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Myocardial protection with volatile anesthetic agents have been suggested by multi-
ple studies. These studies, however, are scattered and are often limited to a particu-
lar aspect of cardiac anesthesia. Older inhalational agents like halothane is known to 
cause significant hepatic damage in patients undergoing long duration surgeries while 
isoflurane is known to have marked vasodilating properties that also affects the cor-
onary arteries leading to coronary “steal” phenomenon. Additionally, newer agents, 
like sevoflurane and desflurane, have shown more prominent cardioprotective effects 
than older agents. We searched ScholarOne, Medline, Embase, and the Cochrane 
Central Register of Controlled Trials (CENTRAL) in the Cochrane Library. The medical 
subject headings (MeSH) terms “anaesthesia, inhalational,” “anaesthesia, intravenous, 
or TIVA,” and “Cardiac anaesthesia or Cardiac Surgery” were used. Additional studies 
were identified by review of the reference sections of all eligible studies. The aim of 
this review article is to bring together the evidences with newer inhalational agents 
and provide a holistic view of their benefits and shortcomings in cardiac anesthesia.
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Introduction
All volatile anesthetic agents show cardiac depressant effect 
that decrease myocardial oxygen demand and have a benefi-
cial role on the myocardial oxygen balance during ischemia. 
In addition to these indirect protective effects, volatile anes-
thetic agents also have direct protective properties against 
ischemic myocardial damage.1 These properties may act as 
an additional tool in the treatment or prevention or both 
and of ischemic cardiac dysfunction in the perioperative 
period when implemented in clinical anesthesia.1

Indicative of cell death, an increase of cardiac biomark-
ers is very commonly seen in cardiac surgical procedures. 
Myocardial damage after cardiac surgery with significant 
postoperative cardiac troponin (cTn) release is associated 
with need for inotropic support, increased stay in inten-
sive care unit (ICU), time on mechanical ventilation, over-
all hospital stay, and increased perioperative mortality 
rates. Number of studies have shown the potential bene-
fits of volatile anesthetics over the intravenous agents in 
cardiac surgery.2 Evidence has demonstrated that patients 
anesthetized with volatile anesthetics tend to have lower 
postoperative levels of troponin as compared with intra-
venous anesthesia,3-5 subsequently evidence-based car-
dioprotective effects resulted in a decreased morbidity 
(including reductions of myocardial infarctions (MIs), ICU 
stay, duration of mechanical ventilation, overall hospital 
stay, and incidence of long-term cardiac events) and mor-
tality. In a recent meta-analysis, desflurane and sevoflu-
rane have shown to reduce postoperative mortality and 
the incidence of MI.6 These findings have also been extrap-
olated in noncardiac surgery.3-5

Underlying mechanisms of cardioprotective effects shown 
by volatile anesthetic agent is suggested for their ischemic 
preconditioning effect.7 These agents also exhibit promising 
postconditioning properties after cardiac surgery.

Apoptotic mRNA inhibition, cytokine/inflammation 
modulation, redox-sensitive pathways, neuromodulation, 
endothelial preservation, ion channels, and notch signaling 
pathways are responsible for the cardioprotective effects 
shown by volatile anesthetic agent at a basic level.8 These 
findings open a new field of investigation for potential ther-
apies aimed to diminish secondary organ injury, as well as 
transplants.

Unmet Needs in Cardiac Anesthesia
Acute Kidney Injury
Acute kidney injury (AKI) is a common complication follow-
ing cardiac surgery.9,10 As high as 45% of patients undergo-
ing cardiac surgery are affected by postoperative AKI and 
are associated with prolonged hospitalization and increased 
mortality.10-13 Biodegradation of volatile anesthetics into 
inorganic fluoride is common with both sevoflurane and 
enflurane. There are evidences of decreased renal concen-
trating ability and renal tubular injury with transient impair-
ment and was found in patients who received sevoflurane 

and enflurane.14 A serum fluoride concentration of 50 µmol/L 
is the peak nephrotoxicity value.

