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ABSTRACT

Purpose of review: Coronary artery bypass grafting, revascularization by percutaneous
coronary intervention, and heart valve surgery are crucial therapeutic interventions for
patients with various cardiovascular diseases. The objective of this literature review was to
present the main evidence and practical aspects of the perioperative management of patients
undergoing coronary artery bypass grafting and heart valve surgery. Recent findings: Despite
advancements in surgical and anesthetic techniques, coronary artery bypass grafting and
heart valve surgery present significant risks for perioperative complications and death. These
complications increase morbidity, mortality, and length of hospital stay. Coronary artery bypass
grafting is indicated for patients with significant left main or advanced coronary artery disease.
Most patients undergoing coronary artery bypass grafting with a reasonable life expectancy
are advised to adopt a multiple-arterial graft strategy using two or three arterial grafts.
Revascularization by percutaneous coronary intervention is frequently performed to alleviate
symptoms in patients with stable angina and coronary artery stenoses causing moderate or
severe ischemia. Intraoperative coagulation management should include tranexamic acid after
the induction of anesthesia and protamine immediately after the termination of extracorporeal
circulation. The prophylactic use of fresh-frozen plasma, desmopressin, recombinant activated
factor VII, or fibrinogen to reduce bleeding is not recommended. Inhaled anesthetics have
recognized cardioprotective properties; however, it is unclear whether anesthesia with a
volatile agent can reduce mortality in patients undergoing elective surgery. Echocardiography
plays an important role in the perioperative management of patients by defining myocardial
structure, assessing intracardiac blood flow, aiding preoperative evaluation, facilitating
intraoperative monitoring, and providing real-time guidance for intervention. The perioperative
management of patients undergoing coronary artery bypass grafting, percutaneous coronary
intervention, and heart valve surgery is highly complex and involves numerous specific
conditions. Effective management requires dedicated multidisciplinary teams skilled in timely
recognition, prevention, and treatment to ensure appropriate care.

Keywords: Critical care; Anesthetics; Thoracic surgery; Heart failure; Coronary artery bypass;
Percutaneous coronary intervention; Heart valves; Monitoring, intraoperative
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INTRODUCTION

The history of cardiac surgery is surprisingly recent,
and its development has been remarkably rapid. In the
late 19" century, cardiac surgeries were performed by
introducing instruments or fingers into the heart cavities
with limited direct visualization. With advancements
in knowledge and technology, procedures such as
extracorporeal circulation, minimally invasive surgery,
and robotic surgery are now performed safely.() These
significant advancements in perioperative care have
made older and ailing patients eligible for procedures
that were previously considered too risky.” Recent
advancements in knowledge and technology, along
with the growing number of studies published in this
field, have contributed to a better understanding of
the characteristics of patients undergoing coronary
artery bypass grafting (CABG), percutaneous coronary
intervention (PCI), and heart valve surgery. The
objective of this literature review was to present the
main evidence and practical aspects of the perioperative
management of patients undergoing CABG and heart
valve surgery.

RISK STRATIFICATION AND RISK SCORING IN
CARDIAC SURGERY

Preoperative evaluation and surgical risk are well-
established principles that play a significant role in
determining perioperative risk and guiding the decisions
of heart teams. Preoperative evaluation and risk
assessment have significant implications for individual
patients and facilitate outcome comparisons between
institutions and surgeons. Scores can be considered an
objective measure of patient benefit, and treatment
decision-making should consider perioperative evaluation
and surgical risk and align with the patient’s values and
preferences. It is also important to highlight that all the
models share important limitations because the risk
factors included in the model can change over time. The
following scores will be described: European System for
Cardiac Operative Risk Evaluation (EuroSCORE),*%
Society of Thoracic Surgeons (STS),® synergy between
PCI with taxus and cardiac surgery (SYNTAX).®? Is
worth noting that these scores are described separately.
However, they can be used in combination.

