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EDITORIAL VIEWS

Anesthetic Action in Heart Muscle: Further Insights Through the
Study of Myocardial Mechanics

WHILE IT 1S WELL appreciated that the potent inhala-
tional anesthetics are capable of directly modifying myo-
cardial mechanical activity, our understanding of the
mechanism(s) by which this is accomplished is, as yet, in-
complete, Information regarding mechanism isimportant,
as it may suggest effective ways of counteracting the myo-
cardial actions of these agents, and also may provide clues
for the development of potent anesthetics with less prom-
inent myocardial effects.

Anesthetics may act at a number of subcellular sites in
heart muscle.! These include the contractile proteins,**
the sarcolemma,®” and the sarcoplasmic reticulum.®-'°
While the relative importance of anestheticactions at these
sites is not well understood, it is now generally believed
that such actions serve to decrease the level of intracellular
ionized calcium during systole and/or possibly to modify
the responsiveness of the contractile proteins to activation
by Ca**. Much of the experimental evidence underlying
this belief has been derived from the study of organelles
removed from their normal cellular environment or from
the study of cellular preparations which have been mod-
ified abnormally. Some of this evidence may be mislead-
ing, since the act of modifying the environment of these
organelles may modify their function.'' The two tech-
nically excellent studies of Housmans and Murat'*"® in
this issue of ANESTHESIOLOGY are welcomed, as they
represent studies performed in intact myocardial tissue,
which provide evidence for actions of halothane, enflur-
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ane, and isoflurane on subcellular organelles that are in-
tact and functioning in their normal environment. In ad-
dition, they have examined equipotent concentrations
(using species specific MAC) of these three anesthetics
during identical conditions, Their finding of a lesser direct
negative inotropic effect of isoflurane, compared with
both halothane and enflurane, strongly supports previous
evidence derived from different mammalian species.®'*
Each study of Housmans and Murat employs a complex
analysis of the mechanical behavior of isolated ferret pap-
illary muscles, an understanding of which demands the
full attention of the reader. The variables examined fall
into two broad categories: those related to force devel-
opment and derived from isometric twitch contractions,
i.e., peak developed force (DF), time to peak force (TPF),
maximal rate of rise of force (+dF/dt), half time for iso-
metric relaxation (RT) /9), and maximal rate of fall of force
(—dF/dt); and those related to shortening, derived from
isotonic contractions, i.e., maximal velocity of shortening
or velocity of lengthening at preload (+V,—V), maximal
amount of shortening at preload (DL), maximal unloaded
(0 load) velocity of shortening (MUVS), and time to
MUVS (TMUYVS). Certain of these variables are thought
to reflect fundamental processes related to contraction.
For example, MUVS correlates with the maximum rate
of turnover of myosin crossbridges (myosin ATPase ac-
tivity), while TMUVS coincides closely with the time to
the peak of the intracellular Ca®* transient. Likewise, a
shortening of RT)» (corresponding to an increased rate
of relaxation) is caused by an increase in the rate of un-
binding of Ca** from the contractile protein troponin,
although it may, in some instances, reflect an increase in
the rate of Ca** uptake by the sarcoplasmic reticulum. A
decrease in DF reflectsa decrease in the number of force-
generating cross bridges resulting from a decreased level
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of activating intracellular Ca** and/or from a decrease
in the myofibrillar responsiveness to Ca®*.

In study 1, marked “Contractility,”'? the effects of 0.25
MAC incremental steps in the concentration of halothane
and enflurane (to 1.5 MAC) and isoflurane (to 2.0 MAC)
were examined. As stated above, isoflurane was signifi-
cantly less depressant than halothane and enflurane for
both the isometric and the isotonic variables. All agents
decreased DF. As noted, this could indicate a decrease in
the amplitude of the intracellular Ca** transient. Sup-
portive evidence for such a decrease in the Ca®" transient
has been provided by Bosnjak and Kampine'® who report
a dose-related decrease in intracellular Ca**-dependent
aequorin fluorescence caused by halothane. Housmans
and Murat suggest that the decrease in DF may also be
due to a decreased “Ca®" responsiveness of the contractile
apparatus” as indicated by their observation of an anes-
thetic-induced acceleration of isometric relaxation (a
shortened RT) /5, see above). All agents decreased MUVS.
Housmans and Murat state that this most likely reflectsa
reduction in actomyosin ATPase activity, i.e., in the cy-
cling rate of the myosin crossbridges. All agents increased
TMUYVS, which is consistent with the observed effect'®
of halothane to increase the time to peak of the intracel-
lular Ca®* transient.