Furthermore, the inorganic fluoride ions resulting from 
sevoflurane defluorination and the production of compound 
A with its reaction from carbon dioxide absorbent have been 
associated with nephrotoxicity.15,16 Fluoride levels, following 
the administration of isoflurane or halothane increase by 3 to 
5 and 1 to 2 µmol/L, respectively, causing the risk of nephro-
toxicity to be relatively improbable.

Compare to sevoflurane or enflurane, desflurane’s resis-
tance to biodegradation allows even its prolonged exposure 
to be associated with normal renal function. Animal model 
study investigating histological tubular cell damage in a rab-
bit model found that desflurane preconditioning reduced 
renal IR injury via its protective effect on the kidneys.15

Evidences also suggest that volatile anesthetics, such as 
desflurane, used for anesthetic maintenance and preserva-
tion during other transplantation are associated with better 
outcomes than intravenous anesthetics.15 Increasing body of 
evidences have shown that volatile anesthetics may protect 
against renal ischemia reperfusion (IR) injury.6

Risk of Myocardial Infarction in Cardiac 
Surgery
Although experimental data have provided convincing evi-
dence that volatile anesthetics offer protection against the 
consequences of reversible myocardial ischemia and reper-
fusion injury, the results from clinical studies in coronary 
surgery patients, however, have been less consistent. A more 
consistent result with preservation of myocardial function 
and a lower postoperative release of markers of myocardial 
damage was only found in studies where the volatile agent 
was administered throughout the entire surgical procedure.

Myocardial protection by volatile anesthetics during cor-
onary surgery was evaluated by De Hert et al. Hypothesis 
tested in this study was that the use of a volatile agent in 
the anesthetic regimen would be associated with a shorter 
ICU and hospital length of stay (LOS), compared with a total 
intravenous anesthetic regimen.17

Transient troponin I increase was seen in with all anes-
thetic regimens used, but this increase was significantly 
lower with the newer volatile agent (sevoflurane and desflu-
rane groups).17 The incidence of important myocardial dam-
age (defined as a postoperative troponin I > 4 ng/mL) was also 
significantly lower in the sevoflurane and desflurane groups. 
Authors hence concluded that sevoflurane and desflurane 
use is associated with the better preservation of early cardiac 
function (evident from data on hemodynamic and myocar-
dial function, concentrations of postoperative troponin I, and 
need for inotropic support) and may result in an improved 
global tissue perfusion with a better recovery.17

Perioperative Hemodynamic Stability and 
Ischemic Outcomes
The anesthesiologist’s traditional approach to anesthesia for 
coronary artery bypass graft surgery (CABG) in myocardial 
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protection has emphasized the maintenance of hemody-
namic stability (avoiding hypotension, hypertension, and 
tachycardia) and the optimization of oxygen-carrying capac-
ity (avoiding hypoxia and anemia), thus preserving the 
delicate balance between myocardial oxygen supply and 
demand.17

In a canine model of coronary stenosis, ischemia was 
absent if mean aortic blood pressure exceeded heart rate, 
that is, if the pressure-to-rate ratio exceeded unity.18

Prevention, detection, and treatment of perioperative 
myocardial ischemia, regardless of the cause remains the 
three cornerstones of anesthetic management for patients 
undergoing CABG surgery.18

Numerous studies have examined the incidence of intra-
operative prebypass ischemia (defined as ischemia occurring 
between induction of anesthesia and onset of cardiopulmo-
nary bypass) in patients undergoing CABG surgery.

