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Outline
• Reflect on the rarity of new concepts in anesthesia 

clinical pharmacology.
• Consider titration as the primary method of getting the 

dose right in anesthesia (posology!).
• Introduce the “drug titration paradox” concept.
• Explore the evidence supporting the concept in patient 

populations (and individuals).
• Review the research implications of the drug titration 

paradox.



Overall Goal
Introduce and explore the “drug 
titration paradox” as a new 
concept in anesthesia related 
clinical pharmacology…



Egan (Br J Anaesth 2022)

Concepts, figures, citations 
summarized here…



Anesthesia Clinical Pharm Concepts

New clinical pharmacology and 
pharmaceutics concepts 
arise infrequently in anesthesiology.

Key Point





Cover Stories in Anesthesiology Clinical Pharmacology

? ? ?



The most important concept 
in anesthesia clinical 

pharmacology…



Perhaps the second most 
important concept in anesthesia 

clinical pharmacology…



A revolutionary advance in 
pharmacodynamic modeling…



A revolutionary advance in 
pharmacokinetic understanding…



Model adjustments for 
covariate effects…



Simulation makes 
sense of the 
PK/PD models…



Advances in propofol 
formulation made 
TIVA possible…



Drugs tailored for 
precision and efficiency…



Technological innovation 
(e.g., pEEG, display 

systems, etc.…).



Enabling practice in the 
concentration domain for 

TIVA…



A new concept in 
anesthesia clinical 
pharmacology…



Big Ideas in Anesthesia Clinical Pharmacology



Anesthesiology Library

ISAP

Collective Contributions
of ISAP Members

The “Drug Titration Paradox” is a new brick in the foundation…



Titration in Anesthesia Posology

For anesthetics, titration is the 
primary approach to getting the 
dose right (i.e., the main 
posological method).

Key Point



“If he says POSOLOGY one more
time I’m gonna kill him!”



Egan (Br J Anaesth 2017)

A last try at popularizing 
the term “posology….”

“Combining the Greek words 
‘posos’ (how much) and ‘logos’ 
(science), posology can be thought 
of more simply as ‘dosology’.”



Anesthesia Posology:  Safe, Effective & Efficient

Kuck & Egan (Br J Anaesth 2017)

Titration is the main 
posological method!

Most Therapeutic Areas Anesthesia Therapeutics

High Therapeutic Index

Low Therapeutic Index



Egan (Anesth Analg 2018)

General Approach to Anesthesia Posology



Titration: the Main Posological Method

How?

Drop by drop 
until “just right.”

Real time, minute by minute dosage 
adjustment is referred to as titration…



Egan et al (Br J Anaesth 2020)

Target Controlled Infusion and Titration

Low HighGAIN

TCI is the most 
sophisticated titration…



For titration in the OR, anesthesiologists 
are the chemists and the pumps and 
vaporizers are the burettes…

Patient



The Drug Titration Paradox

The “drug titration paradox” is 
a new concept in anesthesia 
clinical pharmacology.

Key Point



Schnider et al (Clin Pharmacol Ther 2021)

“We observed paradoxically that 
greater effect was associated with 
lesser dose.”



Really?  Less drug is associated with 
greater effect?  Could that be right?



“It seems impossible. How could more propofol or 
more sevoflurane result in less anesthesia? … It makes 
no sense. In their large … data set, the exposure–
response relationship is turned “up-side down.”

Shafer & Stanski (Clin Pharmacol Ther 2021)



Does the Drug Titration Paradox really 
turn pharmacology upside down?

Haus Schnider Haus Schnider 



Schnider et al (Anesth Analg 2021)



Schnider et al (Anesth Analg 2021)

Propofol Concentration vs. BIS at Steady State

• N = 4585
• GETA by TIVA
• 30 min after incision:

§ Propofol Target Ce
§ BIS Value

Unexpected Observation!



Definition:  The Drug Titration Paradox

When a drug is titrated to a specified 
level of effect in a population of 
patients, the expected positive 
correlation between dose and effect is 
reversed.  

Definition



Schnider et al (Clin Pharmacol Ther 2021)

Hypothesis Illustrated Graphically

Same Dose to All Titration to Same Effect

Sensitive

Typical

Resistant

Sensitive 
Titration 

Down

Resistant 
Titration

Up



Schnider et al (Clin Pharmacol Ther 2021)

Perfect Titration Titration to Same Effect

Same Effect
for All

Average for 
Sensitive

Average for 
Resistant

Hypothesis Illustrated Graphically



Schnider et al (Clin Pharmacol Ther 2021)

Titration to Same Effect

Average for 
Sensitive

Average for 
Resistant

Data as Seen by Analyst

The Paradox
Emerges!

Hypothesis Illustrated Graphically



Egan (Br J Anaesth 2022)

Hints of the Drug Titration Paradox in Practice



The  Paradox & Variability

The “drug titration paradox” teaches us 
a lot about pharmacologic variability.  
The phenomenon arises because “one 
size does not fit all.”

Origins



This is anesthesia’s “Procrustean” problem…

(Berliner Wespen, 30 August 1878)



The dose-response relationship varies 
widely in a population of patients;  
the drug titration paradox emerges 

from this reality…



The Drug Titration Paradox

The “drug titration paradox” is 
supported by at least three 
lines of evidence.

Key Point



Paradox in the Raw Data

Schnider et al (Clin Pharmacol Ther 2021)

Unexpected C-E Relationship
Unexpected C-E Relationship

Unexpected C-E Relationship

@ 30 minutes after incision…



Schnider et al (Clin Pharmacol Ther 2021)

Paradox in the Raw Data (cont.)