EuroSCORE

The EuroSCORE was first published in 1999®) and
updated to EuroScore II in 2012.) EuroSCORE
I is calculated based on 17 variables, including
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comorbidities, clinical and laboratory variables, imaging
tests, previous surgeries without revascularization,
and complications after previous acute myocardial
infarction.®) The models were based on the presence or
absence of risk factors, and the outcomes measured were
in-hospital mortality and mortality within 30 days.®

The current recommendation favors EuroSCORE
IT over EuroSCORE because EuroSCORE 1I is more
accurate and presents greater discrimination capability.®)
EuroSCORE II was developed by analyzing a cohort
of 22,381 patients from 154 European hospitals across
43 countries over 12 weeks.® This model effectively
stratified the risk of in-hospital mortality in patients
undergoing cardiac surgery, particularly those undergoing
isolated CABG. However, its accuracy decreased when
applied to valve surgery patients or combined with
other procedures, notably because <30% of the cohort
analyzed involved valve procedures. Given its low
discrimination ability for valve surgery and tendency
to overpredict risk, caution is advised when using this
score.® EuroScore II is a score that calculates the
probability of death, ranging from 0% to 100%.© The
EuroSCORE I and II calculators are available online at
WWW.Euroscore.org.

STS score

The STS was first published in 1994, and its latest version
was published in 2018.®) The score is calculated using
planned surgery, demographic variables, laboratory values,
preoperative medications, risk factors, comorbidities,
and immediate preoperative conditions. The STS score
was determined by analyzing a cohort of isolated CABG
procedures (n=439,092), isolated aortic or mitral valve
surgeries (n=150,150), and combined valve and CABG
procedures (n=81,588).®) Notably, the newer STS score
features separate models for various perioperative
outcomes, including operative mortality, morbidity or
mortality, stroke, renal failure, reoperation, prolonged
ventilation, deep sternal wound infection, and long
(>14 days) or short (<6 days) hospital stays.®) Each
perioperative outcomes was estimated as a percentage
of the STS score. Calibration of the STS score was
generally excellent, except for the deep sternal
wound infection/mediastinitis model, which slightly
underestimated the risk.® The STS score calculator is
available online at www.sts.org.

SYNTAX score
The SYNTAX score was first published in 2005;©
SYNTAX Score II was published in 2013 and revised
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in 2020.® The original score was derived from the
SYNTAX trial. It was developed based on angiographic
findings to determine the risk and odds of long-term
success of revascularization using drug-eluting stents
or surgical intervention.® The SYNTAX Score II
was created from the original model to define the
best strategy for complex coronary artery disease by
incorporating the clinical and angiographic parameters
mentioned above.”” These variables included age,
aortic lesion, bifurcation or trifurcation, calcification,
chronic obstructive pulmonary disease, creatinine
clearance, sex, injury length, left ventricular ejection
fraction, dominant coronary system, left main disease,
peripheral vascular disease, thrombus, tortuosity, total
coronary obstruction, and which segments are affected
by lesions.

Currently, the SYNTAX score is objectively used
to measure and stratify the anatomical complexity of
coronary artery disease and identify patients who may
benefit more from conventional CABG than PCI.
Angiography is the standard method used to define
coronary anatomy and assess the severity of coronary
arterial stenosis, and the gold standard supports the
score. However, the usefulness of SYNTAX score
calculation in treatment decisions is uncertain due of
interobserver variability. A strong point of the SYNTAX
Score II 2020 is that it individually predicts mortality
risks for PCI and CABG, thus allowing for quantitative
comparisons between these coronary revascularization
therapies for any given patient.”)> Moreover, by providing
the expected probabilities of 5-year and 10-year outcomes,
the score could improve communication to inform
patients and their families about the risks and benefits
of these treatments for complex coronary artery disease.
The SYNTAX score calculator is available at www.
syntaxscore.org.

