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don’t know whether

Ted Eger, Larry Saidman,
Bob Stoelting, Peter Wagner, and
Goéran Hedenstierna joined for
dinner recently, but the article by v
Kretzschmar et al! in this issue '
of AngesrhesioLocy might very well
have been the result of misters
MAC (minimal alveolar concen-
tration)>* and misters MIGET
(multiple inert gas elimination
technique)>® getting together. The
former three developed the MAC
and MAC-awake concepts, reflect-
ing the probability of immobility

gradients of inhaled anesthet-
ics are small or nonexistent,
but on the other hand, we
| use these same inhaled agents

to study V,/Q scatter based
on A-a gradients! The work
by Kretzschmar et al.! is the
first in which MIGET is used

0
“ 4 ¥V 5 to help elucidate the finer

aspects of anesthetic agent
uptake. The authors deter-

- dha i mined in an animal model
O,) how  methacholine-induced
= V,/Q mismatching (assessed

Ll by MIGET) affects

agent

in the presence of a nociceptive
and

bal command, respectively, when

stimulus response to ver-
using inhaled anesthetics to pro-
vide general anesthesia, whereas
the latter two used inhaled agents
as some of the components of
MIGET to determine the distribu-
tion of ventilation/perfusion ratios
(VA/Q) in the lungs. MAC is based
on end-expired agent partial pres-
sures measurements at steady state.
However, in discussions of uptake
and distribution, Alveolar—arterial
(A-a) partial pressure gradients are
often glibly passed over and con-
sidered to be insignificant. On the
other hand, MIGET determines
V,/Q scatter based on simultane-
ous end-expired and arterial blood
agent partial pressure measure-
ments of six inert gases after intravenous infusion.’ The
underlying basis is that the wide differences in solubil-
ity of these six gases cause them to be washed out dif-
ferently by areas with differing V,/Q ratios, resulting in
widely divergent A-a differences. Some of these gases are
inhaled anesthetics (usually cyclopropane, halothane, and
ether). So, on the one hand we like to assume that A-a

“Approximations and
assumptions.. . facilitate
the use of drugs or devices
in our day-to-day clinical
practice....But in clinical
research, reliance on
outputs from models,
systems, or devices with
limited external validation
has serious risks...yet is
becoming increasingly
common in anesthesiology.”

uptake of two clinically used
agents with different blood—
gas partition coefficients, iso-
flurane and desflurane. They
are to be commended for this
approach, but some aspects
relating to methodology have
to be scrutinized.

To calculate agent uptake
using Fick’s method, one needs
to measure arterial and mixed-
venous blood content (i.e., the
product of partial pressure and
blood solubility) and cardiac
output. However, the inves-
tigators did not directly mea-
sure blood solubility, and, even
more importantly, to determine
agent partial pressure in blood
using micropore membrane

inlet mass spectrometry, they
calibrated the device assuming that, before methacholine
administration, there would be no A-a difference for either
of the agents. This is a somewhat surprising assumption,
because an increase in V,/Q scatter is almost universal in
humans under general anesthesia, resulting in A-a partial
pressure differences of 15 to 35% for the modern vola-
tile agents during maintenance.”” In addition, measuring
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these parameters would have helped clarify the mathematic
predictions of anesthetic gas behavior 7z vivo on which we
have previously relied to grasp how these agents behave.
Fortunately, however, at least for the purpose of this study,
these limitations are probably not critical ones. Their data
show that the mean A-a difference for carbon dioxide
before methacholine was not significant, implying that
overall V,/Q scatter in their pigs at baseline was minimal.
This was further supported by the narrow V,/Q distribu-
tions that they measured at baseline using MIGET. Finally,
A-a differences are unlikely to heavily affect the comparison
of the uptake of the two agents, which is the primary objec-
tive of the study.

Approximations and assumptions like considering A-a
partial pressure gradients to be insignificant in discus-
sions of uptake and distribution facilitate the use of drugs
or devices in our day-to-day clinical practice. As another
example, target-controlled infusion (TCI) helps in the
rational administration of propofol as long as TCI targets
are modified by the anesthesiologist in response to clini-
cal observation of both depth of anesthesia in the patient
and the intensity of the nociceptive stimulus of the pro-
cedure. The clinician should understand both the limited
accuracy of predicted plasma and effect site concentrations
in a given patient, as well as the variable relationship of
these predicted values to pharmacodynamic endpoints
like anesthetic depth or bispectral index. Indeed, in clini-
cal practice it is recommended that these systems never be
used uncritically. But in clinical research, reliance on out-
puts from models, systems, or devices with limited external
validation has serious risks (creation of false knowledge),
yet is becoming increasingly common in anesthesiology.
An example is the use of TCI model predictions instead of
measurements of plasma concentrations of drugs such as
propofol, which can lead to similar concerns about the reli-
ability of conclusions drawn from studies on intravenous
anesthesia.' An additional example is the use of cardiac
output monitors such as pulse contour devices for hemo-
dynamic studies. These devices frequently use opaque,
proprictary algorithms to estimate stroke volume from
peripheral pulse pressure without individual calibration in
a given patient. Although they are designed for convenient
and minimally invasive clinical use, conclusions reached
about hemodynamic relationships and physiology using
uncalibrated devices will remain unclear. Concerns about
the assumptions we make when using such black box tech-
nologies have been raised before, such as the use of pro-
cessed electroencephalogram devices like bispectral index
to monitor depth of anesthesia.!’ At best we risk merely
validating only surrogate variables instead of the pharma-
cologic and physiologic variables. At worst, we risk intro-
ducing circularity and error into the results of such a study.

In summary, administering inhaled anesthetics is at
the heart of what we do every day in our clinical practice.
We owe it to our patients and profession to thoroughly
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understand all aspects of it. Failing to address the com-
plexities of lung gas exchange has already led to an under-
estimation of the second gas effect of nitrous oxide.” The
MIGET-MAC encounter has the potential to address at
least the following intriguing questions. To what degree
will Vo/Q scatter cause A-a gradients for modern inhaled
agents with different blood-gas partition coefficients?
Also, are there any clinical circumstances in which this
A-a gradient might be of such magnitude that it could
affect the use of end-expired gas analysis as a measure of
anesthetic depth? How would V,/Q scatter quantitatively
affect anesthetic agent uptake (milliliters of vapor per min-
ute), and would that influence the speed of induction and
emergence? Despite its limitations, the complex study
from Kretzschmar et 4l.' is an important step toward a
better and more refined understanding of the kinetics of
inhaled anesthetics.
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Picturing “Dr. Colton” at the Cooper Institute: His Honorific Doctorate
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The reverse of this trade card (left) features a circular photo-portrait of Gardner Q. Colton (1814 to 1898, right). A
medical school dropout who popularized nitrous-oxide anesthesia for dental extraction, Colton was photographed
no longer sporting the Lincolnesque beard from 1863, when his namesake Colton Dental Association was founded
in Manhattan. Rather, Colton now has the beardless but moustached look popularized in the mid-1870s by writer
Mark Twain and his contemporaries. Having styled himself with an honorific doctorate, “Dr. Colton” boasts that
he “originated the use of Nitrous Oxide Gas for extracting teeth without pain, and during the past 13 years have
administered [it] to OVER 90,000 PATIENTS, without one accident from its effects.” Because his namesake
association was founded in 1863, this trade card (from the Wood Library-Museum’s Ben Z. Swanson Collection)
can be dated reliably to the year 1876 or soon after. (Copyright © the American Society of Anesthesiologists’
Wood Library-Museum of Anesthesiology.)
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