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Perioperative Management of Heart Failure
Abstract
Heart Failure (HF) is the outcome of most cardiovascular conditions. It is a common
complication of surgery that may present in patients with the chronic form of the disease,
but it may present in asymptomatic patients with preserved ejection fraction and diastolic
dysfunction. Even though HF is a clinical diagnosis, the echocardiogram, and natriuretic
peptides allow the classification of Left Ventricle HF (LVHF) into three different categories;
HF with reduced Ejection Fraction (HFrEF), ejection fraction <40%; HF with midrange EF
(HFmrEF), EF 40%-49%; and HF with preserved EF, EF>50%. Right ventricle heart failure
results from abnormal RV structure, function or both and presents with symptoms
similar to those of LVHF. HF is a predictor of increased perioperative risk and is higher if
the patient is decompensated, has a low EF or is symptomatic. Drugs to treat pre-existing
heart failure, arrhythmias, hypertension, and ischemic heart diseases should continue
during the perioperative period. Anesthesiologic management must ensure the proper
maintenance of organ flow and perfusion pressure. Volatile anesthetic agents offer better
cardio-protection than intravenous agents, and epidural anesthesia is preferable to spinal
anesthesia. The presence of abnormal perioperative filling pressures supports the early
use of inotropes instead of using additional fluids to control hemodynamic alterations and
avoid pulmonary edema and vascular overload. This review presents critical elements for
the proper perioperative management of heart failure.
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Introduction
Heart Failure (HF) is the outcome of most cardiovascular
conditions. It affects almost 26 million people and is responsible
for $31 billion in health costs [1,2]. The prevalence of HF varies
around the world, in Europe it goes from 1.36% in people aged
25-49 years to 16.14% in those older than 80 years [2]; in Asia is
1.3%-6.7%, and it had affected about 4 million people in China by
the year 2014 [3]. While in Latin America a metanalysis showed a
prevalence of heart failure of 1% (95% confidence interval (95%
CI), 0.1%-2.7%) [4], in the US 5.7 million people suffer from HF,
increasing to 8 million by 2030 [5].

surgery [8]. The 30-day postoperative mortality is 9.3% in nonischemic HF patients undergoing non-cardiac surgery and the
hospitalization rate at one month is 15.5% [9].
With the increasing prevalence of this condition and the aging
population, more and more patients need surgery at any point
during their illness and the correct assessment and management
of this disease is mandatory.

Are All Heart Failures Created Equal?

Worldwide about 200 million patients undergo non-cardiac
surgery every year, over 1 million dies within 30 days, and 20
million experience major adverse events [6,7].

HF is a clinical syndrome characterized by typical symptoms
(e.g. breathlessness, ankle swelling, and fatigue) and signs
(e.g. elevated jugular venous pressure, pulmonary crackles and
peripheral edema) caused by a structural and/or functional
cardiac abnormality, resulting in a reduced cardiac output and/or
elevated intracardiac pressures at rest or during stress [10].

Heart failure is a common cardiac complication of non-cardiac
surgery, often occurring in patients with known chronic heart
failure, but it may present in asymptomatic patients with
preserved ejection fraction (pEF) and diastolic dysfunction. The
incidence of primary cardiac complications after non-cardiac
surgery is between 2% and 3.5% but rises to 20% in cardiac

The structural or functional abnormality may appear years
before symptoms develop and become clear when extra stress
affects heart function. The American College of Cardiology (ACC)/
American Heart Association (AHA) stages of HF classification
recognizes four categories of disease progression [11]. Stage
A refers to patients at high risk of developing HF, stage B is
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structural heart disease but without signs or symptoms of HF,
stage C denotes patients with structural heart disease with prior
or current symptoms of HF, and, stage D describes patients with
refractory HF requiring specialized interventions [11].
Demonstration of an underlying cardiac cause is essential for the
diagnosis and treatment of HF. Symptoms of heart failure may
present in patients with reduced or preserved ejection fraction.
The European Society of Cardiology (ESC) recommends a definition
of HF based on ejection fraction (EF) [10]. All patients presenting
with symptoms ± signs of HF are categorized according to their
EF as HF with preserved ejection fraction (HFpEF) for those with
EF ≥ 50%, HF with midrange EF (HFmrEF) (EF 40%-49%) and HF
with reduced EF (<40%) (HFrEF) [10]. Patients with preserved and
midrange EF must have elevated levels of natriuretic peptides
(BNP >35 pg/mL and/or NT-proBNP >125 pg/mL) and, at least,
one additional criterion, either relevant structural heart disease
(left ventricular hypertrophy and/or left atrial enlargement) or
diastolic dysfunction [10]. In the acute setting, a higher value of
natriuretic peptides is used (BNP >100 pg/mL, NT-proBNP >300
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g/mL). The negative predictive values for natriuretic peptides
are high in both, non-acute and acute settings (0.94-0.98), but
the positive predictive values are low (0.44-0.57), so they are
useful to rule out but not to confirm the diagnosis of HF [10].
Natriuretic peptides may rise in cardiac conditions other than
HF, such as acute coronary syndromes, heart muscle disease,
atrial fibrillation, pericardial disease, cardioversion and; in noncardiac conditions, as in renal failure, advanced age, obstructive
sleep apnea, bacterial sepsis and severe burns [11]. Figure 1
summarizes an integrated approach to the diagnosis of heart
failure.
Right Ventricle Dysfunction (RVD) is the product of abnormal RV
structure, function or both. RV Heart Failure (RVHF) is a clinical
syndrome with signs and symptoms of HF resulting from RVD, and
it is caused by the inability of the RV to support optimal circulation
in the presence of adequate preload [12]. The Right Ventricle
(RV) morphology and structure are adapted to the physiological
conditions in the pulmonary circulation, which are low resistance,
high compliance, and low impedance. Therefore, it differs from

