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Can age-related mitochondrial dysfunction affect volatile
anesthetic potency?
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Anesthetic potency is conventionally evaluated using the

concept of MAC (minimum alveolar concentration). In a

recent balanced anesthesia technique, MAC-awake was

assessed as a more important parameter in clinical settings.

The former is defined as the volatile anesthetic concentration

that produces immobilization in 50 % of patients subjected

to a noxious stimulus, and the latter is defined as the con-

centration that suppresses appropriate response to com-

mands in 50 % of patients; memory is usually lost at this

concentration. It is well established that opioid administra-

tion reduces the MAC of volatile anesthetics and the plasma

concentration (Cp) of propofol required to prevent move-

ment in response to noxious stimuli [1, 2]; however, opioids

have little effect on MAC-awake and the Cp of propofol

required for suppression of response to commands [3, 4].

We anesthesiologists are well aware that MAC-awake

would be more precise and predictable compared to other

intravenous hypnotics such as propofol [4, 5]. Thus, due to

the ease of continuous monitoring of end-tidal concentra-

tions of inhalational agents, it is easier to use volatile

anesthetics as hypnotics than as intravenous agents.

Several factors are known to alter anesthetic require-

ments and thereby, MAC and MAC-awake. MAC and

MAC-awake are both known to decrease with increasing

age [6] (Fig. 1). Mapleson [7] performed a meta-analysis to

estimate the effect of age on MAC, finding a decrease in

MAC of approximately 6 % per decade for various volatile

anesthetics (excluding data for subjects \1 year old

because such data can deviate from the age-related

decrease in MAC with increasing age). MAC-awake also

decreases with increasing age in a manner parallel to the

effect of age on MAC itself. Thus, the ratio of MAC-awake

to MAC does not change with increasing age (MAC-

awake/MAC = 0.34). MAC in animals, and presumably in

humans as well, is known to decrease linearly with

decreasing body temperature by 4–5 % per �C [8]. Other

factors, including severe hypotension, pregnancy, and

hypoxemia, can also lead to a decrease in MAC, whereas

hyperthermia and hyperthyroidism lead to an increase [9].

Interestingly, Liem et al. [10] found that red-haired vol-

unteers required significantly more desflurane than dark-

haired women (MAC: 6.2 vs. 5.2 %, respectively). Genetic

analysis revealed that 9 of 10 red-haired volunteers were

either homozygous or compound heterozygotes for muta-

tions of the melatonin-1 receptors. Another group also

revealed that the MAC in mice with nonfunctional mela-

nocortin-1 receptors slightly exceeded that in control mice

[11]. These studies were the first reports suggesting that

changes in genotypes could affect anesthetic potency.

In this issue, Roelofs et al. [12] investigated the changes

in isoflurane potency in knockout mice for the Ndufs4

subunit of complex I, which regulates mitochondrial

function, and found increased isoflurane sensitivity and

severe respiratory depression during anesthesia in the

knockout mice compared to their wild-type and heterozy-

gous littermates. Interestingly, the respiratory depression

during anesthesia was strongly progressive with age.

Quintana et al. [13] recently reported almost identical data,

with higher anesthetic sensitivity in Ndufs4 knockout mice

than in wild-type mice. This effect in mitochondrial com-

plex I-deficient mice cannot yet be extrapolated to children

with complex I deficiency because a human study directly

pointing to a specific hypersensitivity to volatile anesthet-

ics in people with Ndufs4 deficiency has not been con-

ducted. Other investigators revealed a protective effect on
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mitochondria responsible for cardioprotection against

ischemia and reperfusion via anesthetic preconditioning

[14].

Although the exact link between mitochondrial-complex

I dysfunction and volatile anesthetic hypersensitivity

remains difficult to explain, this study suggests that chan-

ges in mitochondrial function in the brain could affect

volatile anesthetic potency [15]. It is possible that aging,

which also affects volatile anesthetic sensitivity, may

potentially have some effect on mitochondrial function in

the brain [16]. With novel techniques, I am hoping to

achieve marked improvement in controlling anesthetic

potency in the near future.
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Fig. 1 Relationship between minimum alveolar concentration

(MAC) and age, obtained from various studies, as cited in Ref. [6].

Each value of MAC at the patient age studied was divided by MAC at

the age of 40 years. MAC decreased by 6.7 % with each increasing

decade of life
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