A Slick Way Volatile Anesthetics Reduce Myocardial Injury
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N 2007, the American College

of Cardiology/American Heart
Association guidelines first rec-
ommended perioperative volatile
anesthetic use in patients at risk
for myocardial ischemia.! Numer-
ous animal studies from canines
to nematodes provided evidence
for volatile anesthetic protection
against myocardial ischemia—
reperfusion injury.>? Several clini-
cal trials conducted in patients
undergoing coronary artery bypass
grafting suggested the experimen-
tal study results translated into
clinically relevant cardioprotec-
tion.* However, almost a decade
later, the primary molecular mech-
anisms mediating volatile anes-
thetic-induced  cardioprotection
still remain to be identified. In this
month’s issue of ANESTHESIOLOGY,
Wojtovich et al® aim to provide
novel insight into this limitation
by deciphering the identity of a
cardiac myocyte mitochondrial
potassium channel that mediates
volatile anesthetic—induced pre-
conditioning. By using a genetic
knock-out approach in mice, the
authors identify the Sl2 gene family encoded potassium
channel subtype Slo2.1 in cardiac myocyte mitochondria as
a key determinant of volatile anesthetic—induced precondi-
tioning from myocardial ischemia—reperfusion injury.’

Both Slo2.1 (Kcnt2/’Slick’) and Slo2.2 (Kcntl/’Slack’)
are potassium channels activated by increased intracellular
sodium levels and belong to the “big” conductance K* chan-
nel (BK) family. The newly identified localization of Slick in
cardiac myocyte mitochondria may add another piece to the
puzzle of mitochondrial ion channels apparently involved in
the complex response of cardiomyocytes to ischemia—reper-
fusion injury, including the mitochondrial ATP-sensitive K*
channel, the mitochondrial permeability transitional pore,
and other BK channels that are long recognized in mediat-
ing volatile anesthetic-induced preconditioning via regula-
tion of mitochondrial function.® Although initial reports

“Technology is moving in
the direction where one day
there may be a ‘precondi-
tioning gene panel’ that is
run on every patient pre-
operatively to customize
choice of anesthetic regi-
men for surgery.”

suggested that a Ca’*-activated BK
channel (likely Slol) was respon-
sible for anesthetic precondition-
ing,” the fact that Slo1”~ mice
can still be preconditioned by iso-
flurane,'® coupled with the results
of the study by Wojtovich ez 4l.,
suggest reevaluation of these early
findings.

In their present study, Wojtov-
ich et al. report for the first time
evidence that volatile anesthetic—
induced K* flux is abolished in
cardiac myocyte mitochondria
isolated from mice lacking Slick
(Slo2.177). Subsequently, isoflu-
rane-induced preconditioning
effects were absent in Slo2.17/-
mice but not in Slo2.27~ mice
subjected to myocardial ischemia—
reperfusion injury. By demonstrat-
ing Slo2.1-mediated protective
effects of volatile anesthetics that
are independent of ischemia or
pharmacologic K* channel open-
ers, the authors provide specific-
ity for a novel molecular target for
volatile anesthetic specific effects.

Thus, in the era of precision
medicine, this study may provide
us with more extensive knowledge to which patients under-
going cardiac surgery will benefit from receiving volatile
anesthetics to reduce ischemia-reperfusion injury. The rec-
ommendations of the 2007 American College of Cardiology/
American Heart Association guidelines have been continu-
ously modified to downplay the powerful effects that volatile
anesthetics have in reducing myocardial injury in preclinical
models. In 2011, the recommendations for patients under-
going coronary artery bypass graft surgery were changed to
only recommend the use of volatile anesthetics to facilitate
extubation in cardiac patients.'! Further, the 2014 guidelines
for patients undergoing noncardiac surgery recommend sim-
ilarly the use of either volatile or intravenous agents.!? Pri-
mary endpoints such as a reduction in postoperative troponin
levels or improved cardiac function were often met only in
elective and highly selective cardiac patient populations® and
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remained nonevident or controversial in patient populations
undergoing noncardiac surgery.'>!'* Numerous reasons may
explain the clear lack of translation from experimental mod-
els to heterogeneous patient populations. Conditions such as
diabetes likely attenuate the ability to precondition the myo-
cardium and medications such as ATP-sensitive K* channel
channel inhibitors, used clinically to manage diabetes, may
further block the effects of volatile anesthetics.' Intravenous
agents including opioids may also synergistically act with
volatile anesthetics to reduce myocardial injury.!®

Advances in patient care are urgently needed to reduce
perioperative myocardial reperfusion injury. Numerous pre-
clinical studies provide a wealth of promising data on how
volatile anesthetics or strategies like remote ischemic precon-
ditioning effectively exert myocardial protection. Although
the latter involves different mechanisms and requires addi-
tional molecular mediators,' recently published results from
two large studies show that remote ischemic conditioning
strategies fail in providing benefit to patients.!”!® These data
add to the litany of agents and interventions proposed to limit
reperfusion injury that have failed in the clinic, including even
cyclosporine A.' The controversial data from clinical trials,
however, must bring us back to better understand underlying
molecular and cellular mechanisms in the basic science labo-
ratory. Technology is moving in the direction where one day
there may be a “preconditioning gene panel” that is run on
every patient preoperatively to customize choice of anesthetic
regimen for surgery. Candidate genes specific to volatile anes-
thetics, as that identified in the current manuscript, move us
one step closer to identifying novel mechanisms to address
the shortcomings of failed clinical translation.
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Colton’s Mass Publication of The Court of Death by Peale
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Years before his successive elections as Anglican Bishop of Chester (1776) and London (1787), Beilby Porteus
(1731-1809) garnered Cambridge’s Seatonian Prize in 1759 for his poem Death: A Poetical Essay. Sixty years later,
to survive the Panic of 1819, Rembrandt Peale (1778-1860; artist, Baltimore, Maryland) began painting The Court of
Death. Peale’s gigantic artwork featured 23 life-sized figures inspired by Porteus’ prizewinning poem. After exhibiting
the painting for decades, Peale sold it in 1858 to showman Gardner Q. Colton (1814-1898), whose nitrous oxide had
anesthetized Horace Wells 14 years earlier. After misinvesting the fortune gained from 1849-1850 “Gold Rush” land
sales, Colton began supplementing his income from laughing gas demonstrations by offering, at $1 apiece, 100,000
chromolithographs of Peale’s oil painting. Such sales ensured that Colton would survive the harsh antebellum and Civil
War circumstances that preceded both his reviving use of nitrous oxide for dental anesthesia and his founding of the
“Colton Dental Association” in 1863. (Copyright © the American Society of Anesthesiologists, Inc.)
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