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Understanding and applying fundamental pharma-
cokinetic (PK) and pharmacodynamic (PD) con-
cepts assist anesthesiologists to dose anesthetic 

agents on a rational basis. However, to dose the individual 
patient, characterization of variability is required. There are 
numerous sources of variability. Obesity is 1 source that was 
mostly disregarded for many years but has been getting 
more attention recently.

Using target-controlled infusion (TCI) devices, a now 
relatively old technology (that is unfortunately still unavail-
able to the American clinician), a plasma or effect-site con-
centration can be rapidly attained and maintained. The 
concentration can be adjusted quickly to match the patient’s 
requirement during surgery.

In 2003, Drs Egan and Shafer1 compared TCI to surf-
ing. Comparing the concentration-effect relationship to a 
wave, the authors described an optimal dosing strategy that 
allows the clinician to “surf” the crest of the wave, thereby 
maintaining a desired therapeutic effect while being able to 
terminate the effect with small changes in concentration. To 
stay on the crest of this concentration-response “wave,” cli-
nicians rely on 3 fundamental pharmacologic concepts: PK 
guidance, PD guidance, and a rational selection of a specific 
drug with the appropriate kinetic and dynamic properties 
suitable for the case and patient. The fundamental principle 
of “surfing” this concentration versus effect crest is that a 
given effect-site concentration will produce a given effect, 
irrespective of time.

Introducing the reader to big-wave surfing, Warshaw2 
described the sport as “a new and uncharted branch of sci-
ence—something to be researched, studied, and practiced.” 
The avid big-wave surfer will most certainly attest that the 
surfing a waist high set on a beach in Southern California 
is much different than surfing a 40-foot behemoth off the 
coast of Maui. In keeping with the surfing analogy by Egan 

and Shafer,1 it seems unwise then for an anesthesiologist to 
attempt to stay on the crest of the morbidly obese patient’s 
concentration-response “wave” using TCI systems based on 
PK/PD models that have excluded obese individuals.

In addition to changes in body composition, obese subjects 
have significant comorbidities that can alter drug kinetics and 
dynamics, for example, diabetes mellitus, coronary artery 
disease, hypertension, and other intercurrent drug therapies.3 
The changes in pharmacokinetics and pharmacodynamics 
associated with obesity not only narrow the therapeutic indi-
ces of our anesthetic agents but also change the shape and 
steepness of the concentration-effect curve (Figure).

The drawbacks of using PK models derived from non-
obese subjects for TCI in obese individuals have been well 
defined.4 La Colla et al5 administered propofol to obese sub-
jects via TCI guided by the Marsh et al6 model and found 
unacceptable performance, regardless of weight adjustment, 
indicating that this model cannot be used in this patient 
population.5 La Colla et al5 recommended that propofol 
administration to morbidly obese patients be titrated to pro-
cessed-electroencephalography values to avoid awareness.

Five years later, in their study examining performance 
of propofol TCI in obese subjects, Cortínez et al7 showed 
that using adjusted body weight as opposed to total body 
weight improved the performance of the propofol PK 
models described by Marsh et al6 and Schnider et al.8 The 
authors defined the adjusted body weight as the ideal 
body weight plus 40% of the difference between total and 
ideal body weight.

In this issue, Cortinez et al9 have created an elegant PK 
model of propofol using data from studies specific to obese 
individuals. They combined this PK model with observed 
PD data to allow effect-site TCI. This model—derived exclu-
sively from obese subjects—performed nicely in a prospec-
tive validation in 14 subjects and compared equally to the 
model described by Eleveld et al.10 The major difference 
between these 2 models is that the model described by 
Cortinez et al9 scaled clearance linearly to total body weight, 
while the model developed by Eleveld and colleagues10 
used an allometric approach. The difference in weight-scal-
ing approaches (linear versus allometric) may be due to the 
weight ranges of the subjects in each study. Cortinez et al9 
investigated only obese subjects, while Eleveld and his co-
investigators10 (including LI Cortinez) included obese and 
normal-weight subjects in their study.

Previous PK models of propofol developed for obese 
subjects found a nonlinear relationship between total 
body weight and clearance.10–12 Cortinez et al9 did explore 
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allometric relationships between total body weight and 
clearance but found equal performance with linear models. 
While the merits of allometric scaling can be debated,13 they 
are beyond the scope of this editorial. Clinicians who cannot 
use TCI pumps (ie, in the United States) and choose to man-
ually calculate dosing schemes will appreciate the selection 
of this simpler model by Cortinez et al.9 Granted, while this 
model can be celebrated for its simplicity, it must be noted 
that, because the model was developed using only obese 
subjects, use of this model beyond this specific patient pop-
ulation (ie, in normal-weight subjects) is not recommended.

Users of TCI systems will appreciate that Cortinez and 
colleagues9 combined their PK model with PD data to allow 
effect-site targeting. The benefits of effect-site targeting over 
plasma targeting are well documented. Targeting the effect 
site rapidly achieves a therapeutic peak effect-site concen-
tration with only a transient overshoot in plasma concen-
tration.14 The time-to-peak effect occurs while the plasma 
drug concentration is decreasing.14 Second, the fact that this 
study integrates PK and PD data obviates the calculations 
necessary to link PK-only data to PD models.15

Cortinez et al9 caution that the use of this model may 
result in an underdose in normal-weight subjects. Near–
steady-state concentrations during infusions are governed 
by elimination clearance. Propofol clearance normal-
ized to total body weight (mL−1·kg−1·minute−1) increases 
with decreasing weight (ie, obese versus normal-weight 

subjects). Therefore, the extrapolation of this obesity-spe-
cific model to normal-weight subjects may result in an 
underestimation of clearance and the aforementioned risk 
of underdose. While the magnitude of this underdose is 
difficult to predict, the risk of awareness due to underdos-
ing cannot be ignored. Some may view this lack of model 
generalizability as a limitation. However, there is no one-
size-fits-all approach to drug delivery. More studies such as 
this one that validate TCI drug delivery to specific patient 
populations with narrowed therapeutic indices are neces-
sary and long overdue. E
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Figure. Concentration-effect sigmoid curves for normal-weight and 
obese subjects. The concentration-effect curve is steeper for obese 
subjects (γ = 2.5) compared to normal-weight subjects (γ = 2). The 
gray-dashed lines denote the therapeutic index (concentration of 
drug required to stay on the crest of the curve). In this example, the 
therapeutic index is 80%–95% of the maximum effect. The therapeu-
tic index is narrowed in obese subjects compared to normal-weight 
subjects.
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