Figure 1 Diagnosis of heart failure.
HF: Heart Failure; TTE: Transthoracic Echocardiogram; LVEF: Left Ventricular Ejection Fraction; RV: Right Ventricle; HFrEF: HF with
Reduced Ejection Fraction; HFmrEF: Heart Failure with Mid-range Ejection Fraction; HFpEF: Heart Failure with a preserved Ejection
Fraction, LVH: Left Ventricular Hypertrophy, LAE: Left Atrial Enlargement, TAPSE: Tricuspid Annular plane Systolic Excursion; RVFAC:
Right Ventricular Fractional Area Change; LVHF: Left Ventricular Heart Failure; RVHF: Right Ventricular Heart Failure.

2

This article is available in: http://www.imedpub.com/journal-anaesthesiology-critical-care/

ARCHIVOS DE MEDICINA
Journal of Anaesthesiology and Critical Care
ISSN 1698-9465

the Left Ventricle (LV) with which connects functionally through
the interventricular septum and the pericardium [13]. The low RV
afterload permits forward flow into the pulmonary circulation to
occur in systole and early diastole. Coronary perfusion to the RV
occurs in systole and diastole, compared to diastolic flow in the LV,
making the RV dependent on systolic blood pressure [14]. Chronic
RVHF results from gradual increases in RV afterload caused by
pulmonary hypertension most often from LV failure [12]. The
prevalence of RVD may reach 48% in patients with HFrEF and 33%
in those with preserved ejection fraction [12]. Peripheral edema
is the most prominent clinical feature in chronic RVHF, but the
patients may complain of exercise intolerance and fatigue and
appear emaciated, tachypneic, and cyanotic. Clinical signs include
increased jugular venous pressure, Kussmaul’s sign (increase in
jugular venous pressure with inspiration), prominent v wave,
palpable RV heave, tricuspid regurgitant murmur, a pulsatile liver,
ascites, and other generic signs of reduced systemic hypotension.
Hypoxemia and cyanosis may occur due to right-to-left intracardiac shunting in patients with patent foramen ovale [12,14].
Echocardiography is the primary tool to diagnose, categorize and
follow patients with HF. It is noninvasive, non-expensive, widely
available, and allows classifying changes in the heart of affected
patients into structural and functional. Even though values
may vary according to the source, structural alterations keys to
diagnosing HF are a left atrial volume index (LAVI) >34 mL/m2 or a
left ventricular mass index (LVMI) ≥115 g/m2 for men and ≥95 g/
m2 for women [10]. The main functional alterations are an E/e’≥13
and a mean e’ septal and lateral wall <9 cm [10,15]. More recently
the American Society of Echocardiography and the European
Association of Cardiovascular Imaging (ASE/EACVI) published an
update with recommendations for the evaluation of LV diastolic
function by echocardiography [16]. The four recommended
variables and their abnormal cut off values in patients with
normal EF are annular e’ velocity (septal e’<7 cm/sec, lateral
e’<10 cm/sec), average E/e’ ratio >14, LA maximum volume index
>34 mL/m2, and peak Tricuspid Regurgitation (TR) velocity >2.8
m/sec [16]. Two or more of the characteristics above diagnoses
diastolic dysfunction. Sometimes, only the lateral e’ or the septal
e’ velocity is available, and a lateral E/e’ ratio >13 or septal
E/e’>15 is abnormal [16]. If the Transthoracic Echocardiogram
(TTE) study reveals normal systolic and diastolic function but the
clinical suspicion of HF is high, performing a diastolic stress test
may explain HFpEF in patients who report exercise intolerance
but do not have abnormal LVD function. Exercise is preferred
over dobutamine stress testing and is positive for stress-induced
diastolic dysfunction if all the three following measurements are
present: average E/e' >14, peak tricuspid regurgitation velocity
(TR) >2.8 m/sec, and septal e’ <7 cm/ sec. Increases of E/e’ >14
have a 90% sensitivity and 71% sensitivity for HFpEF and suggest
that exercise diastolic stress testing may rule out HFpEF [17].
In RVHF the echocardiographic evaluation includes measuring
the RV size and quantitating its function. An RV area larger than
LV area in end diastole in the apical 4-chamber view suggests RV
enlargement. A linear RV basal dimension >4.2 cm also suggests
RV enlargement. Tricuspid Annular Plane Systolic Excursion
© Under License of Creative Commons Attribution 3.0 License
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(TAPSE) is used to assess RV function (normal reference value ≥
1.7 cm). The RV Fractional Area Change (RVFAC) <35% and the
RV tissue Doppler S’ velocity <10 cm/s at the tricuspid annulus
signal RV systolic dysfunction [12]. RV diastolic dysfunction may
be measured with tissue Doppler early diastolic myocardial
velocity at the lateral tricuspid annulus (E) and early diastolic
tricuspid inflow (E') ratio (E/E') as demonstrated in patients with
pulmonary hypertension [12].
Pathologic ventricular remodeling is responsible for the
echocardiographic characteristics of HF. It includes alterations
in heart dimensions, mass, and shape in response to molecular,
biochemical, and mechanical changes. Remodeling involves
all cells and components of the entire heart: cardiomyocytes,
fibroblasts, endothelium, and the interstitium. The main
macrostructural characteristics of cardiac remodeling are
ventricular hypertrophy and dilation due to cardiomyocyte
reorganization and elongation, increased ventricle wall tension,
and impaired subendocardial perfusion [18]. Several cellular
changes, such as cardiomyocyte hypertrophy, myocytes apoptosis
and necrosis, fibroblast proliferation, accumulation of proinflammatory mediators, and extracellular matrix reorganization
with fibrosis induction, accompany cardiac remodeling. Many
factors influence the progression of cardiac remodeling, including
the severity of the causing event, possible secondary events,
adaptive compensating mechanisms, adverse reactions, and the
efficacy of treatment [18].