In study 2, marked “Relaxation,”'®> Housmans and
Murat introduce the concept of load-sensitivity of
relaxation'® in a detailed analysis of the effects of halo-
thane, enflurane, and isoflurane on this rather (from an
anesthetic standpoint) neglected phase of myocardial ac-
tivity. The authors define load-dependency of relaxation
as a phenomenon in which the duration of isotonic con-
tractions against progressively decreasing loads becomes
progressively shortened as compared to the control iso-
metric contraction. They propose that the underlying
mechanism for this phenomenon is a lessened affinity of
troponin for Ca®* during isotonic shortening at low loads'?
and that, in consequence, less Ca?" remains bound to the
myofilaments than during an isometric contraction. The
authors further hypothesize that, with rapid off-binding
of Ca®* from the myofilaments, the time course of isotonic
relaxation will reflect the time course of dissapation of
the intracellular Ca®* transient, which is, in turn, depen-
dent upon the pumping ability of the sarcoplasmic retic-
ulum. Load sensitivity of relaxation is not seen in myo-
cardial preparations in which the sarcoplasmic reticulum
is sparse, e.g., frog ventricle, or in preparations in which
sarcoplasmic reticular function has been suppressed, e.g.,
by caffeine or hypoxia'® where the Ca** transient is pro-
longed.

Halothane, enflurane, and, to a lesser extent, isoflurane
caused a dose-dependent decrease in the load sensitivity
of relaxation. This was brought about by a concomitant
slowing of isotonic lengthening and an abbreviation of
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isometric relaxation. Using reasoning developed above,
Housmans and Murat suggest that these anesthetics cause
both a relative depression of sarcoplasmic reticular func-
tion (slowing of isotonic lengthening secondary to a pro-
longed time course of the Ca®* transient) and a decreased
myofibrillar responsiveness to Ca** (abbreviation of iso-
metric relaxation, shortened RT) ).

Load dependence of relaxation has been demonstrated
in the intact mammalian heart'® and it has been suggested
that it may be of benefit during the early rapid filling
phase, allowing the heart to be filled more quickly."
Housmans and Murat propose that anesthetic-induced loss
of load dependence of relaxation may be of clinical im-
portance in that ventricular filling would be slowed during
anesthesia. A single preliminary study®® indicates that iso-
flurane depresses diastolic function and filling in healthy,
chronically instrumented dogs. Additional studies of in
situ ventricular diastolic' function, where anesthetic-in-
duced alterations of load dependence of relaxation are
specifically related to filling dynamics, will be helpful in
establishing the clinical importance of this phenomenon.

The work of Housmans and Murat is important since,
as already mentioned, it provides some needed insight
concerning subcellular actions of the volatile anesthetics
in the intact cell. These studies are especially important
with regard to the elucidation of possible direct myofi-
brillar actions of anesthetics. At present, despite the ex-
istence of numerous studies, the relative importance of
such actions is unclear. While there are several reasons
for this,! a major one is the fact that, for the most part,
previous work has been carried out in isolated myofibrillar
preparations or in disrupted cell preparations where cer-
tain forms of regulation of the myofibril have been sup-
pressed or lost.!! Presumably, such regulation has been
preserved in the intact muscles employed by Housmans
and Murat, and their results indicate that, under these
conditions, there are possibly important direct actions of
the anesthetics at the level of the myofibril. As they in-
dicate, their work does not differentiate anesthetic effects
on Ca®* binding to troponin from myofibrillar effects
which are further “downstream,” i.e., effects of anesthetics
on what they describe as the myofibrillar responsiveness
to Ca®*.
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Professor of Anesthesiology
Vice-chairman for Research
Department of Anesthesiology
The University of Wisconsin
Clinical Science Center,
Madison, Wisconsin 53792

References
1. Rusy BF, Komai H: Anesthetic depression of myocardial contrac-
tility: A review of possible mechanisms. ANESTHESIOLOGY 67:
745-766, 1987

20z ludy 21 uo 3sanb Aq ypd’,0000-00001 886 1-Z¥S0000/06 L2€9/St/¥/69/4Pd-01011e/ABO|0ISOUISBUE/WOD JIEUYDIDA|IS ZESE//:dY WOI) papeojumoq



Anesthesiology
V 69, No 4, Oct 1988

2.

