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Background and objectives: The use of volatile anesthetics in cardiac surgery is not recent. Since the introduction of halothane in clinical prac-
tice, several cardiac surgery centers started to use these anesthetics constantly.

Content: In the last years a great number of studies have shown that the volatile anesthetics have a protecting effect against myocardial ischemic
dysfunction. Experimental evidences have shown that the halogenated anesthetics have cardioprotective effects that cannot be only explained by
coronary flow alterations or by the balance between myocardium available and consumed oxygen. In addition to that, the use of volatile anesthe-
tics during extracorporeal circulation (ECC) in cardiac surgery plays an important role. Recent studies have proven that these agents have cardio-
protective properties and produce better results when the volatile anesthetic is used during the whole surgery procedure, including ECC. The use
of halogenated anesthetics through calibrated vaporizers adapted to the ECC circuit via oxygenator membranes has become popular. Therefore,
the professionals involved such as anesthesiologists and perfusionists should learn specifcs in order to solve possible doubts.
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INTRODUCTION

The use of volatile anesthetics in cardiac surgery is not recent.
Since the introduction of halothane in clinical practice, several
cardiac surgery centers had been constantly using these an-
esthetics 1. However, volatile anesthetics were not used for a
while due to studies that presented controversies concerning
its use 23. The decrease in the use of volatile agents can be
explained by the beginning of total venous anesthesia admin-
istration in cardiac surgery with high doses of opioids, as it is
considered a safe anesthetic technique of great cardiovascu-
lar stability 45.

In the last years a great number of studies have shown
that the volatile anesthetics have a protecting effect against
myocardial ischemic dysfunction. Experimental evidences
have shown that the halogenated agents have cardioprotec-
tive effects that cannot be only explained by coronary flow
alterations or by the balance between the myocardium avail-
able and consumed oxygen. On the contrary, it seems that
the volatile anesthetics have direct cardioprotective proper-
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ties 68, Therefore, its use became popular again in cardiac
surgery, especially with the introduction of safer agents from
a cardiovascular perspective, such as isoflurane, sevoflurane
and desflurane.

Some concepts, as ischemic and anesthetic pre- and post-
conditioning, play an important role in order to understand
these protective effects.

Ischemic pre- and post-conditioning

Ischemia of a certain organ promotes tissue injury whose se-
verity depends on the duration of the ischemic event and on
the injuries due to subsequent reperfusion of the same area.
The extent of the damage caused to this organ will determine
the subsequent systemic alterations.

Organ pre-conditioning is related to the possible effect of
the pretreatment with noxious stimulus, in which cellular tol-
erance to subsequent noxious stimulus increases. When the
harmful effect is an ischemic event, it is called an ischemic
pre-conditioning. In the myocardium, ischemic pre-condition-
ing would represent an adaptive endogenous response pro-
voked by short episodes of cellular ischemia, which would
lead to a greater and intrinsic protection of the myocardium
cell against a subsequent episode of a more prolonged isch-
emia °. In the last few years, scientists have put a lot of effort
in research into the cellular mechanism that really explains
the heart ischemic pre-conditioning '%1'. Concerning duration,
the protective effects are limited and they are manifested in
two phases: an initial phase occurring immediately after the
noxious stimulus that induces strong protection for a short
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period of time (between 1 and 2 hours); and a delayed one,
which occurs approximately 24 hours after the initial stimulus,
even without another noxious stimulus. This phase induces
a less intense protection during a longer period (about three
days) 812,

Most of experimental findings indicate that the preserva-
tion of mitochondrial function, which is due to the activation
of potassium ATP-dependent channels, is vital for the cardio-
protective effects against ischemia, as it reduces intracellular
calcium overload, preserves energy reserves more efficiently
and prevents the activation of the effects that cause apoptosis
and cellular necrosis. The delayed phase of pre-conditioning
depends on the cellular memory formation, which is attributed
to the synthesis or activation of proteins that present a cyto-
protection effect, such as the induction of several antioxidant
enzymes or the synthesis of proteins involved in cell stabiliza-
tion 3.

In the ischemic post-conditioning, short ischemia episodes
would be applied in the initial phase of reperfusion, therefore
reducing the extent of the cell injuries that usually occur dur-
ing this period.

Other experimental studies have shown that ischemic car-
diac pre-conditioning can be extinguished or limited by the
use of pharmacological agents that block or stimulate certain
phases of the intracellular events series 1316, From a clinical
point of view, cardiac pre-conditioning with pharmacological
agents is preferred rather than the ischemic pre-conditioning,
due to the risk of exposure of an ischemic myocardium to a
transitory ischemia.