Surgery in the Patient with Chronic
Heart Failure
The risk of perioperative mortality in patients with Chronic Heart
Failure (CHF) is two-fold to four-fold higher compared with patients
with isolated coronary artery disease. Patients with history/signs
of heart failure undergoing non-cardiac surgery have an increased
risk of death and Major Adverse Cardiac Events (MACEs) (relative
risk 3.4). Other factors associated with preoperative MACE are
a decreased Left Ventricular Ejection Fraction (LVEF) with the
highest risk group being those with an LVEF <30% [19,20]. The
Revised Cardiac Risk Index, derived from the assessment of 4315
patients aged 50 years or older undergoing elective major noncardiac surgery, demonstrated the importance of HF to predict
complications [21]. Heart failure is a predictor of increased
perioperative risk. The risk is higher with decompensated versus
compensated heart failure, systolic (reduced ejection fraction)
versus diastolic (preserved ejection fraction) heart failure, and
symptomatic versus asymptomatic heart failure [22,23]. In open
vascular surgery both asymptomatic systolic and isolated diastolic
LV dysfunctions were associated with 30-day cardiovascular
events (odds ratios 2.3, 95% confidence interval [CI] 1.4-3.6 and
1.8, 95% CI 1.1-2.9, respectively) and long-term cardiovascular
mortality (hazard ratios 4.6, 95% CI 2.4-8.5 and 3.0, 95% CI 1.56.0, respectively) [22]. In endovascular surgery, only symptomatic
heart failure had 30-day cardiovascular events (odds ratio 1.8,
95% CI 1.1-2.9) and long-term cardiovascular mortality (hazard
ratio 10.3, 95% CI 5.4-19.3) [22]. HFrEF carries the worst prognosis
in surgery irrespective of the procedure performed, and an EF<30
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is an independent predictor for adverse perioperative events (OR
2.84, (95% CI 1.19-6.79) [19]. Stabilization of ventricular function
and treatment for pulmonary congestion before elective surgery
should be a primary goal. Also, it is crucial to determine the etiology
of the left heart failure because the perioperative monitoring and
treatment are different [24]. Even though echocardiography is of
utmost importance to assess patients with HF, current evidence
does not support its use in asymptomatic patients (grade of
recommendation -weak, level of evidence low), but is useful in
evaluating left ventricular function in patients scheduled for highrisk surgery (grade of recommendation +strong, level of evidence
low) [25]. The symptoms of angina and those of heart failure
prompt further evaluation with echocardiography.
Most anesthetic techniques reduce sympathetic tone, leading
to a decrease in venous return due to increased compliance
of the venous system, vasodilatation and, decreased blood
pressure; thus, anesthesiologic management must ensure proper
maintenance of organ flow and perfusion pressure [26]. When
vital functions are under control, the selection of the anesthetic
agent is not a crucial decision. However, the guidelines suggest
that using volatile anesthetic agents offer better cardioprotection
than Intravenous (IV) agents in patients with cardiac disease
undergoing cardiac surgery [26]. Data on non-cardiac surgery are
scarce [26].
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CI, 1.24 to 3.32; 1,814 patients), but did not show a relationship
of 30-day or in-hospital mortality and DD, odds ratio with wide CI
for DD (mixed grades) versus normal diastolic function (OR, 1.10;
95% CI, 0.62 to 1.94) [7]. HFpEF was an independent risk factor of
in-hospital mortality (hazard ratio=1.86; 95% Confidence Interval
(CI), 1.16-2.98; P=0.01) and postoperative shock (adjusted odds
ratio= 2.9; 95% CI, 1.5-3.0; P<0.001) in patients undergoing
cardiothoracic surgery [28].
Pathophysiological characteristics of HFpEF are a concentric
remodeling or ventricular hypertrophy resulting in pressure
overload, and backward heart failure [18] hence the typical
symptoms of heart failure develop. The remodeled LV is stiff, and
at any blood volume, it responds with a higher filling pressure.
Diastolic dysfunction is related to chronic hypertension, ischemic
heart disease or diabetes mellitus but can be associated with
valvular heart disease, restrictive, infiltrative, or hypertrophic
cardiomyopathies. DD can coexist with systolic dysfunction
worsening the patient’s prognosis and management.

