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Abstract
Nowadays, there are numerous studies demonstrating that volatile anesthetics reduce mortality and morbidity with a 

cardio-protective effect. The mechanisms involved in protecting perioperative cardiac ischemic damage provided by 

desflurane and sevoflurane are not fully known. Volatile anesthetics are commonly used in cardiac surgery. This mini-

review aims to summarize the mechanism of action for cardio-protection of volatile anesthetics and discuss the potential 

therapeutic implications. Human studies have shown that volatile anesthetics can reduce mortality, but also the use 

of mechanical ventilation in cardiac patients, especially coronary artery bypass grafting. In contrast, total intravenous 

anesthesia has not shown any significant benefit compared to halogenated agents. Volatile anesthetics are among 

the few drugs that affect survival in the perioperative period. In addition, they can be administered in areas other than 

cardiac surgery due to their cardioprotective effects, which may add future perspectives in their use.

Keywords: Volatile anesthetics, preconditioning, cardiac surgery, cardio-protection

INTRODUCTION
Nowadays, there are numerous studies demonstrating that volatile anesthetics reduce mortality and morbid-
ity with a cardio-protective effect[1]. The mechanisms involved in protecting perioperative cardiac ischemic 
damage provided by desflurane and sevoflurane are not fully known.  

In 1986, for the first time, this phenomenon is described as a response to short periods of sublethal ischemia 
leading to a protection against a subsequent lethal ischemia[2].
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In 1988, Warltier et al.[3] demonstrated that the use of halothane or isoflurane improved left ventricular systolic 
function. Subsequently, Cason et al.[4] introduced the concept of cardiac pre-conditioning of the halogenates, 
demonstrating that their administration before ischemia protects the myocardium from a subsequent lesion.

Since then, numerous studies both in vivo and in animals have demonstrated this phenomenon[5-9].

An international consensus conference included volatile agents among the few drugs that would decrease 
perioperative mortality in cardiac surgery[10].

This mini-review aims to summarize the mechanism of action for cardioprotection of volatile anesthetics 
and discuss the potential therapeutic implications. 

MECHANISM OF ACTION FOR CARDIAC PROTECTION
Thanks to the use of animal models, we have been able to relate the ischemia/reperfusion injury with the 
cardio-protection of volatile agents and establish a cause-effect relationship between the volatile anesthetic 
and cardio-diagnostic points such as the reduction of death cellular, improvement of contractile function 
and decrease in the incidence of arrhythmias[11].

A dose-dependent signal appears to be based on anesthetic cardiac preconditioning: the degree of protec-
tion depends on the concentration of the drug administered and the duration of the administration[12-15]. 
Lange et al.[16] has shown that there is a threshold for the preconditioning of desflurane which is included 
between 0.5 and 1.0 minimum alveolar concentration. This threshold may decrease through the administra-
tion of desfuorane by intervals. As soon as the level of cardioprotection from desflurano is reached, it cannot 
be further improved with desflurane increments.

All the volatile anesthetics that we use daily (desflurane, halothane, isoflurane and sevoflurane) produce car-
diac preconditioning because they have the same mechanism of action but different power[16].

Two types of preconditioning have been identified: one early, which lasts about 1 or 2 h, and one late, which 
occurs after 24 h and lasts up to 72 h. Early and late preconditioning have many characteristics, but probably 
involve different paths [Table 1][5].

Myocardial reperfusion has two effects: decreases cardiac damage but activates apoptosis of the cells produc-
ing myocardial dysfunction, which is linked to mitochondrial dysfunction, in particular, at the opening of 
mitochondrial permeability transition pores (mPTPs).

During reperfusion, volatile anesthetics avoid the opening of transitional pores of the mitochondrial perme-
ability. In this way the different mechanisms of apoptosis are inhibited[17,18]. In addition, anesthetics act on 
the signaling pathways linked to adrenergic receptors and adenosine bradykinin, both involved in cardio-
protection[19].

Myocardial post-conditioning by the halogenates is due to various cellular mechanisms[16-18]: modulation of 
L-type calcium channels, inhibition of the release of reactive oxygen species from the mitochondria to the 
cytoplasm, mPTP closed, stimulation of G proteins coupled with β-adrenergic receptors. 

