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EDITORIAL

Anesthetic MAC: Origin, Utility, and Nomenclature Revisited

Evan D. Kharasch, M.D., Ph.D.

A- nesthesiology is a specialty

grounded in basic and clini-
cal pharmacology. These domains
have concepts and vocabularies
that are useful to scientists and

espondi

clinicians, in their understanding
and application of pharmacology.
Potency (drug dose or concentra-
tion producing a given effect) and
efficacy (maximum drug effect) are
two concepts that ground pharma-
cology. One of the venerated con-

cepts and terms in anesthesiology
is “MAC.” MAC is a nom de plume

Percent of Population R

the underlying physiology and
pharmacology, the clinical appli-
cation, and the terminology in
a Clinical Focus Review.> They
explore definitions and determi-
nation of MAC, types of MAC
(MAC MAC, conscousness
MACimmblhw, MAC,, ) factors

affecting MAC, fraction of a MAC
delivered to a patient (fMAC), rela-

awake”

for potency and EC50 (vide infra).
Among the entire pharmacologic
armamentarium, inhaled anesthet-
ics are the only drugs for which
potency has a special name, and
inhaled anesthetics are the only
ones in anesthesiology—indeed in
all of medicine—that are dosed as
a fraction of their EC50.As we cel-
ebrate the 60th anniversary of MAC, it is useful to examine
what it means and what it stands for.

Last month in ANESTHESIOLOGY, Dr. Larry Saidman, for-
mer Editor-in-Chief of ANESTHESIOLOGY, recounted in a
Classic Papers Revisited article' his role in the first study
to determine MAC in humans.? He and Dr. Edmond “Ted”
Eger II anesthetized 68 surgical patients with halothane to
produce a light plane of surgical anesthesia, recorded the
end-tidal halothane concentration, and observed whether
the patients showed a muscular response to surgical inci-
sion.The halothane concentration at which half the patients
responded with movement and half did not (the “transi-
tion point”) was termed the MAC."? As described by Dr.
Saidman, “The discovery of MAC in humans was revolu-
tionary for clinical and research purposes in that it allowed
the pharmacologic effects of inhaled anesthetics to be
compared against each other at a similar anesthetic depth.”
Classic pharmacology.

This month in ANESTHESIOLOGY, Drs. Jan EA. Hendrickx
and Andre M. De Wolf explicate the foundations of MAC,

“It is time to call a MAC
(minimum alveolar concen-
tration) a MAC (median alve-
olar concentration).”

s
i Median Effect = tionship between fMAC and clini-
- Potency ﬁ" cal effect, and drug interactions or
- other factors affecting fMAC.They
. B also present pragmatic approaches

z to using MAC and fMAC in clin-

ical care. This comprehensive and
lucidly written review provides
both text and illustrations to visu-
alize and reinforce the concepts. It
is recommended to trainees as well
as experienced clinicians.

Astute readers will detect that
while this essay has described
MAC, it has not yet defined it. For this, we need a bit of
pharmacologic grounding (fig. 1). There are two types of
dose (or concentration)—response curves. Graded dose-re-
sponse curves describe drug response along a continuous
scale (0 to 100% of maximal response—termed efficacy) in
a single unit (e.g., cell, organ, animal, or human). Quantal
or population dose-response curves describe the fraction
of a population of units responding with an all-or-none
response (e.g.,awake or not). The amount of drug needed to
produce 50% of a maximum effect in one unit is the ED_,
or EC, . The amount of drug needed to produce a quantal
response in 50% of a population is the ED50 or EC50 (also
known as the median dose or concentration). Both EC_|
and EC50 describe drug potency (amount of drug needed
for half-maximum effect), but they are clearly determined
in very different ways. Now, back to MAC.

Even before Drs. Saidman and Eger determined the MAC
of halothane in patients, Drs. Merkel and Eger first intro-
duced the concept of MAC.* They determined the MAC
of halothane in dogs. In each of six dogs, they determined
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Graded dose-response
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Fig. 1. Types of concentration (or dose)-response curves. (Leff) Graded curve, showing percentage of maximum response (efficacy)
in a single unit (e.g., cell, organ, animal, or human). The dose (or concentration) of drug producing a half-maximum effect is the ED,
or EC,,. (Right) Quantal curve, showing the percentage of a study population showing a response to an all-or-nothing outcome. The
dose (or concentration) of drug needed to produce a quantal response in 50% of the population is the ED50 or EC50 (also known as the

median dose or concentration).

the minimum end-expired halothane concentration required
to keep the dog from responding with gross movement to a
painful stimulus (tail clamp or electrical stimulus). This was
termed the “minimal anesthetic concentration” (1 MAC).
Multiple, higher concentrations of halothane were also eval-
uated. The average MAC was determined from individual
experiments in the six dogs. This was a classical, single-unit
dose-response experiment, and truly determined the effec-
tive minimum anesthetic concentration. Later, in an analo-
gous experiment, Drs. Saidman and Eger anesthetized four
surgical patients, each one at multiple halothane concentra-
tions, and determined the end-tidal halothane concentration
that just eliminated movement to an electrical stimulus.?
This was termed the “minimum alveolar concentration” (1
MAC). The average MAC was determined from the four
patients. This too was a classical, single-unit dose-response
experiment and truly determined the minimum anesthetic
concentration. Drs. Saidman and Eger also did an experi-
ment in which they anesthetized 68 surgical patients with
halothane, each at a single concentration, and recorded the
absence or presence of a muscular response to skin inci-
sion. The halothane concentration at which half the patient
population moved and half did not was termed the “mini-
mum alveolar concentration” (1 MAC). However, this was
a classical population quantal dose-response experiment that
did not determine the minimum effective concentration, but
rather the median effective concentration. A totally differ-
ent construct, yet the same term (and abbreviation) were
used to refer to both individual (minimum) and population
(median) values—only one of which is correct.
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Drs. Hendrickx and De Wolf identify that the term
“MAC” is thus plagued with semantic issues.” Should the
“M” in MAC refer to “minimal” or “median”? In addi-
tion, while alveolar and end-tidal terms have been used
interchangeably, they also point out that alveolar and end-
tidal anesthetic concentrations (what we actually measure)
may not be the same. They propose that MAC should
be redefined (“backronymed”) as the “median alveo-
lar concentration.” Excellent suggestion. Or even more
precisely, perhaps should it be redefined as the “median
end-tidal anesthetic concentration”: METAC? They also
ask whether the acronym “MAC” should be abandoned
altogether and replaced with the more universal EC50,
because EC50 is conceptually and semantically more cor-
rect and aligns volatile anesthetic terminology with that
of intravenous anesthetics and all other drugs. They sug-
gest that MAC should not be abandoned, largely for prac-
tical reasons. This is because MAC describes anesthetic
potency in a unifying manner across different anesthetics,
allows the same anesthetic machine alarm limit (fraction
of a MAC) to be applied to all volatile anesthetics, and
is already hard-wired into anesthesia machine displays.
Good point. Moreover, the use of MAC may contribute
to patient safety.

MAC has withstood the test of time. It remains concep-
tually accurate, clinically useful, and helpful to the practic-
ing clinician. And yet, in an era of precision medicine, we
should use more precise terminology. It is time to call a
MAC (minimum alveolar concentration) a MAC (median
alveolar concentration).

Evan D. Kharasch
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