THE CABG PROCEDURE

Coronary artery bypass grafting is a surgical procedure
used to treat coronary artery disease, in which autologous
arteries or veins are used as grafts to bypass partially
or fully obstructed coronary arteries.'” The procedure
aims to restore adequate blood flow to the heart. Figure 1
shows an example of the CABG procedure.

The figure displays three examples of bypass:
saphenous vein grafts to the right coronary artery,
saphenous vein grafts to the circumflex artery, and a
left internal thoracic artery graft to the left anterior
descending artery

Left internal thoracic-artery
graft to the
left anterior descending artery

Saphenous-vein
graft to the

§ circumflex arte
Saphenous-vein i

graft to the righ

coronary artery Left coronary

artery

Circumflex
artery

Left anterior
descending
artery

Figure 1. The diagram illustrates coronary artery bypass grafting

Comparison of off-pump versus on-pump coronary
artery bypass grafting

Most CABG procedures are performed through
a median sternotomy, utilizing a cardiopulmonary
bypass to arrest the heart.!V This incision provides
optimal exposure and creates favorable conditions
for a technically less demanding procedure. After the
procedure, the sternum is repaired using wire fixation.
Off-pump CABG offers an alternative method in which
cardiopulmonary bypass and cardioplegia are not
required, allowing the heart to continue beating.(11?
Off-pump CABG is technically more demanding but
theoretically can reduce complications related to
extracorporeal circulation. However, the fact that the
off-pump procedure has an advantage over the on-
pump procedure remains unclear.(:1?

A randomized clinical trial showed that at one-
year follow-up, patients in the off-pump group had
worse composite outcomes and poorer graft patency
than those in the on-pump group.!” However, a meta-
analysis showed a significant 30% reduction in the
occurrence of postoperative stroke with off-pump
CABG (risk ratio, 0.70; 95% confidence interval: 0.49-
0.99).12 After CABG, adverse cerebral outcomes occur
in approximately 6% of patients, and it is well established
that minimizing aortic manipulation during CAGB is
important to prevent perioperative cerebrovascular
events.!” Figure 2 shows an example of a typical
extracorporeal circuit used in on-pump CABG.
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Figure 2. The diagram illustrates an extracorporeal circuit

Blood drains by gravity through the venous line
into a venous reservoir and is preferentially pumped
through the oxygenator using a centrifugal pump (a
roller pump may also be used) before being returned
to the arterial circuit. Additional suction lines, such as
the left ventricular vent and cardiotomy suction, can
be used. The cardioplegia solution was infused using a
roller pump

Conduit selection

When appropriately selected for patients with multivessel
coronary artery disease, multi-arterial grafting has
the potential to reduce mortality and improve event-
free survival.™ Tt is recommended that most patients
undergoing CABG with a reasonable life expectancy
adopt a multiple arterial graft strategy using two
or three arterial grafts, as this approach has shown
superior outcomes compared to a single arterial graft.(!)
No robust evidence supports the choice of CABG
conduits. However, we describe the most common
practice and summarize the available evidence. Figure
1 shows examples of common CABG conduits.

The conduit of choice for grafting onto the left
anterior descending artery is the left internal thoracic
artery, which should be harvested in a skeletonized manner
to minimize the risk of sternal wound dehiscence.!” The
radial and right internal thoracic arteries are typically
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selected for grafting to the anterolateral wall.!” Oral
calcium channel blockers are recommended in the first
postoperative year after radial artery grafting.'”) The
right internal thoracic artery is preferred for patients
without adequate ulnar compensation.

The radial artery is also preferred for vessels with
subocclusive target stenoses and patients at risk of
sternal complications.'”’ Before harvesting the radial
artery, it is important to assess palmar arch completeness
and ulnar compensation and to use the arm with the
best ulnar compensation for the radial artery. It is also
recommended that bilateral percutaneous or surgical
radial artery procedures should be avoided in patients
with coronary artery disease to preserve the arteries
for future use. The radial artery is preferred over the
saphenous vein to bypass the second-most significant
target vessel with substantial stenosis after the left
anterior descending coronary artery.19 This preference
is due to its superior patency, reduced adverse cardiac
events, and improved survival.!” Radial artery should
be avoided after transradial catheterization in patients
with chronic kidney disease and a high likelihood of
rapid progression to hemodialysis.