Cumulative Distribution
of TCI Targets of 1000 Subjects 
with Greatest Effect @ 30 min

Cumulative Distribution
of TCI Targets of 1000 Subjects 

with Least Effect @  30 min



Schnider et al (Clin Pharmacol Ther 2021)

Paradox in Monte Carlo Simulations

Random Dose Personalized Dose 

N=5000 for each

ü û
Targeted

Effect

Dose Calibrated to
Population D50(p)

Dose Calibrated to
Individual D50(i)

PD ModelTargeted
Effect



Schnider et al (Clin Pharmacol Ther 2021)

1st Titration Step 5th Titration Step

N=5000 for each

Paradox in Monte Carlo Simulations

PD Model

Paradox Emerges!

Paradox greater with wider 
latitude for effect and narrower 
acceptable dose range…

Titration AlgorithmIdentical 1st Dose



Schnider et al (Clin Pharmacol Ther 2021)

Paradox in a Mathematical Proof

Etc., etc., etc…

ü

“By deduction we prove that the 
average dose–effect relationship 
during titration to the targeted 
effect will associate lower doses 
with greater effects.”





Schnider et al (Br J Anaesth 2021)

“…identified the titration paradox in the individual 
data and suggest that changing levels of surgical 
stimulus is the most likely confounding factor that 
accounts for this paradoxical result.”



Schnider et al (Br J Anaesth 2021)

û

û
Paradox Apparent

in Population!

Also Apparent in Most Individuals!
(result of varying stimulus?)

ü

ü ü ü

ü ü

ü ü ü

• Previously published data
• Closed loop alfentanil to control MAP
• N = 11
• Raw data shows “paradox” in most 

individual patients
• Linear mixed effects model did NOT 

properly characterize C-E relationship!



Schnider et al (Br J Anaesth 2021)

“In routine care, where the effect is profoundly influenced by 
varying clinical conditions and drugs are titrated to achieve 
the desired effect, it is nearly impossible to draw meaningful 
conclusions about the relationship between dose and effect.”



Simpson’s Paradox

The “drug titration paradox” is 
a form of Simpson’s Paradox.

Key Point



My family is a bit of a paradox…



Schamberg & Brown (Clin Pharmacol Ther 2021)

“…we seek to provide additional context 
for the titration paradox by elucidating 
its relationship to Simpson’s Paradox…”



Simpson’s Paradox:  a Simple Definition

A trend or result that is present when data are 
aggregated that reverses when the data are 
considered as sub-groups.

• Often counter-intuitive
• Conditional probability issue
• Understanding requires context
• Explained by “confounding” influence

Definition



Simpson’s Paradox:  a Graphical Demonstration



Simpson’s Paradox:  a Simple Example

Height (cm)
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l)

Teens
20s

30s

40s

50s Blocked Shots 
in Basketball

?
Taller players block fewer shots?



Schamberg & Brown (Clin Pharmacol Ther 2021)

Causal Models Associated with 
Various Dose/Effect Scenarios 

Unobserved, 
confounding variable

A common goal of a clinical pharmacology study 
is to establish a dose-response relationship.





Implications of the Drug Titration Paradox

The “drug titration paradox” 
has important implications for 
anesthesiology research.

Key Point



Egan (Br J Anaesth 2022)

The Paradox in the Individual Clinical Patient

NO PROBLEM!



Epinephrine and Blood Pressure science fair project…

What would a student conclude?



Main Research Implication of the Paradox

In the conventional clinical pharmacology 
experiment, drug exposure is the 
independent variable responsible for drug 
effect. But when drugs are titrated, the drug 
effect becomes the independent variable!



Effect

Dose
Low High

Low

High

Conventional Clinical 
Pharmacology Experiment

Main Research Implication of the Paradox

Low

HighLow

High

Effect

Dose
Titration Clinical 

Pharmacology Experiment
Dependent Variable

Independent Variable



Engages Trial “Balanced” Trial

û ü

A Tale of Two Trials…

Does pEEG guided practice reduce delirium?



“We posit that subpopulation-based differences 
within this multicentre substudy could have affected 
delirium occurrence, since the findings appeared to 
rest on outcomes in patients from East Asia.”

Whitlock et al (Br J Anaesth 2021)



“A strong argument could be made for randomisation
to anaesthetic dose (MAC) rather than EEG targets in 
future studies to better determine dose-outcome 
effects.”

Gaskell & Sleigh (Br J Anaesth 2021)



Applicable Casual Diagrams

Gaskell & Sleigh (Br J Anaesth 2021)

Drug exposure confounded 
with the outcome?

Simpler, perhaps preferred
causal diagram…

Engages & Balanced Trials

Alternative Design



Schnider & Minto (Br J Anaesth 2022)

“Whitlock and colleagues base some of their arguments
on the assumption that lower BIS is related to higher
dose (MAC fraction), which ignores the titration paradox.”

Alternative Explanation:  The drug dose was a dependent variable!



Schnider & Minto (Br J Anaesth 2022)

û ü



Egan (Br J Anaesth 2022)

An editorial about a letter, about an editorial, about a RCT!

“This paradox has potentially important implications in
anaesthesiology, especially when applied to clinical studies
that seek to establish a relationship between drug exposure 
and a specified clinical effect or outcome.”



Take Home Points for Research Trials

üRecognize that establishing a exposure-outcome relationship 
is very difficult when titration employed!

üInclude dose-effect plot to confirm titration properly 
performed (if titration part of design…).

üConsider randomization of dose (rather than titration).
üConsider casual diagrams to assist in design.
üBeware drug titration paradox problem in retrospective “big 

data” studies.
üConsider re-examination of some existing trials because of 

“drug titration paradox” problems.

For trials seeking to establish an association 
between drug exposure and outcome:



ISAP

ISAP