Anesthetic pre- and post-conditioning

When the pharmacological agents that present the pre- and
post-conditioning are anesthetic agents, the effects are called
anesthetic pre- and post-conditioning.

Among these agents, several studies show that the haloge-
nated anesthetics are capable of promoting post-conditioning
directly, or increasing indirectly the ischemic pre- and post-
conditioning against ischemia and reperfusion injuries 121417,
This mechanism is not totally clear yet, but is seems to mimic
ischemic pre-conditioning.

Initially, it was believed that the halogenated agents protec-
tion in the heart was an indirect effect, due to contraction and
oxygen consumption decrease. Nowadays it is quite evident
that the effect is actually direct, and it involves the activation
of various intracellular pathways that will promote protection
against dysfunction and myocardial necrosis. Both the isch-
emic and the anesthetic pre-conditioning in the heart present
the same cellular mechanism, which involves the activation
of the mitochondrial and sarcolemma K,rp-dependent chan-
nels, resulting in overload decrease in the mitochondrial and
myoplasmatic calcium 7'7-19, Additionally, studies have shown
that the halogenated anesthetics promote protection against
ischemia-reperfusion injuries by pre-conditioning blood ves-
sels, protecting against vascular injuries and impeding the en-
dothelium contribution to the pro-inflammatory and thrombo-
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genic events related to ischemia-reperfusion injuries 2°. In this
case, the halogenated anesthetics inhibit the expression of
the molecules responsible for activating leukocyte adhesion
and transmigration, and improve the vascular reactivity, pre-
serving the capacity of vasodilation by K,rp channels activa-
tion. They reduce intracellular calcium in the vascular smooth
muscle and release nitric oxide 17:21.22,

Volatile anesthetics and cardiac surgery

The use of halogenated anesthetics in clinical practice has
played an important role in the prevention and treatment of
intraoperative cardiac ischemic dysfunction, due to recent dis-
coveries regarding their cardioprotective properties. Consid-
ering that the protection of halogenated anesthetics against
ischemia-reperfusion injuries is the result of a direct effect and
the potentialization of pre-conditioning ischemic effects, most
studies regarding halogenated anesthetics include patients
showing myocardial ischemia. These would be the patients
to have a better benefit from the effects of cardioprotective
anesthetics 122325,

Clinical implications of cardioprotective volatile anes-
thetics during anesthesia are hemodynamic function better
preservation and reduced release of biochemical markers
of myocardial injury. Two studies assessed the effects of
volatile anesthetics administered during the whole operative
period of patients undergoing myocardial revascularization,
including the ECC period. Patients who received volatile an-
esthesia, in comparison to total intravenous anesthesia, pre-
sented a better preservation of the cardiac function after the
extracorporeal circulation and released smaller quantities of
cardiac troponin | into blood 2326, Other studies reported the
use of different types of markers, such as creatine kinase MB,
tumor necrosis factor alpha, and total and brain natriuretic
peptide. The results also indicated that the patients who were
administered halogenated anesthetics presented a lower in-
crease of these markers 2728, Better renal function was also
observed, but the study protocol does not allow us to say
if this effect is due to better cardiac output or because of a
direct protective action of the halogenated anesthetic on the
kidney 2.

The impact of other consequences of this protective effect,
such as the length reduction in the intensive care units, and
the decrease of postoperative morbidity and mortality have in-
spired many new publications. Some studies indicate that pa-
tients receiving volatile anesthetics stay less time in intensive
care units and are discharged earlier than those who receive
total intravenous anesthesia 272%30, A recent study observed
that a 10-minute administration of sevoflurane in the begin-
ning of ECC before aortic clamping can be associated to a
lower rate of cardiovascular complications in the first postop-
erative year 22. According to studies, the volatile anesthetics
use in cardiac surgery decreases perioperative morbidity and
can also reduce mortality 3'.
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Extracorporeal circulation and volatile anesthetics

Volatile anesthetics during ECC in cardiac surgeries are in-
creasing. A recent research has proven that these agents
have cardioprotective properties, and there is a better result
when the volatile anesthetic is used during the whole surgical
procedure, including ECC 24.