(541

10.

Merin R, Kumazawa T, Honig C: Reversible interaction between
halothane and Ca** on cardiac actomyosin adenosine triphos-
phatase: Mechanism 'and significance. ] Pharmacol Exp Ther
190:1-14, 1974

Pask H, England P, Prys-Roberts C: Effects of volatile anaesthetic
agents on isolated bovine cardiac myofibrillar ATPase. ] Mol
Cell Cardiol 13:293-301, 1981

. SU ], Kerrick G: Effects of halothane on Ca?*-activated tension

in mechanically disrupted rabbit myocardial fibers., Pflugers
Arch 375:111-117, 1978

. Lynch C, Vogel S, Sperelakis N: Halothane depression of myo-

cardial slow action potentials. ANESTHESIOLOGY 55:360-368,
1981

. Komai H, Rusy B: Negative inotropic effects of isoflurane and

halothane in rabbit papillary muscles. Anesth Analg 66:29-33,
1987

. lkemoto Y, Yatani A, Arimura H, Yoshitake J: Reduction of the

slow inward current of isolated rat ventricular cells by thiamylal
and halothane. Acta Anaesthesiol Scand 29:583-586, 1985

Lynch C: Differential depression of myocardial contractility by
halothane and isoflurane in vitro. ANESTHESIOLOGY 64:620-
631, 1986

. Su ], Kerrick WG: Effects of halothane on caffeine-induced tension

transients in functional skinned myocardial fibers. PRugers Arch
380:29-34, 1979

Casella SC, Suite NDA, Fisher YI, Blanck TJJ: The effect of volatile
anesthetics on the pH dependence of calcium uptake by cardiac
sarcoplasmic reticulum. ANESTHESIOLOGY 67:386-390, 1987

EDITORIAL VIEWS

11

13.

14.

15.

16.

17.

18.

19.

20,

447

Winegrad S: Regulation of contractile proteins. Correlations be-
tween physiology and biochemistry. Circ Res 55:565-574, 1984

. Housmans PR, Murat I: Comparative effects of halothane, en-

flurane, and isoflurane at equipotent anesthetic concentrations
on isolated ventricular myocardium of the ferret. I, Contractility.
ANESTHESIOLOGY 69:451-463, 1988

Housmans PR, Murat I: Comparative effects of halothane, en-
flurane, and isoflurane at equpotent anesthetic concentrations
on isolated ventricular myocardium of the ferret. 11. Relaxation.
ANESTHESIOLOGY 69:464—471, 1988

De Traglia MC, Komai H, Rusy BF: Differential effects of inha-
lation anesthetics on myocardial potentiated-state contractions
in vitro. ANESTHESIOLOGY 68:534-540, 1988

Bosnjak Z, Kampine J: Effects of halothane on transmembrane
potentials, Ca?* transients, and papillary muscle tension in the
cat. Am | Physiol 251:H374-381, 1986

Brutsaert DL, Housmans PR, Goethals MA: Dual control of re-
laxation. Its role in the ventricular function in the mammalian
heart. Circ Res 47:637-652, 1980

Hofmann PA, Fuchs F: Effects of length and cross-bridge attach-
ment on Ca?* binding to cardiac troponin C. Am | Physiol 253:
C90-C96, 1987

Chuck LHS, Goethals MA, Parmley WW, Brutsaert DL: Load-
insensitive relaxation caused by hypoxia in mammalian cardiac
muscle. Circ Res 48:797-803, 1981

Weber KT, Janicki JS: Instantaneous force-velocity length relations
in isolated dog heart. Am J Physiol 232:H241-H249, 1977

Tamura T, Tamura K, Pajaro OE, Frater RWM, Goldiner PL,
Yellin EL, Oka Y: Effect of fentany! and isoflurane on diastolic
functionin the dog (abstract). ANESTHESIOLOGY 65:A61, 1986

20z ludy 21 uo 3sanb Aq ypd’,0000-00001 886 1-Z¥S0000/06 L2€9/St/¥/69/4Pd-01011e/ABO|0ISOUISBUE/WOD JIEUYDIDA|IS ZESE//:dY WOI) papeojumoq



