
A Life in Anesthetic Pharmacology 
Some of What Goes Around Comes Around



Constant Theme:  It’s 
about the bike
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The Hook  (the bait)
• All Sr Medical Students at Northwestern, applying to Anesthesiology 

residencies, were strongly encouraged to enroll in the Clinical 
Pharmacokinetics seminar that was offered to Pharmacology 
graduate students
• For my Med School class it was Rod Eckenhoff and me
• Later, while I was the TA for the class, it included

• Mark Derschwitz, MD, PhD
• Evan Kharasch, MD, PhD
• Chris Stock, MD

The class was assigned math-intensive homework for which our tools 
consisted of semi-log graph paper and a calculator
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The Hook
• Clinical Base year elective rotation in Clinical Pharmacology
• Every day was a ‘study day’ with one of the projects of the labs’ three PIs

• Samples were spun and analyzed, usually by HPLC, the day they were collected
• Art’s motto:  “Science is the triumph of rigor over reason”

• Mid-month, an immunology fellow who had just given birth showed up ready 
to do the planned-for-the-future Theophylline Breast Milk study that week
• Perception that asthmatics had ‘jittery’ babies

• Everyone in the lab was too busy to study her, so the clin pharm fellow, G Paul 
Stec, told Art, “Let Henthorn do it.”
• Even though no protocol had been developed



ISAP Lifetime

Kidneys on the chest
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The Hook



SAAM is a digital program 
developed for the analysis of data in 
terms of models.  It permits 
simulation and data fitting, and 
contains various techniques in 
model building.

Model building is complicated and 
requires – in addition to intuition and 
speculation—knowledge of 
mathematical and statistical procedures 
and their limitations.  This manual is 
only a brief description of the 
procedures used in SAAM and some of 
their limitations.
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The Era
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Not Kidneys, but Dialysis Chambers

I signed on the 
dotted line!
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Physiologic Basis of Pharmacokinetic Models

Plasma gallamine concentrations were measured 
by the spectrofluorometric method of Ramzan and 
colleagues (1980).  Their modification of this 
method was used to measure gallamine 
concentrations in by spectrophotometric detection 
with the absorbance set at 560 nm.
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Physiologic Basis of Pharmacokinetic Models
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Physiologic Basis of Pharmacokinetic Models

Diffusion coefficient (volume/time)

ClB = ClP/[(1-Hct) + Hct(RBC/Plasma)]

𝐶𝑙 = 𝑄(1 − 𝑒!"/$)
Renkin Equation

PF = QF ln[QF/(QF – ClF)]
PS = QS ln[QS/(QS – ClS)]
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Physiologic Basis of Pharmacokinetic Models
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Karolinska Institutet: Huddinge Hospital
Lars Gustafsson

Julbocken
1983-84
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Physiologic Basis of Pharmacokinetic Models

Homer TD, Stanski DR.   Anesthesiology, 1985
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Physiologic Basis of Pharmacokinetic Models
Did somebody say physiology??



Anesthesia Pharmacokinetic Swat Team

Experimental Design and Conduct
Keeper of ‘Real’

Laboratory Manager
Language Cop

Protector
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Physiologic Basis of Pharmacokinetic Models

• Drug and physiologic markers
• indocyanine green - intravascular space, mixing
• antipyrine - total body water, flow-limited diffusion
• e.g.,lidocaine – partitions to lung and other tissue

• Rapid central venous injection
• Nearly continuous arterial sampling
• Cross fingers that a model of the data could be constructed

Recirculatory in vivo pk experimental paradigm:



ISAP Lifetime

Physiologic Basis of Pharmacokinetic Models
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“Science is the triumph of rigor 
over reason.”
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Physiologic Basis of Pharmacokinetic Models

mtt = n/k
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Physiologic Basis of Pharmacokinetic Models
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CO = Dose/AUC

Vd = MTT * CO
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Physiologic Basis of Pharmacokinetic Models
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2000-2016:  Years as Department Chair, 
University of Colorado

Journal Club
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2000-2016:  Years as Department Chair, 
University of Colorado
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2016 - :  Anesthesiology Department Chair