Saphenous vein grafts should be considered for
inferior wall lesions when arterial conduit grafting is not
feasible for clinical or technical reasons.'” Saphenous
vein grafts are generally obtained via small incisions
from the patient’s thigh. It is recommended to use
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an endoscopic saphenous vein harvest technique in
patients at risk of wound complications and a no-touch
saphenous vein harvest technique in patients at low risk
of wound complications.(?

Percutaneous coronary intervention

Revascularization using PCI is frequently performed to
reduce symptoms in patients with stable angina and
coronary artery stenosis causing moderate or severe
ischemia.® However, in these patients, it is unclear
whether an initial invasive strategy, compared with an
initial conservative strategy, reduces the risk of ischemic
cardiovascular events or death.!®

A staged percutaneous intervention of a significantly
stenosed non-culprit artery was performed either in
the hospital or after discharge to improve outcomes
in patients presenting with ST-segment elevation
myocardial infarction.!” In stable patients with
uncomplicated revascularization of the culprit artery,
low-complexity non-culprit artery disease, and normal
renal function, the benefit of percutaneous intervention
of the non-culprit artery at the time of primary PCI is
unclear but may be considered®” However, in patients
with cardiogenic shock, PCI of the non-culprit artery
can be harmful.(?

Radial artery access is recommended for comparison
with the femoral approach, as it reduces bleeding and
vascular complications. In addition, to reduce the risk
of bleeding events, a short duration of dual antiplatelet
therapy after PCI in patients with stable ischemic heart
disease is reasonable.!” Aspirin can be discontinued
after 1 to 3 months of dual antiplatelet therapy, and
considering the risks of recurrent ischemia and bleeding,
select patients may safely transition to P2Y12 inhibitor
monotherapy.(?

Coronary artery bypass grafting versus percutaneous
coronary intervention

Revascularization with either CABG or PCl is indicated
to treat symptoms or improve outcomes in specific
patient subsets. Coronary artery bypass grafting and
PCI differ in improving blood flow to the vulnerable
myocardium. Percutaneous coronary intervention directly
relieves discrete obstructions, while CABG improves
blood flow and protects the distal myocardial beds from
future ischemic events.

Revascularization decisions should consider factors
such as clinical indications, disease complexity, anatomical
complexity, patient preferences, technical feasibility
of treatment, and heart team discussions.(” Usually,

CABG and PCI offer different benefits, and the choice
of revascularization strategy should be tailored to
individual patient factors. A multidisciplinary heart
team approach is recommended when the optimal
treatment strategy is unclear. Treatment decisions for
coronary revascularization in patients with coronary
artery disease should not be based on sex, race, or
ethnicity. There is no evidence that some patients
benefit less than others, and efforts to reduce disparities
in care are warranted.

Percutaneous coronary intervention is a reasonable
option to improve survival compared with medical
therapy in selected patients with low-to-medium anatomic
complexity of coronary artery disease and left main
disease, which is equally suitable for surgical or
percutaneous revascularization.! In patients who are
likely to adhere poorly to dual antiplatelet therapy,
PCI should be avoided because of the high risk of stent
thrombosis.

Coronary artery bypass grafting is indicated in
patients with significant left main disease. There is a
moderate recommendation and moderate quality of
evidence that for the subgroup of patients with left
main stenosis and high-complexity disease (defined as
a SYNTAX score >33) who require revascularization
for multivessel coronary artery disease, CABG,
compared with PCI, reduces the higher rate of major
adverse cardiac and cerebrovascular events and
cardiac mortality at 5 years.(!® Coronary artery bypass
grafting should be indicated in patients with diabetes
and advanced coronary artery disease because it
reduces the rates of death and myocardial infarction."”
However, in this population, CABG is associated with a
higher stroke rate.(!?