Symons and Myles, in their meta-analysis, identified 
27 randomized studies including 2,979 patients comparing 
volatile with nonvolatile anesthesia for CABG.4 Halothane, 
enflurane, isoflurane, sevoflurane, and desflurane were used 
as volatile anaesthetic (VA) and administered during preby-
pass, bypass, and postbypass periods. Though there was no 
significant difference between volatile and nonvolatile anes-
thetic groups with respect to death, MI, myocardial ischemia, 
or ICU LOS, the patients randomized to receive volatile anes-
thetics had significantly higher cardiac indices, lower troponin 
I concentrations, shorter duration of mechanical ventilation, 
and shorter length of hospital stays than those randomized 
to receive intravenous anesthetics. Requirement for inotropic 
support was also reduced as compared to TIVA (Total Intra 
Venous Anaesthesia) group. The results suggested that volatile 
anesthetics may indeed be able to change outcomes in cardiac 
surgery.5

In another study involving 30 patients, desflurane (group 
D, n = 10), sevoflurane (group S, n = 10), and isoflurane (group 
I, n = 10) were compared for their effect on microcirculation 
in coronary artery bypass grafting using orthogonal polariza-
tion spectral imaging. In group S, the total vascular density 
(TVD) was decreased by 14.7% (p < 0.05), the perfused vessel 
density (PVD) decreased by 22% (p < 0.05), the proportion of 
perfused vessels (PPV) decreased by 5.97% (p < 0.05), and the 

microvascular flow index (MFI) decreased by 7.69% (p < 0.05). 
In group I, the TVD decreased by 14.7%, the PVD decreased by 
22%, the PPV increased by 1.69%, and the MFI increased by 
17.99% (p < 0.05). In group D, no significant changes in the 
TVD and PVD values were found, but the PPV increased by 
1.48% (p < 0.05) and the MFI increased by 8.99% (p < 0.05). All 
these changes occurred during CPB and returned to baseline 
values 24 hours after surgery. Lactate levels did not differ sta-
tistically among the three groups. Furthermore, there were 
no correlations between lactate levels and these microcircu-
latory alterations. Authors concluded that inhalation agen-
tsinduced transient alterations in microvascular perfusion, 
desflurane produced stable effects on the microcirculation.19

Early Recovery after Cardiac Surgery
Relatively higher mortality and morbidity along with higher 
resource utilization in cardiac surgery patients make them 
well suited for an enhanced recovery strategy. One of the 
challenges, however, in implementing uniform recommen-
dations is the variability of institutional practice and patient 
characteristics.20 This was evident by the history of previous 
similar attempts within cardiac surgery.

Fleming et al21 compared 105 patients before and after 
implementing a protocol in their cardiac surgery patients 
similar to a colorectal early recovery after surgery (ERAS) 
protocol (►Table  1). The protocol included preoperative 
carbohydrate loading, optimizing analgesia but avoiding 
long-acting narcotics, nausea prophylaxis, early mobilization, 
and early enteral nutrition. Although they failed to demon-
strate a reduced LOS, they observed improved analgesia and 
a reduction in a composite endpoint, including infection, AKI, 
respiratory failure, atrial fibrillation, MI, and death.

Sola et al outlined a protocol for enhanced recovery for 
transcatheter aortic valve implantation patients that provides 
further evidence for the feasibility of ERCS programs.20,21 
(►Table 1).

Fast-Track Cardiac Anesthesia
Fast-track cardiac anesthetic techniques can lead to ear-
lier tracheal extubation, shorter ICU stays, and significant 
reductions in perioperative costs and resource utilization. 
Whereas large-dose intravenous opioid techniques provide 

Table 1 Components of ERAS for cardiac surgery (after transcatheter aortic valve implantation)

Proposed components of Early Recovery after Cardiac Surgery20

Preoperative Intraoperative Postoperative

Patient education and well ness (preopera-
tive fitness, nutrition, incentive spirometry)

Short acting anesthetics Multimodel analgesia

Avoid prolonged fasting Avoid high-dose, long-acting narcotics Early extubation

Timely antibiotic prophylaxis Lung protective ventilation Early mobilization

Avoid long acting sedatives Multi model analgesia Incentive spirometry

Multi model analgesia Avoid excessive volume expansion Early tube/line removal

Anemia optimization Timely antibiotic administration Aggressive PONV treatment, early oral 
nutrition

