusion ~ IBW [Reves et al]

Intravenous drugs and the obese patient



• Thiopental
• Increased Vd and elimination half-life, but unchanged total clearance values 

[Buckley et al]

• Adequate dosage: 7.5 mg/kg IBW [Buckley et al]

Intravenous drugs and the obese patient



• Analgesics & opioids

• Alfentanil
• Decreased clearance and prolonged t ½ ß, but unchanged max. plasma concentration and Vd 

-> LBM

[Bentley et al]

• No effect on clearance, but increased central compartment volume       -> TBW 

[Maître et al]

Intravenous drugs and the obese patient



• Analgesics & opioids
• Fentanyl

• No difference in beta-elimination half-life (t ½ ß)

[Bentley et al]

Shibutani et al : 
The Shibutani correction for the Cp : Corrected Cp = Cp Shafer * (1 + (196.4 * e -0.025kg – 53.66)/100)

• Fentanyl, alfentanil and remifentanil
• Dosage ~ corrected BW 

• Decreased arterial pressures after induction, but in all groups within acceptable limits 

[Salihoglu et al]

Intravenous drugs and the obese patient



• Analgesics & opioids
• Sufentanil

• Prolonged t ½ ß and increased Vd

• Loading dose ~ TBW 

[Schwartz et al]

• Maintenance dose must be prudently reduced

• Pharmacokinetic set of Gepts et al -> accurately prediction of sufentanil plasma 
concentrations in morbidly obese patients, but BMI > 40 -> overestimation of 
sufentanil plasma concentration [Slepchenko et al]

• TCI using Gepts model -> no weight correction necessary but no obese patients 
in study population!

Intravenous drugs and the obese patient



• Analgesics & opioids
• remifentanil   

• Maintenance dose ~ age and LBM 

[Minto et al]

• Maintenance dose ~ LBM

[Egan et al]

Intravenous drugs and the obese patient



• Analgesics & opioids
• remifentanil   

• Maintenance dose ~ age and LBM 

[Minto et al]

• Maintenance dose ~ LBM

[Egan et al]

Intravenous drugs and the obese patient



• Propofol

• Induction dose ~ IBW 
[Gepts et al, Kirby et al, Redfern et al]

• Plasma propofol concentration at the end of surgery after a fixed rate infusion ~ TBW 

[Hirota et al]

• No accumulation in morbidly obese patients if dosage for maintenance of anesthesia 
~ corrected BW [Servin et al]

• corrected body weight = IBW + (0.4 * excess weight)

Intravenous drugs and the obese patient



Intravenous drugs and the obese patient



• Propofol : In Europe we have TCI ? Can we use it in obese patients ? 

• Pharmacokinetical models predict a set concentration in one of the 
pharmacokinetical compartments

• These models have been implemented into TCI devices to rapid achievement 
and maintenance of the desired predicted concentration in a specific 
compartment 

…. We learned a lot on PKPD in obese patients ! (propofol as an example) 

Target-controlled infusion and the obese patient



• A computer-assisted drug infusion

• Aim is to achieve user-defined ‘target’ concentration at the plasma or 

“effect-site”

• On start-up user must

– Select the drug and elect pharmacokinetic-dynamic model

– Input patient characteristics (weight, height, age, gender, ...)

• System implements required infusion rates to reach and maintain target 

concentration

• User can increase or decrease target concentration

target-controlled infusion (TCI)

SYRINGE PUMP

PKPD MODEL

TCI ALGORITHM



Propofol US Smpc (FDA)



Propofol TCI models

Propofol : Marsh model (Marsh et al. BJA 1991;67:41-48)

Vc = 0.228 * weight (L*kg)

k10 = 0.119/min

k12 = 0.112/min

k13 = 0.0419/min

k21 = 0.055/min

k31 = 0.0033/min

k41 = 0.26/min   (extracted from not related data by Schüttler et al). 

Propofol : Schnider model

V1 = 4.27 L

V2 = 18.9 L-0.391*(age-53)

V3 = 238 L

Cl1 = 1.89 + 0.0456*(weight-77) - 0.0681*(lbm-59) + 0.0264*(height-177)

Cl2 = 1.29-0.024*(age-53)

Cl3 = 0.836

k41 determined by tPeak=1.6min or ke0 = 0.456/min
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Propofol TCI models



General purpose propofol PK-PD model

PK :11530 arterial, 3903 venous samples from 1033 individuals over an age range of 27 weeks PMA to 88 years, and a    

weight range was 0.68 kg to 160 kg. 

PD : 28639 BIS observations from 122 individuals over an age range of 3 to 74 years and a weight range of 15 to 141 kg.



General purpose propofol PK-PD model
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General purpose propofol PK-PD model



General purpose propofol PK-PD model (only arterial model)

Fsize = weight / 70

Fage(x) = exp(-x*(age - 35))

Fsigmoid(x, e50, gamma) = x**gamma / (x**gamma + e50**gamma)

Fcentral = Fsigmoid (weight, 33.6, 1)

Fopiates(x) = absence: 1, presence: exp(x*age)

Fmatcl = Fsigmoid (post-menstrual age, 42.3 weeks, 9.06)

Fsexcl = male: 1.79, female: 2.10

Fmatq3 = Fsigmoid (age + 40 weeks, 68.3 weeks, 1)

V1 = 6.28 * (Fcentral(weight) / Fcentralref)

V2 = 25.5 * Fsize * Fage(-0.0156) 

V3 = 273 * (FFM / FFMref) * Fopiates(-0.0138)

Cl1 = Fsexcl * Fsize**0.75 * (Fmatcl / Fmatclref) * Fopiates(-0.00286)

Cl2 = 1.75 * (V2 / V2ref)**0.75 * (1 + 1.3 * (1 – Fmatq3))

Cl3 = 1.11 * (V3 / V3ref)**0.75 * (Fmatq3 / Fmatq3ref)

ke0 = 0.146 * Fsize** - 0.25

E50 = 3.08 * Fage (-0.00635)

FFM(weight, height, sex) = Al-Sallami equation (Al-Sallami HS, et al. Prediction of fat-free mass in children. Clin Pharmacokin 2015;54:1169-78)

Subscript ref are calculated for a 70 kg, 35 year, 170 cm, male, full term (40 weeks)
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General purpose propofol PK-PD model



General purpose propofol PK-PD model



Take home message

• Hypnotics/analgesics should not be administered in obese patients using standard-dosing guidelines 
without knowledge of their pharmacokinetics in this population.  

• Pharmacokinetic/dynamic data should obtained from studies with normal-weight and obese individuals

• Aside “size”, other demographic covariates should be considered 



Take home message