Perioperative Assessment and
Management

Most acute perioperative heart failure cases occur in patients
who have decreased cardiovascular reserve before surgery. In
the perioperative period, patients may face numerous triggers
of acute heart failure, including hypertension, tachyarrhythmias,
anemia, hypercoagulability, inappropriate fluid management,
pain, surgical stress, and myocardial ischemia. Other possible
causes of perioperative heart failure include acute or chronic
valvular heart disease, pulmonary or fat emboli, which can
present as an acute right ventricular failure [8]. Anesthesiologists,
Internists, and Cardiologists involved in the care of these patients
must recognize potential complicating conditions to treat them
before they can compromise the patients’ lives.

Patients with HF symptoms should undergo a further clinical
evaluation to determine risk factors associated with diastolic
heart failure (Table 1) and echocardiographic assessment to test
systolic and diastolic function. HFpEF patients are older, more
hypertensive, obese, diabetic, and likely to have atrial fibrillation
compared with patients with HFrEF [17]. When the clinical and
echocardiographic evaluations do not establish the diagnosis of
heart failure, BNP measurement or diastolic stress testing are
useful. If ischemia is the underlying mechanism of HFpEF, the
patient must have coronary angiography, and any lesion treated.
If delaying surgery for long is not an option, a bare metal stent
is preferred, and double antiplatelet therapy indicated for 4-6
weeks. With a Drug Eluted Stent (DES), antiplatelet treatment is
kept for 3-12 months, but non-cardiac surgery should be delayed
for a year after DES implantation [27,29]. The ACC/AHA guideline

Heart Failure with Preserved Ejection
Fraction

Table 1 Risk Factors for Diastolic Heart Failure in Preoperative Anesthetic
Evaluation.