Several studies that assessed patients undergoing coro-
nary arterial bypass surgery have approached the clinical
possible implications of these cardioprotective effects in the
postoperative myocardial function. Most of these studies in-
volved a pre-conditioning protocol in which the volatile anes-
thetic was administered before myocardial ischemia 283233,
Although most of these studies had reported some cardio-
protective effects, the magnitude and extent of this protec-
tion varied. Another research group assessed the effects of
volatile anesthetics administered throughout the procedure 26.
The discrepancies concerning the relevance of cardioprotec-
tion should be related to the duration and to the moment of ad-
ministration of these volatile anesthetics as contributors to the
myocardial protection. One of the most engaged authors in
this research is De Hert et al. 24 According to Schlack et al. 2°,
it is currently not possible to answer about the dose and time
optimization of volatile anesthetic application. However, ad-
ministration during the whole procedure, including the ECC
through the membrane oxygenator seems to be the most ap-
propriate one 34

It is important to mention safety issues concerning the use
of volatile anesthetics during ECC. The use of these agents
through calibrated vaporizers adapted to the ECC circuit
via the oxygenator membranes has become popular, even
though it is not a new technique. Therefore, the professionals
involved, such as anesthesiologists and perfusionists, should
learn specifics in order to discuss possible doubts.

The presence of anesthetic vaporizers in the ECC circuit
should involve new strategies in order to improve patient safety.

Aware of the changes in anesthetic techniques during
ECC, some companies responsible for manufacturing oxy-
genators already present their oxygenators with safety certifi-
cation for use of volatile anesthetic agents in clinical practice.
Besides, some ECC circuits already have calibrated vapor-
izers for volatile anesthetics attached to the ECC machines
(Figure 1).

The anesthetic agent vaporization in the ECC is a process
involving a calibrated vaporizer attached to the circuit, behind
the blender responsible for the fresh gases release (oxygen
and compressed air) (Figure 2). Fresh gas enters the vapor-
izer and, as the desired concentration is regulated, the volatile
anesthetic is blended with the fresh gas flow which is vapor-
ized in the circuit until the membrane oxygenator (Figures 3
and 4).

The membranes of the oxygenators available in Brazil used
in the surgeries with ECC have the same basic raw material
component when manufactured — the polypropylene. How-
ever, they differ in the oxygenator’s external shape, and in the
internal organization of the membrane, additionally to other
components of the ECC equipment.
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Figure 1 — Vaporizers Calibrated for Sevoflurane Attached to the
Extracorporeal Circulation Circuit by the Manufacturer.

Figure 2 — Oxygen and Compressed Air Blender.

Other membranes qualified as diffusion and made of silicon
are used in circuits to assist postoperative mechanical circula-
tory support, such as the ECMO (extracorporeal membrane
oxygenation) 3536, Although these membranes have longer
service life, they are not compatible with volatile anesthetics
use, as described by Matthias 34.
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Figure 3 — Direction of the Fresh Gases from Blenders and Entry to
Vaporizer.

Figure 4 - Fresh Gas Output Together with Vaporized Volatile Anes-
thetic towards the Membrane Oxygenator.
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Figure 5 — Vaporizer Adapted to the ECC Circuit.

The experience of the Instituto Dante Pazzanese de
Cardiologia

In the institute where this study was carried out, vaporized
sevoflurane was used in the ECC circuit in patients under-
going several types of cardiac surgeries, such as myocardial
revascularization, valve replacement and correction of con-
genital cardiopathy.

As ECC machine with attached vaporizers are not avail-
able at the institute, a vaporizer calibrated for sevoflurane is
adapted to the ECC circuit (Figures 3, 4 and 5). It is impor-
tant to mention that, whenever possible, the gas rate in the
oxygenator should be monitored. In addition, it is necessary
to adapt a system to depollute the operating room, as the ex-
cess of gases administrated in the oxygenators are directly
released into the operating room.

In order to change the concentration of sevoflurane in ECC,
it is necessary to consider the mean arterial pressure values,
and, more importantly, the blood flow during perfusion, as well
as the values of bispectral index (BIS). The maximum inspired
concentration of sevoflurane is 3%. Therefore, satisfactory re-
sults have been achieved during the entire perfusion. Physi-
cians are using less vasodilator agents (sodium nitroprusside)
and are controlling the appropriate values of BIS, without us-
ing additional doses of hypnotics during the entire ECC.

CONCLUSIONS

Considering that the effectiveness of myocardial protection pro-
duced by the halogenated anesthetics in cardiac surgery has al-
ready been proved and that it is highly beneficial when it is admin-
istered during the whole surgery, including ECC, this technique
has become more popular in all cardiac surgery centers. When
the anesthesiologists become confident on using vaporizers at-
tached to the ECC system, it will be possible to use an anesthetic
technique capable of not only improving patient transport during
surgery, but also contributing in the short and long terms to the
decrease of postoperative morbidity and mortality.
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