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In this issue of the British Journal of Anaesthesia, Figueroa and
colleagues1 report on the relationship between muscle
responses in the caffeine/halothane contracture test (CHCT)
for malignant hyperthermia from a large Canadian cohort
and calcium handling in myotubes derived from myoblasts
obtained from muscle samples not used in the CHCT test.
Based on the results of the CHCT test, the authors stratified
the 121 subjects into three groups: Normal (HN—not hyper-
responsive to 2 mM caffeine or 3 vol% halothane);
Susceptible (HS—hyper-responsive to both 2 mM caffeine
and 3 vol% halothane); and Equivocal (HH—hyper-responsive
only to halothane). Surprisingly, this cohort did not contain
any Equivocal patients who were only responsive to caffeine
despite such individuals being identified previously in a large
European cohort.? Figueroa and colleagues® also devised a
new five-component clinical index to summarise the relative
musculoskeletal symptoms (e.g. weakness/fatigue, myalgia,
heat/exercise intolerance, elevated creatine kinase, and
histopathology) of each individual in the cohort.

The first surprise from this study was the observation that
HH individuals exhibited more musculoskeletal symptoms
(higher clinical index) than HS and HN individuals. In addition to
the clinical index, they also devised a four-component calcium
index (resting calcium, frequency of spontaneous calcium
release events, calcium waves, and calcium spikes after elec-
trical stimulation) from calcium responses myotubes from a
subset of 16 patients from each CHCT subgroup from a total of 95
successful patient cultures (~50% of myotube cultures). How-
ever, the rationale used to select which myoblast cultures would
be chosen for each subgroup for these calcium studies was not
provided.

The CHCT studies found that the force generated by muscle
strips in response to halothane exposure (Fc) was greater in the
HS subgroup than for either the HN or HH subgroups. In
contrast, the HH subgroup exhibited the highest values for both
clinical index and calcium index compared with the HN and HS
subgroups, although the difference in clinical indexes between
the HH and HS subgroups did not reach statistical significance.

Using Indo-1, a UV light-excited fluorescent Ca* indicator,
both resting intracellular calcium concentration and the fre-
quency of spontaneous calcium release events (calcium
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‘sparks’ or macro sparks) were significantly increased only in
myotubes derived from HH individuals. On the other hand,
calcium spiking after an electrical stimulus was significantly
increased both in myotubes from HH and HS individuals. As a
result, the calcium index was significantly increased in both HH
and HS myotubes, although the calcium index was greatest in
HH myotubes. Unfortunately, the clinical and calcium indexes
within a given subgroup were poorly correlated. Importantly,
however, principal component analysis of the four elements
that comprise the calcium index revealed that plotting
component 1 against component 2 resulted in HN and HS data
that fall largely on a common line, whereas data from the HH
group are unequivocally separated from both the HS and HN
groups. An additional intriguing characteristic of the HH sub-
group is that only 12% of these individuals were found to
possess an RYR1 variant (all being variants of unknown signif-
icance), whereas previous studies indicate that RYR1 variants
are typically found in >80% of malignant hyperthermia sus-
ceptible (MHS) individuals within the Canadian population.’

Together, these results provide provocative new evidence to
suggest that the genetic causes and calcium alterations within
the HH subgroup are fundamentally distinct from that of
conventionally classified MHS individuals (i.e. HS individuals).
The authors further conclude that future studies will need to
consider other variables not assessed in this study (e.g. calcium
stores, calcium entry, and RYR1 sensitivity to calcium and
voltage) in order to provide a deeper and more comprehensive
understanding of what these differences actually mean.

An important strength of this study is the integration of
clinical and basic science data to probe the mechanisms of
malignant hyperthermia. These results also have important
implications for clinical manifestations associated with
different subgroups that may occur in the absence of exposure
to volatile anaesthetics, such as musculoskeletal symptoms
and susceptibility to acute heat stroke or exercise-induced
rhabdomyolysis. The fact that resting calcium levels were
significantly increased only in myotubes from HH individuals,
but not HS individuals, is in contrast to the increase in resting
calcium levels observed in vivo in sartorius muscles of MHS
patients using Ca?" selective microelectrodes.* Similar dis-
crepancies in relative levels of resting calcium have been re-
ported previously after heterologous® and homologous®
expression of MHS-linked mutations in RyR1 and Cay1.1, and
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in muscle fibres and myotubes derived from murine models of
MHS.”~® The reasons for these discrepancies likely result from
the different conditions (room vs physiologic temperature;
in vivo us in vitro measurements), preparations (HEK293 cells vs
myotubes vs adult muscle fibres), and experimental ap-
proaches (calcium dyes vs microelectrodes) used in these
studies.

There are also several important caveats to the conclusions
of this study. First, the clinical grading scale for musculo-
skeletal symptoms used in this study has not been validated in
any previous report. Second, as mentioned above, the cohort
used in this study lacked individuals with positive CHCT re-
sponses to only caffeine (an ‘HC’ subgroup), which have been
observed previously.? Third, it will be important for future
studies to determine if the calcium index developed here in
immature cultured myotubes also applies to fully developed
muscle fibres from MHS individuals. Finally, while the North
American CHCT stimulates muscle electrically during expo-
sure to 3 vol% halothane [or 2 vol% halothane for the European
in vitro contracture testing (IVCT)], clinical MH events do not
appear to require a depolarisation trigger to initiate an MH
crisis. However, Zullo and colleagues'® recently provided evi-
dence to suggest that this may not matter as only a small
depolarisation is needed to ‘get the calcium-ball rolling’ in
MHS myotubes, at least under the conditions of their studies.
Consistent with this, exposure to halothane is unable to
trigger an MH episode in MHS swine under conditions of
neuromuscular block using a non-depolarising neuromus-
cular blocker (Jones and colleagues, unpublished data).

With each move forward, it becomes increasingly clear that
we still have a long way to go to completely understand the
molecular mechanisms that lead to clinical MH events and to
develop therapies other than dantrolene that not only pre-
vent/reverse potentially fatal MH episodes, but are also effec-
tive in treating related muscle diseases, including exertional
rhabdomyolysis and heat injury.
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Slow waves, cognitive disintegration, and delirium
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Delirium has recently become something of the ‘diagnosis du
jour’ (or perhaps ‘diagnosis de la décennie’) in the field of
anaesthesia. Delirium is underdiagnosed, and is associated
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with several adverse perioperative outcomes." In this issue of
the journal, Numan and colleagues? show that postoperative
delirium is associated with a 50% increase in relative delta
power in the EEG. They then go on to suggest that this index of
the EEG could be used as an automated monitor to diagnose
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