HFpEF goes unnoticed because patients remain asymptomatic
under normal life energy expenditure. However, when they reach
the ward after an operation, they often end up in the Intensive
Care Unit (ICU) with unstable vital signs in combination with
pulmonary edema, which are not responsive to the normal use of
Intravenous (IV) epinephrine or norepinephrine [27]. The former
leads to poor outcomes, caused by Left Ventricle (LV) Diastolic
Dysfunction (DD) regardless of LV Systolic Dysfunction (SD), with
hemodynamic instability developing due to surgery-induced
adrenergic stimulation and anesthesia-induced sympathetic
attenuation, resulting in a lengthy stay in the ICU or even death
[27]. A metanalysis showed a significant association of DD with
pulmonary edema/congestive heart failure (odds ratio [OR],
3.90; 95% CI, 2.23 to 6.83; 996 patients), myocardial infarction
(OR, 1.74; 95% CI, 1.14 to 2.67; 717 patients), and the composite
outcome of major adverse cardiovascular events (OR, 2.03; 95%
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History of diastolic heart failure
Age >70, female
Diabetes, chronic kidney diseases
Recent weight gain (fluid overload) or obesity
Systolic hypertension with increased pulse pressure (>70 mmHg)
Jugular venous distension (or CVP >16 mmHg)
Cardiomegaly or pleural effusion on radiography
Previous CAD, LVH, AF on ECG
Normal EF, LAE, LVH (with tachycardia) in echo report
BNP >120 (BNP of 200 pg/mL may not be clinically significant in older,
post-menopausal women)
Exercise intolerance or exertional dyspnea
Ankle edema (peripheral edema)
CVP: Central Venous Pressure; CAD: Coronary Artery Disease; LVH: Left
Ventricular Hypertrophy; AF: Atrial Fibrillation; ECG: Electrocardiography;
LAE: Left Atrial Enlargement; BNP: Brain Natriuretic Peptide.
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recommends postponing any non-emergent surgery for at least
three months after a medicated stent implant due to the risk of
stent thrombosis [26].
When echocardiography is performed with the patient under
general anesthesia, filling parameters should favor the lateral
mitral annular tissue Doppler velocity because is the most loadindependent measure in the diastolic evaluation, and is the least
affected parameter with changes in preload [17].
Statins should be continued in patients already on them
[26,29]. Because the renin-angiotensin-aldosterone system
plays a vital role in the development of DHF and myocardial
remodeling and fluid retention, angiotensin-converting enzyme
inhibitors, angiotensin receptor antagonists, and aldosterone
antagonists have been proposed for treatment and may be used
perioperatively [26,27,29]. Angiotensin Enzyme Inhibitors (ACEIs)
or Angiotensin Receptors Blockers (ARBs) should be considered at
least one week before surgery in cardiac stables patients with HF
and LV systolic dysfunction [26], but there is no clear indication
for using them in patients with preserved ejection fraction. The
Effects of Candesartan in Patients with Chronic HF and Preserved
Left-Ventricular Ejection Fraction (CHARM-Preserved) trial did
not show a survival benefit of candesartan as an ARB in patients
older than 18 years after a median follow-up of 36.3 months
[30]. Likewise, the Irbesartan in Patients with Heart Failure and
Preserved Ejection Fraction (I-PRESERVE) trial did not show fewer
outcomes in those patients receiving the active drug [31].
Drugs to treat pre-existing heart failure, arrhythmias,
hypertension, and ischemic heart diseases (e.g., diuretics,
β-blockers, calcium channel blockers, antiplatelet agents) should
continue during the perioperative period [27]. Two meta-analyses
have shown β-blockers to decrease all-cause mortality with
no difference in HF hospitalizations [32,33]. β -blockers should
continue throughout the perioperative period in patients who
were already taking them before surgery for other indications
such as angina, hypertension, and symptomatic arrhythmias.
Preoperative β-blockers are indicated in patients undergoing
high-risk vascular surgery or those having high preoperative
Cardiac Risk Index Score. In patients with intermediate-to-low
cardiac risk, the proven benefit does not suggest universal use
[34].
During volatile or intravenous anesthesia, the patient preserves
the myocardial performance through maintenance of ventriculoarterial coupling, the abnormal vascular tone from external or
native sympathetic-driven activation can lead to elevations in
the left ventricular end-diastolic pressure and left atrial pressure
[17]. The presence of abnormal diastolic filling patterns may
guide perioperative management of the amount of fluid allowed
and supports the early use of inotropic drugs for alterations in
hemodynamics as opposed to additional fluid administration
to avoid pulmonary edema and vascular overload. In the event
the patient has elevated diastolic filling pressures, the first-line
intervention for hypotension often is inotropic support and not
the fluid administration to prevent further increases in left atrial
pressure, which may cause pulmonary edema [17].
© Under License of Creative Commons Attribution 3.0 License
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Throughout anesthesia, monitoring the volume status is important
because these patients are susceptible to changes secondary to
surgical bleeding and variations in sympathetic tone that may
manifest later in the perioperative period. Thus, inserting an
arterial line is necessary for invasive arterial monitoring, indirect
assessments of preload by stroke volume variance, and frequent
blood sampling; the timing of each depends on experience
and local practice. In major or vascular surgery, central
venous catheterization, pulmonary artery catheterization, and
transesophageal echocardiography may contribute to assessing
intravascular volume [27]. There is still debate on the choice of
regional versus general anesthesia, and there are no definitive
recommendations either way. However, epidural anesthesia is
preferable to spinal anesthesia because of slower hemodynamic
changes from the onset time and the smooth removal of
sympathetic tone. Besides, for general anesthesia, IV induction
and maintenance with balanced anesthesia of volatile agents and
opioids are recommended [27]. Sevoflurane during spontaneous
ventilation preserves diastolic relaxation better than propofol,
but there are no differences between them regarding diastolic
function during positive pressure ventilation through balanced
anesthesia [27]. Isoflurane, desflurane, and sevoflurane had no
significant effect on diastolic function in healthy volunteers or
patients with diastolic disfunction and improved LV relaxation
[35]. Barbiturates and ketamine exert similar effects on diastolic
function by inhibiting sarcolemmal transport of calcium ions,
and ketamine, in addition, can reduce chamber compliance [36].
Etomidate, propofol, morphine, midazolam, and remifentanil
do not appear to have any effect on diastolic performance [36].
Intraoperative Blood Pressure (BP) control is essential; systolic BP
must be within a 10%-20% of the baseline value and PP should
be below the diastolic BP. In the postoperative period, hypoxemia
and Atrial Fibrillation (AF) are the most common complications.
Volume overload can cause pulmonary edema, AF or both and
maintenance of nitroglycerin at a low dose (25 μg/min) may
avoid these complications [27].