Delirium prevention screening and early 
management

Abbreviation; PONV, post operative nausea and vomiting.
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excellent intraoperative hemodynamic stability and postop-
erative analgesia, extubation times are often prolonged. The 
use of smaller doses of opioid analgesics in combination with 
volatile anesthetics facilitates earlier tracheal extubation at 
the expense of increased postoperative pain.22

Davy et al assessed fast-track cardiac anesthesia (FTCA) in 
terms of the safety and resource utilization after CABG over 
a 1-year period. One hundred and twenty patients were ini-
tially randomized to FTCA (n = 60) or conventional anesthetic 
(n = 60) for primary elective CABG surgery.

Patients were followed for 1 year after index surgery. 
Acute care hospital readmission rates, LOS, and the down-
stream use of health resources were compared. There were 
no deaths during the 1-year follow-up after initial discharge; 
15 (25%) patients from both groups were readmitted to acute 
care hospitals during follow-up period. The mean LOS for 
acute care readmission was 0.3 (1.0) in the FTCA and 1.6 
(6.3) days in the conventional group at 3 months; p < 0.01, 
95% confidence interval (CI) of [0.1, 5.7] and 0.8 (1.8) and 2.9 
(9.6) days at 12 months; p < 0.01, 95% CI of [0.2, 7.5]. Two 
(3.3%) patients in the FTCA group as compared to nine (15%) 
patients in the conventional group were transferred to reha-
bilitation facilities. The LOS was 0.3 (1.5) and 2.3 (5.7) days, 
respectively; p < 0.001, 95% CI of [0.6, 4.0].23 Authors con-
cluded that FTCA is a safe practice that decreases resource 
use for a 1-year period after index hospitalization.

Short-term results showed improvement in postextuba-
tion intrapulmonary shunt fraction and a reduction in ICU 
and hospital LOS.23

Volatile Anesthetic in Valvular Heart Surgeries
Patients undergoing mitral valve surgery may exhibit post-
operative depression of myocardial performance leading to 
postoperative morbidity and mortality.24 In MV surgery, there 
are prominent mechanisms of troponin release other than IR 
injury at work. These include cutting to remove valvular leaf-
lets, to open the atrial wall, and “acute afterload mismatch” 
because of partial or total destruction of the subvalvular 
apparatus. These would all result in significant increase in 
end systolic circumferential wall stress and geometric dis-
tortion of the left ventricle. The choice of an anesthetic that 
preserves myocardial function may help prevent such post-
operative cardiac dysfunction.24,25 In 120 patients who were 
undergoing CPB for mitral valve surgery, a subgroup analy-
sis of 20 patients with concomitant coronary artery disease 
showed reduction (p < 0.02) of median peak of troponin I in 
patients receiving desflurane compared with patients receiv-
ing TIVA (14.0 vs. 31.6 ng/dL). In same subgroup, seven of 
eight patients receiving desflurane underwent CABG surgery, 
whereas 9 of 12 patients receiving propofol underwent CABG 
surgery. Notably, no patient died among the eight patients 
who received desflurane, whereas 2 of 11 (18%) deaths were 
observed among the patients who received TIVA for MV sur-
gery with concomitant CABG surgery.25

In 76 patients, New York Heart Association (NYHA) classes 
II to III, presenting electively for aortic valve regurgitation 
(AVR) for severe symptomatic aortic stenosis (AS) and ran-
domized either into desflurane or TIVA group, desflurane 

resulted in shorter duration of postoperative mechanical 
ventilation, ICU and hospital stays, as well as cTn I (cTnI). 
There was no difference in terms of 30-day mortality, inci-
dence of arrhythmia, or need for cardioversion between the 
two groups (►Table 2). IMA has gained acceptance as marker 
for evaluation of myocardial injuries. Though no significant 
difference was found in levels of ischemia-modified albumin 
(IMA) and cTnI between study groups, post-CPB cTnI level 
was significantly higher than baseline in the TIVA group, 
showing a cardioprotective ischemia preconditioning effect 
of desflurane. TIVA group had lower mean arterial pressure 
(MAP) and recorded lower inotrope use.26

Cardiac Patients in Noncardiac Surgeries
Patients who undergo noncardiac surgery after coronary 
stent insertion are at an increased risk of perioperative car-
diovascular complications.