HEART VALVE SURGERY

Mitral valve surgery

Mitral regurgitation, the second most frequent valvular
heart disease after aortic stenosis in hospitalized
patients, requires reliable and reproducible mitral
valve repair techniques.!3” New surgical techniques,
minimally invasive approaches, and emerging transcatheter
methods have been adopted as potential therapeutic
options in recent years.!3! Indications for mitral
valve repair include patients with symptoms and/or
signs of left ventricular dysfunction (left ventricular
ejection fraction <60% and/or left ventricular end-systolic
diameter =45mm).1%1) In cases where left ventricular
function is preserved, surgery should be considered for
asymptomatic patients with atrial fibrillation related to
mitral regurgitation or pulmonary hypertension with
a pulmonary artery systolic pressure of >50mmHg
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Vasconcelos NN, Queiroz VN, Souza GM, Mangini S, Silva FM, Costa LG, Campos PP, Steffen SP, Takaoka F, Serpa Neto A, Pereira AJ, Barbas CS, Corréa TD, Chaves RC

at rest.!®! Moreover, surgery should be considered
for asymptomatic patients in sinus rhythm with
preserved left ventricular ejection fraction =60% and
left ventricular end-systolic diameter of 40-44mm if a
durable repair is likely at low risk.(819

Mitral valve surgery is usually performed through
a full median sternotomy, although many centers
now use right lateral minithoracotomy and partial
sternotomy.'®!”) The repair techniques are based on
three major targets for mitral valve repair: a) restitution
of physiological leaflet motion, b) establishment of an
adequate line of leaflet coaptation, and c) stabilization
of the annulus while maintaining an adequate mitral
orifice size.1®!) Over time, new procedures, such as
artificial chordae and edge-to-edge techniques, have
been introduced in addition to fundamental repair
methods. (1819

Transcatheter mitral-valve repair

A method for percutaneous double-orifice repair was
developed using a mechanical device delivered into
the left atrium through transseptal access.!3!” The
MitraClip utilizes a cobalt chromium clip covered with
polypropylene fabric that grasps and approximates
leaflets.131” In some cases, a second clip may be
required to achieve a goal of final regurgitant severity
52_'__(18,19)

In comparison with conventional surgery, PCI
repair was less effective at reducing mitral regurgitation
and was associated with more frequent additional
procedures for the treatment of mitral regurgitation;
however, this less invasive option had superior safety,
and most patients with residual or recurrent mitral
regurgitation underwent subsequent successful mitral
valve surgery.(8 This technique may be considered
in patients with symptomatic severe primary mitral
regurgitation who fulfill the echocardiographic criteria
of eligibility and are judged inoperable or at high
surgical risk.819

Transcatheter aortic valve implantation

Transcatheter aortic valve implantation (TAVI)
is a treatment for aortic stenosis that involves the
displacement and functional replacement of the native
valve with a bioprosthetic valve.®?» This procedure
delivers the valve to the catheter through the femoral
artery, the most commonly used and preferred
method.?*?? Alternative approaches are also available,
including subclavian, axillary, transaortic, transcaval,
and transcarotid accesses.®??
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In patients with severe aortic stenosis who are
considered unsuitable candidates for surgery, a
multicenter trial demonstrated a significant reduction in
mortality and improvement in functional class with TAVI
compared with standard medical care.?" Population
included in the multicenter trial was at high risk, with
an average STS score of 11.6%.%) However, several
patients had low STS scores but coexisting conditions
that contributed to the surgeon’s determination that
the patient was not a suitable candidate for surgery.?
These conditions included an extensively calcified
(porcelain) aorta (15.1%), chest-wall deformity or
deleterious effects of chest-wall irradiation (13.1%),
oxygen-dependent respiratory insufficiency (23.5%),
and frailty, as determined by the surgeons according to
pre-specified criteria (23.1%).?" The periprocedural
30-day mortality for TAVI in randomized trials ranges
from 2.2% to 7.0 %.*?? The mortality is lower in
individuals with low STS risk and requires appropriate case
selection, effective operator training, prompt recognition
of complications, and judicious aftercare.®??