Heart Failure with Reduced Ejection
Fraction
Almost 50% of patients diagnosed with HF have a low ejection
fraction. Common risk factors to develop HF includes coronary
artery disease, arterial hypertension, valvular diseases, AF, and
idiopathic cardiomyopathies. Other factors associated with HF
are cardiotoxic medication, cancer therapy, viral myocarditis, and
drug and alcohol abuse [20]. Prognosis for survival in patients
undergoing high or intermediate risk noncardiac or cardiac surgery
is worse in patients with depressed LVEF [25], particularly in those
with EF<30% [20]. Ventricular dysfunction rises the perioperative
mortality risk 3 to 10-fold among patients undergoing coronary
revascularization [37]. Most acute perioperative heart failure
occurs in patients who have decreased cardiovascular reserve
before surgery. In the perioperative period, patients may face
numerous triggers of acute heart failure, including hypertension,
tachyarrhythmias, anemia, hypercoagulability, inappropriate
fluid management, pain, surgical stress, and myocardial ischemia.
Cardiac surgery can have additional complications including
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spasm or occlusion of a coronary graft, prosthetic paravalvular
regurgitation, cardiac tamponade, and pneumo or hemothorax
[8].

Perioperative Assessment and
Management
Patient management should be directed to maintain forward flow
to reduce coronary ischemia, pulmonary hypertension and acute
and chronic end-organ dysfunction due to hypoperfusion and to
promote inotropy without inducing or worsening ischemia [37].
The ESC guidelines recommend therapeutic optimization
using β-blockade, ACE/ARB inhibition, and diuretics (Class A).
For patients newly diagnosed with CHF, it is recommended to
postpone surgery for three months to allow adequate titration
of medication for treatment [26]. Baseline medication must
continue throughout the whole perioperative period in stable
CHF. In individual cases, ACE/ARB inhibitors can be discontinued
at the morning of surgery to avoid severe arterial hypotension
after induction of anesthesia [26]. With emergency surgery
and evidence of preoperative acute HF and congestion the
surgical procedure should be postponed, if possible until cardiac
recompensation and euvolemia are achieved [20]. Clinical
and physical findings are the basis for the diagnosis of acute
perioperative HF. Orthopnea, abdominal discomfort, nausea, and
vomiting in a patient with a prior diagnosis of HF should prompt
the search of additional signs of acute decompensation such as
hypotension, tachycardia, hepatic congestion, oliguria, cyanosis,
mottling, and disorder consciousness. The association of low
cardiac output and tissue hypoxia in the absence of hypovolemia
define cardiogenic shock [8]. Additional tests such as ECG, chest
radiograph, echocardiogram, and biomarkers are appropriate in
this setting. Current evidence does not support the routine use
of a pulmonary artery catheter, and the Canadian guidelines on
Perioperative Cardiac Risk Assessment recommend against its
application in non-cardiac surgery [38].
Induction of general anesthesia leads to vasodilation, loss of
sympathetic tone and a shift of volume from the intrathoracic
to the extrathoracic compartment. Induction reduces systemic
arterial pressure by 20%-30%, intubation increases blood
pressure by 20-30 mmHg, and drugs such as nitrous oxide can
reduce cardiac output by up to 15% [25]. Mechanical ventilation
influences the normal heart-lung interaction. Blood pressure
is often decreased after induction and during maintenance of
anesthesia. When comparing induction agents, propofol has the
most pronounced effects on systemic vascular resistance. Recent
studies have shown that Cardiac Output (CO) is not different
when comparing etomidate, propofol or midazolam as induction
agent [20]. Spinal or epidural (known as neuraxial) anesthesia
also induces sympathetic blockade. When reaching the thoracic
dermatome level 4, a reduction in the cardiac sympathetic drive
may occur, with a subsequent decrease in myocardial contractility,
heart rate, and change in cardiac loading conditions [26].
There are no large Randomized Clinical Trials (RCT) assessing
the benefit of volatile agents over IV anesthesia in heart failure
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patients. Even though there is conflicting evidence, the guidelines
favor the use of inhaled anesthesia in patients with cardiac
disease undergoing cardiac surgery but mention no specific
recommendation on patients with HF. A meta-analysis showed
a 50% decrease in mortality after cardiac surgery (2.6% vs.
1.3%) odds ratio (OR) = 0.51, 95% confidence interval (CI) 0.330.81, p=0.004, the number needed to treat, 74, in patients who
received sevoflurane or desflurane compared with those who
received IV anesthesia but does not mention how many patients
had HF [39]. Preconditioning and postconditioning mechanisms
that attenuate apoptosis and necrosis and reduce myocardial
dysfunction after ischemia and reperfusion may be responsible
for this effect [39].
A multicenter randomized trial by Landoni et al. compared
sevoflurane at 0.5-2 Minimum Alveolar Concentration (MAC),
equal to 1-4 vol%, 4-6 h (from induction of anesthesia to transport
to the Intensive Care Unit (ICU) and including cardiopulmonary
bypass) with propofol at an infusion rate of 2-3 mg/kg/h for the
same period of 4-6 h, in 200 patients undergoing high-risk cardiac
surgery. The mean surgery time was 288 min in the propofol group
and 295 min in the sevoflurane group. There was no beneficial
effect of sevoflurane on the composite endpoint of prolonged ICU
stay, mortality, or both. These results are difficult to extrapolate
to patients with HF since only 18% of those in the propofol group,
and 12% in the sevoflurane group had this condition [40].
In a small randomized trial in patients undergoing minimally
invasive mitral repair, Moscarelli et al. compared sevoflurane