In a study of 1,630 patients done to understand the 
association between anesthetic agents and the risk of 
major adverse cardiovascular and cerebral event (MACCE) 
in patients undergoing noncardiac surgery with history of 
stent implantation 975 patients (59.8%) received TIVA, and 
655 patients received volatile anesthetic (40.2% includ-
ing sevoflurane 26.9% and desflurane 13.3%) during the 
surgery.26 Unmatched incidence of MACCE was significantly 
higher in the sevoflurane group than in the TIVA group 
(sevoflurane 8.2% vs. TIVA 5.1%, p = 0.006). However, there 
was no significant difference between the volatile and the 
TIVA groups (volatile group 7.2% vs. TIVA 5.1%, p = 0.087). 
On comparison of individual components of MACCE in 
respective groups, the incidence of pulmonary embolism 
was significantly higher in sevoflurane group compared 
to TIVA group (sevoflurane 1.6% vs. TIVA 0.2%, p = 0.005). 
Incidence of MACCE groups of any pair (TIVA 5.6 vs. volatile 
anesthetics 6.9%, p = 0.356; and TIVA 6.5% vs. sevoflurane 
7.7%, p = 0.507)27 was not significantly different after the 
propensity score matching.

The choice of anesthetic agent for noncardiac surgery did 
not significantly affect the development of MACCE in patients 
with previous coronary stent implantation. However, further 

Table 2  Comparison of the effects of inhalational anesthesia 
with desflurane and total intravenous anesthesia on cardiac 
biomarkers after aortic valve replacement

Parameters TIVA Desflurane p-Value

Duration of mechanical 
ventilation

14.03 9 0.000

ICU stays days 4.28 3.5 0.003

Hospital stays days 7.92 7.02 0.009

Duration of inotropes 
hours

52.86 62.08 0.000

Incidence of SVT 16.70% 17.50% 0.923

Incidence of VT/VF 19.40% 17.50% 0.827

30-day mortality 2 3 0.733

Abbreviation: ICU, intensive care unit; SVT, supra ventricular tachycardia; 
TIVA, total intra venous anaesthesia; VF, ventricular fibrillation; VT, 
ventricular tachycardia. 
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randomized trials are needed to confirm the results as in case 
of cardiac surgical patients with a high risk of postoperative 
myocardial injury, previous meta-analyses have reported 
reduced mortality after cardiac surgery when volatile anes-
thetics were used compared to TIVA.28

In another recent meta-analysis including 68 randomized 
trials, general anesthesia with volatile anesthetics was found 
to be associated with reduced mortality and a lower inci-
dence of postoperative pulmonary complications following 
cardiac surgery.28

Several meta-analyses have shown that desflurane and sevo-
flurane could reduce postoperative mortality and incidence 
of MI following cardiac surgery with significant advantages in 
terms of reduced postoperative cTnI release, need for inotropic 
support, time on mechanical ventilation, ICU, and overall hos-
pital stay. Decreased myocardial oxygen demand with volatile 
anesthetic will require further exploratory studies in this regard 
by a well-planned randomized controlled trial. Desflurane 
owing to its hemodynamic stability minimal cardiovascular 
depression and low solubility (lower partition coefficient) may 
offer better outcomes in variety of cardiac surgeries. The study 
in 60 elective patients with left ventricular ejection fraction 
above 30% indicated that desflurane might accelerate recovery 
of myocardial contractility with improved stability.29

Conclusion
With FTCA gaining popularity globally and eventually in coun-
try, it can portray desflurane as a unique new volatile anes-
thetic agent with significantly quicker recovery and better 
hemodynamic stability in patients undergoing cardiac surgery 
and cardiac patients undergoing noncardiac surgeries.
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