Various pathways, including the activation of Gi (GiPCR) coupled Gi (inhibitors), phospholipase B and D 
receptors, diacylglycerol and protein kinase C, are involved, activating KATP channels[5]. KATP channels 
are inhibited by intracellular ATP physiological concentrations and, when opened, produce a repolarizing 
internal potassium stream. MitKATP channel antagonists may inhibit the cardioprotective function of des-
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flurane and sevoflurane. The opening of the canal would lead to the reduction of the swelling of the inter-
membrane space after ischemia, preserving the structure and mitochondrial function. Depolarization of the 
mitochondrial inner membrane also prevents the opening of the mPTP and inhibits the exchange of Na+-H+, 
attenuating Ca2+ overload and cellular edema[5]. Interferences have been described with the apoptotic cascade 
mediated by Bcl-2-associated death promoter and Bcl-2-associated X proteins and caspases 9, in addition to 
activation of nitric oxide endothelial synthase[5,20,21] which may give a cardioprotective effect. Also reactive 
oxygen species (ROS) have an important task: the opening of the KATP channels causes an increase in the 
intracellular concentrations of ROS, at the same time, the production of ROS can also precede and cause the 
opening of the KATP channels. Activators of the KATP channel and sevoflurane may attenuate the overpro-
duction of ROS during reperfusion. Therefore, halogenates, in order to achieve preconditioning, must cause 
ROS production. Preconditioning, in turn, allows a reduction of ROS excess, during reperfusion[21,22]. Volatile 
anesthetics also reduce platelet adhesion to the vascular wall after ischemia[23].

Regarding the late preconditioning, it is due to cardioprotective proteins that are expressed after the trans-
lation of the first genes induced by cardiac preconditioning. The most common genes expressed virtually 
by any type of stress conditioning include antioxidants such as superoxide dismutase, glutathione peroxi-
dase and heme oxygenase, genes associated with cell defense [heat shock proteins(HSP) such as HSP70 and 
HSP10, aldose reductase, Bcl-xS] and cycloid-oxygenase 2[24].

Ischemic preconditioning is the process implemented by the myocardial tissue at the cellular level that pro-
vides myocardial protection against the damage due to the ischemia/reperfusion phenomenon in the cardiac 
tissue[25].

After administration of volatile agents, the systolic function improves because we have a reduction in myo-
cardial oxygen consumption due to depression of myocardial contractility and improvement of blood flow in 
several capillary beds[26]. 

Human studies have shown that volatile anesthetics can reduce mortality, but also the use of mechanical 
ventilation in cardiac patients, especially coronary artery bypass grafting (CABG). In contrast, total intrave-
nous anesthesia (TIVA) (and more specifically propofol) has not shown any significant benefit compared to 
halogenated agents. The studies of Fortis et al.[27] and Schilling et al.[28] have shown that halogenates lead to a 
reduction of the inflammatory response in acute lung injury. In addition, the volatile agents cause neuropro-
tection after brain damage[29], reduce hepatic damage[30] and the incidence of acute renal injury after an isch-
emic insult[31]. As a result, volatile anesthetics can also play an important role in preventing cardiac surgery 
complications.

CLINICAL IMPLICATIONS
In 2011, there was an international consensus conference that included volatile agents among the few drugs 
that would decrease perioperative mortality in cardiac surgery[10]. Volatile anesthetics (desflurane, isoflurane 
and sevoflurane) have pharmacological characteristics that generate cardiac protection, unlike the drugs 
used for TIVA.

Indeed, the 2007 Landoni meta-analysis showed a reduction in perioperative cardiac troponin release and 
reduced mortality in patients receiving volatile anesthetics compared to patients receiving a TIVA[32].
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Table 1. Difference between early and late preconditioning

Early preconditioning Late preconditioning
It begins early It begins 12-24 h after ischemia
Duration of 1-2 h Duration of 72 h
It is due to the accumulation of adenosine It is due to gene up-regulation



To endorse the hypothesis, that from these benefits we can obtain a reduced mortality rate in patients who 
receive volatile agents, there are numerous studies. These results led to an ordinary use of volatile anesthet-
ics compared to TIVA, although propofol is a drug that has a much lower cost than halogenated drugs. For 
example, a bottle of sevoflurane costs 74 euro, while a bottle of 2% propofol costs 1.6 euro.

There are no studies that discourage the use of propofol[33] but we must remember that when using TIVA 
in cardiac surgery we do not have remote ischemic preconditioning[34], due to the inhibition of the organo-
protective properties of this technique[35]. Furthermore, there are at least 8 studies showing an increase 
in mortality with the use of TIVA, while there is no study that demonstrates an increase in survival with 
TIVA[32,36,37].

DISCUSSION
In the meta-analysis of Zangrillo et al.[38], it has been shown that halogenated agents can decrease mortality 
and have additional cardioprotective effects compared to TIVA. In this meta-analysis, it has been shown that 
in patients undergoing cardiac surgery, the use of volatile agents and/or the combination of volatile agents 
with remote preconditioning produces lower mortality compared to TIVA with longer follow-up. The meta-
analysis of the Bayesian network compares different groups of patients both directly and indirectly, with a 
consolidated method in clinical research. This meta-analysis includes all randomized trials in adult cardiac 
systems that compare volatile agents, TIVA and remote ischemic preconditioning. This study is an invitation 
to use volatile anesthetics during general anesthesia because there is no evidence of beneficial properties of 
TIVA except when combined with volatile agents. This meta-analysis has some limitations: most of the stud-
ies included in the study are small, single centers and not double-blind. In fact, for example, some authors do 
not preside over whether patients taking drugs such as sulfonylurea, theophylline or allopurinol have been 
excluded, as these drugs appear to influence the preconditioning mechanism. Another limitation may be the 
use of intraoperative opioids. In fact, opioids reduce the cardiovascular effect and can hinder the cardiopro-
tective effects of volatile agents[38]. 