at a minimum dose of 1 MAC (average 1.2 ± 0.2) with propofol
at a starting dose of 2 mg/kg and maintained at 0.1-0.5 mg/kg/
min during the procedure. The mean operation time was 320
± 50.6 min in the propofol group and 322 ± 41 min (p=0.88) in
the sevoflurane group. The authors used the values of cardiac
troponin I (cTnI) at 6 hours after surgery as a measure of cardiac
protection and found a nonsignificant 8% lesser increase of cTnI
in the propofol group compared to the sevoflurane group [41].
In this study, only 3/31 patients (9.6%) in the propofol group and
4/31 (12.9%) in the sevoflurane group had an EF<50%.
A study conducted in patients with Coronary Artery Disease (CAD)
undergoing vascular surgery compared the cardioprotective
effects of sevoflurane with those of propofol. Patients randomized
to the sevoflurane arm maintained a MAC of 1-1.5 and those in
the propofol group had an induction dose of 1-2 mg/kg and a
maintenance dose 2-3 mg/kg/h. The mean EF was 45 ± 3.8%
and 45 ± 3.9% respectively (p>0.05). The cTnI levels at six hours
postoperatively were significantly lower in the sevoflurane group
than in the propofol group [42].
A meta-analysis by Zorrilla-Vaca et al. demonstrated that different
volatile drugs had similar protective benefits in postoperative
outcomes of cardiac surgery [43].
More recently, an RCT compared isoflurane (titrated to maintain
an end-tidal concentration between 0.8 and 1.2) with propofol
(10 mg/kg/h for the first 10 min, then 8 mg/kg/min for the next
10 min and 6 mg/kg/min thereafter) in coronary artery bypass
surgery and found similar outcomes in both groups [44]. The
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EF was 58.3 ± 6.03% and 54.8 ± 3.9% respectively. It seems that
IV and inhalation anesthesia are equally effective and safe in
patients with preserved or mid-range EF while volatile agents
offer more protection in HFrEF. Large RCTs in patients within the
whole spectrum of HF are necessary to establish who can benefit
from either agent group.
Intra-aortic Balloon Pump (IABP) has shown utility in right or
left ventricle failure by augmenting cardiac function, increasing
coronary perfusion and decreasing myocardial oxygen demand,
thus providing temporary support for reversible myocardial failure.
Contraindications to the use of IABP include aortic insufficiency,
dissection or an aneurysm, severe peripheral vascular disease,
or severe blood dyscrasias [37]. However, a recent randomized
trial using IABP in high-risk patients (European System for
Cardiac Operative Risk Evaluation (EuroSCORE) >6 or LVEF <40%)
undergoing coronary artery bypass graft (CABG) surgery, showed
no benefits of IABP compared with usual care for a composite
outcome of 30-day mortality and major complications [47.8% vs.
46.2%, (absolute risk difference, 1.6%; 95% CI, –12.7% to 15.8%;
p = 0.46) p=0.46] [45]. An accompanying metanalysis reported
in the former trial confirmed the lack of survival improvement in
these patients with the use of IABP. In hemodynamically stable
patients with LVEF <35% subject to nonemergent coronary
operations, the use of IABP did not result in a lesser mortality
rate [46].
In patients with resynchronization devices, it is recommended
to keep the device on to provide better hemodynamic stability.
Postoperative interrogation of the resynchronization system
is mandatory to rule out damage to the equipment and leads
and to establish new settings to fit hemodynamic needs or to
adjust for higher output requirements by the myocardium [35].
An Implantable Cardioverter Defibrillator (ICC) can misinterpret
electromagnetic interference from the electrocautery as
arrhythmia and deliver an inappropriate shock to the patient.
ICDs can be programmed, or magnets can inhibit ICD arrhythmia
detection and tachyarrhythmia functions. The Heart Rhythm
Society (HRS) and American Society of Anesthesiologists (ASA)
recommend the inactivation of ICDs for all procedures above the
umbilicus involving electrocautery or radiofrequency ablation
[47,48].
Intraoperative and postoperative transesophageal and
transthoracic echocardiography should be performed as early
as possible to get data on regional or global, right and or left
ventricular dysfunction, cardiac tamponade, cardiac thrombi,
valvular dysfunction and preload estimation [8].
The anesthesiology team should monitor intraoperative fluids.
Due to low ejection fraction, LV enlargement, and elevated filling
pressures, potential fluid overload may lead to heart failure or
pulmonary edema.
Volume management using dynamic preload indicators like Pulse
Pressure Ventilation (PPV) and Stroke Volume Variation (SVV) are
often recommended, and these parameters showed superior
results when compared with classical preload indicators like
Central Venous Pressure (CVP) or Pulmonary Capillary Wedge
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Pressure (PCWP). However, a PCWP of 12-15 mmHg or a CVP of
8-12 mmHg is recommended in cardiac surgery patients to aid
in intraoperative fluid management [49]. There is no evidencebased data to support the routine use of PCWP monitoring;
one possible exception is the patient with severe pulmonary
hypertension and at risk of for acute exacerbation of Right
Ventricle (RV) dysfunction [20].
Maintaining an adequate CO may require the use of inotropes.
However, a meta-analysis showed that dobutamine was not
associated with improved mortality in patients with acute
heart failure compared with controls, OR 1.47 (95% CI=0.982.21, p=0.06) [50]. In another meta-analysis levosimendan, a
calcium sensitizer that enhances myocardial contractility without
increasing myocardial oxygen use revealed a reduction in overall
mortality rate compared with a control group of 17.4% vs. 23.3%
(risk ratio 0.80 (0.72-0.89), p<0.001) in cardiac surgery and
cardiology settings [51].
Mechanical ventilation may reduce venous return and CO. A large
Tidal Volume (TV) can reduce cardiac filling; therefore a TV of 6-8
mL/kg can be used [49].