Piet Hein van der Graaf, PhD – LU, Pharmacology

Albert Dahan, MD, PhD and Erik Olofsen, PhD – LUMC, Anesthesiology





MARNIX�J��SIGTERMANS

+ETAMINE�S�SECOND�LIFE
4REATMENT�OF�ACUTE�AND�
CHRONIC�PAIN

#HRONIC�PAIN�IS�A�WIDESPREAD�CONDITION�IN�THE�
GENERAL�POPULATION��&OR�THIS�REASON��CHRONIC�
PAIN�MANAGEMENT�HAS�RECEIVED�INCREASED�
ATTENTION�IN�RECENT�YEARS��BOTH�IN�CLINICAL�
PRACTICE�AND�IN�SCIENTIl� C�RESEARCH�
4HIS�THESIS�DESCRIBES�A�SERIES�OF�EXPERIMENTS�
WHICH�STUDIED�THE�EFl� CACY�AND�SAFETY�OF�
KETAMINE�IN�SUBANESTHETIC�DOSES��"OTH�
HEALTHY�VOLUNTEERS�AND�CHRONIC�PAIN�
PATIENTS�WERE�RECRUITED�FOR�THESE�STUDIES��
4HE�SPECIl� C�CHRONIC�PAIN�CONDITION�STUDIED�
IN�THESE�EXPERIMENTS�WAS�#OMPLEX�2EGIONAL�
0AIN�3YNDROME�TYPE����WHICH�IS�CHARACTERIZED�
BY�CHRONIC�PAIN�AFFECTING�ONE�OR�MORE�

EXTREMITIES��)T�IS�VERY�DIFl� CULT�TO�TREAT�THIS�
CONDITION�WITH�CURRENT�PHARMACOTHERAPEUTIC�
INTERVENTIONS��(OWEVER��ONE�OF�THE�STUDIES�
IN�THIS�THESIS�SHOWED�THAT�A�CONTINUOUS�
KETAMINE�INFUSION��LASTING�FOR�SEVERAL�DAYS��
CAN�HAVE�A�PROLONGED�EFFECT�IN�REDUCING�PAIN�
SCORES�FOR�UP�TO�SEVERAL�WEEKS��DESPITE�RAPIDLY�
DECREASING�KETAMINE�PLASMA�CONCENTRATIONS�
AFTER�TERMINATION�OF�THE�INFUSION	�
)N�ADDITION��EXPERIMENTS�IN�BOTH�HEALTHY�
VOLUNTEERS�AND�PATIENTS�WERE�PERFORMED�
TO�STUDY�THE�PHARMACOKINETICS�AND�
PHARMACODYNAMICS�OF�KETAMINE�IN�
SUBANESTHETIC�DOSES�
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Physiologic Basis of Pharmacokinetic Models

Anesthesiology 2018; 129:260-70
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Physiologic Basis of Pharmacokinetic Models

CUNMIXED = Infusion Rate / CO
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Physiologic Basis of Pharmacokinetic Models

Upton RN. British Journal of Anaesthesia 92 (4): 475-84 (2004)

CUNMIXED = Infusion Rate / CO
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Pleasant Lake, Wisconsin

Spring = Drug Infusion Cold Jet = Unmixed Arterial Blood Pleasant Water = VC
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Physiologic Basis of Pharmacokinetic Models

Question:  If CUNMIXED = Infusion/CO, what happens to Ca in low 
cardiac ouput states?

Corollary Question:  What happens to context-sensitive Ca in 
low cardiac output states?
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Physiologic Basis of Pharmacokinetic Models
Anesthesiology 2018; 128:912-20



ISAP Lifetime

Physiologic Basis of Pharmacokinetic Models

After 3h of infusion, the simulated 
context-sensitive half time for a CO 
of 7 l/ min was approximately eight 
times longer than for a CO of 3 
l/min. This is surprising, because 
one may expect a more rapid 
decrease in plasma concentrations 
with increased drug clearance due 
to increased CO. 

Anesthesiology 2018; 128:912-20
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Physiologic Basis of Pharmacokinetic Models

Homer TD, Stanski DR.   Anesthesiology, 1985
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