Furthermore, ischemic preconditioning can lower postoperative cardiac biomarker levels[39,40] and even mor-
tality during cardiac surgery[41].

The first study[32], published in 2007, which showed a greater survival of patients subjected to halogenated 
agents compared to TIVA, was a meta-analysis of small randomized clinical trials. The meta-analysis showed 
that sevoflurane and desflurane were associated with significant reductions in myocardial infarction (2.4% 
vs. 5.1%) and mortality (0.4% vs. 1.6%). In a large multi-center study, patients who received sevoflurane 
showed a 30-day lower postoperative mortality than those who received TIVA (2.2% vs. 3.1%)[36]. Instead, 
De Hert et al.[42] did not find any difference in the post-operative troponin T release between volatile anes-
thetics and TIVA but showed a significant difference in one-year mortality among the various groups (3.3% 
in the sevoflurane group, 6.7% in the desflurane group and 12.3% in the TIVA group (P = 0.034)[42]. A large 
multi-center study analyzed the 30-day mortality rate in patients undergoing CABG where halogenated 
anesthetics or TIVA was used. Mortality was lower with halogenates and the mortality rate was lower than 
with the use of halogenated anesthetics[43]. A recent meta-analysis by Landoni showed a 50% reduction in 
mortality compared to TIVA (desflurane 1.8% vs. 4.0%, isoflurane 0.7% vs. 2.0% and sevoflurane 1.2% vs. 3.0%)[44].

In contrast, some authors have shown that patients with severe preoperative ischemic stress benefit from 
TIVA because of its antioxidant effects[45]. However, no increase in survival with TIVA has been demonstrat-
ed, indeed some studies have shown worse outcomes if propofol is compared with halogenates[36]. 

There is disagreement about the type of cardiac surgery that benefits most from halogenated cardiac protec-
tion. Most studies have shown that cardioprotection occurs mainly in CABG while the evidence of haloge-
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nates in valve surgery is controversial[46,47]. A 2006 study showed that the use of sevoflurane leads to better 
preservation of myocardial function and less postoperative release of troponin I in patients undergoing aor-
tic valve replacement[47]. In contrast, the study of Pinaud et al.[48] in 2015, demonstrated that preconditioning 
does not have cardioprotective effects in patients undergoing valve surgery without CABG. 

There are no clear advantages of the use of volatiles in valve surgery. A first reason is that myocardial infarc-
tion can simulate a preconditioned state by improving the effect of halogenated agents[49]. In fact, as dem-
onstrated by Murry et al.[2], short periods of transient myocardial ischemia protect the heart from extensive 
damage in longer periods of ischemia. Furthermore, valvular surgery causes an increase in troponin due to 
higher surgical injuries and anatomical changes that modify the geometry and function of the left ventricle, 
with acute increase in the afterload, especially in mitral valve surgery[50].

We must remember that when using TIVA in cardiac surgery we do not have remote ischemic precondition-
ing[34]. This led to the demonstration that TIVA leads to an increase in mortality, while there is no study 
showing that it increases survival[32,36,37].

However, TIVA remains widely used for rapid interventions. As demonstrated by Çaparlar et al.[51], patients 
eligible for the preferential ward were older and the time for rapid suitability was shorter in the TIVA group 
compared to sevoflurane (82.1% vs. 57.5% and 8 min vs. 12 min, P < 0.05).

At the same time, it must be stated that volatile agents, such as desfuorane, are proving to be an excellent 
alternative to propofol for fast-track interventions[52,53].

Thus we obtain two results: the cardiac preconditioning given by the volatile agent and rapid extubation 
times.

CONCLUSION
Volatile anesthetics are among the few drugs that affect survival in the perioperative period[54]. In addition, 
they can be administered in other areas other than cardiac surgery due to their cardioprotective effects, 
which may add future perspectives in their use.

Notwithstanding the numerous studies in favor of volatile anesthetics, it is necessary to give a definitive an-
swer regarding the greater survival of patients with the simple use of volatile anesthetics, with randomized 
trials provided with a very large sample. The largest study currently underway is recruiting 10,600 partici-
pants and has the task of conclusively demonstrating how the simple use of a halogenated agent improves 
one-year survival in patients undergoing CABG.
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