Right Ventricle Heart Failure
Left- and right-sided heart failure are separated syndromes;
however, patients often present with a combination of both,
what is called global congestive heart failure [18].
Optimization of RV filling pressure and function are primary goals
in the perioperative management of RVHF.
Diuretics are the mainstay of treatment in chronic RVHF. The dose
of diuretic therapy varies according to pathogenesis, severity, and
coexisting renal disease. In RVHF patients can have normal or low
LV filling pressures so close monitoring is necessary to prevent
pre-renal azotemia or worse renal function. The goals of volume
management in the chronic setting of RVHF are to maintain an
adequate preload to keep proper cardiac filling while providing
relief from RV volume overload, ventricular interdependence,
and congestion [12]. Even though there are no clear guidelines
to manage RVHF in contrast to HFrEF, there is evidence derived
from small-scale studies to support the use of β-blockers and
ACEI/ARBs and hydralazine [12]. Vasodilators, like hydralazine,
are associated with severe adverse events. At present, the use
of angiotensin-converting enzyme inhibitors, angiotensin-2
receptor blockers, and β-blockers is not recommended in
patients with pulmonary hypertension (PH) regardless of RVHF
unless associated with coexisting hypertension, coronary artery
disease, or LVHF [52]. Digoxin and pulmonary vasodilators are
useful sometimes. Sinus rhythm is the best option because atrial
fibrillation and heart blocks are not well tolerated [14].
In acute decompensated RVHF the goals are to optimize rate
and rhythm, reach optimum RV filling and maintain adequate
right ventricle perfusion [14]. Hemodynamic monitoring with a
central venous catheter or Pulmonary Artery (PA) catheter can
be informative if the volume status is uncertain or if a patient has
hemodynamic instability or worsening renal function in response
to therapy. The belief that the failing RV should be volume-loaded
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is not accurate. Overfilling stretches the TV annulus, increases
TR, aggravates organ congestion, and decreases TSG and CO.
If the CVP exceeds 8 to 12 mm Hg, the patient benefits from
decongestion to restore more favorable intraventricular loading
conditions and normalized interventricular interaction [12,14].
Nitroglycerin and sodium nitroprusside have short half-lives
and are useful to reduce afterload increasing RV and LV systolic
volume and facilitating decongestion of the pulmonary and
systemic circulations [12]. Inotropes may be needed to augment
contractility and increase forward flow, but clinical guidelines
recommend against its routine use in hospitalized patients
with acute HF [12]. The inotropic choice is a β-agonist (e.g.,
dobutamine) or a phosphodiesterase-3 inhibitor (e.g., milrinone).
However, their increased contractility may offset their effect on
reducing Systemic Vascular Resistance (SVR), especially milrinone.
Dobutamine, starting at 2.5-5.0 mcg/kg/min, causes much less
vasodilation. In severe RV shock, combination inotropy, with low
dose milrinone (0.2 mcg/kg/min) and low dose dobutamine (2.5
mcg/kg/min), may be the best choice for increasing contractility
with fewer side effects than any drug alone [14]. Perfusion can
improve by using inotropes. The inotropic properties and dosedependent vasopressor effect from the α1-agonists, dopamine,
norepinephrine, and epinephrine are useful adjuncts to augment
contractility in the setting of significant hypotension (systolic BP
<80–90 mm Hg) [12].
During non-cardiac surgery, perioperative RV failure is most
often, although not only, secondary to acute pulmonary
hypertension (increased afterload). In cardiac surgery, volume
overload, myocardial ischemia, preexisting RV dysfunction, or
arrhythmias. In patients who develop Pulmonary Hypertension
(PH) there are no evidence-based data on which anesthesia
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