ANESTHESIA FOR CARDIAC SURGERY

Anesthesia for cardiac surgery aims to optimize the
balance between the supply and consumption of
tissue oxygen while providing analgesia, hypnosis, and
muscle relaxation. Inhaled anesthetics have recognized
cardioprotective properties. However, a randomized
clinical trial did not demonstrate that anesthesia with
a volatile agent, compared to intravenous anesthesia,
reduced deaths among patients undergoing elective
CABG.® However, a meta-analysis that included 8,197
patients undergoing cardiac surgery with cardiopulmonary
bypass demonstrated lower mortality rates in the group
receiving inhaled anesthetics than in the group receiving
propofol.?¥

Several factors should be considered when
using intravenous anesthetics during cardiopulmonary
bypass. These include the sequestration of lipophilic
medications such as propofol, fentanyl, and midazolan
by the cardiopulmonary bypass circuit, reducing plasma
concentration.®?® Furthermore, hypothermia can
affect liver clearance, and hemodilution induced by
“priming” can have a clinical impact.

Antibiotic prophylaxis should be administered within
60 min before the surgical incision and should be
performed with cefazolin or cefuroxime.®” Additional
doses should be considered based on surgical duration,
hemodilution, or blood loss.)

Coagulation management included intravenous
administration of 50mg/kg of tranexamic acid for more
than 30 min after the induction of anesthesia and systemic
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anticoagulation before cannulation of large vessels.
Level-guided management should be considered over
activated clotting time-guided heparin management
to reduce bleeding.?”® The use of tranexamic acid
is part of the patient’s blood management strategy to
reduce bleeding, transfusion of blood products, and
reoperation for bleeding; however, it increases the
risk of postoperative seizures.®® The prophylactic use
of fresh-frozen plasma, desmopressin, recombinant
activated factor VII, or fibrinogen to reduce bleeding
during the perioperative period is not recommended.”
Fibrinogen should be considered in bleeding patients
with <1.5g/L. and desmopressin should be considered
in patients with platelet dysfunction based on an
inherited or acquired bleeding disorder to reduce
postoperative bleeding and transfusions.?” Protamine
should be administered at a dose 1:1 ratio to the initial
heparin bolus immediately after the termination of
extracorporeal circulation. The protamine dose did not
exceed the initial heparin dose.®”

Cell salvage is also recommended to reduce the
need for transfusion of packed red blood cells. It is also
recommended to perform red blood cell transfusion
when the hemoglobin level falls below 7.5g/dL using a
restrictive approach.®” Table 1 outlines the major risk
factors associated with increased mortality in patients
who underwent cardiac surgery.

Table 1. Factors associated with increased mortality of patients undergoing
cardiac surgery

Factors associated with patients

- Age (increasing age increases the risk)
- Critical preoperative condition

- Female gender

- Obesity

Factors associated with comorbidities, disease, and support

- Active endocarditis

- Atrial fibrillation

- Cardiogenic shock

- Chronic pulmonary disease

- Diabetes

- Extracardiac arteriopathy

- Intra-aortic balloon pump (preoperative)
- Left main coronary artery disease

- Left ventricular dysfunction

- Mechanical ventilation (preoperative)

- Poor mobility

- Pulmonary hypertension

- Recent myocardial infarction

- Renal failure or renal replacement therapy
- Unstable angina

Factors associated with surgery

- Emergency surgery

- Pos infarct septal rupture

- Previous cardiac surgery

- Surgery on thoracic aorta

- Surgical procedure other than or associated with coronary artery bypass graft

ECHOCARDIOGRAPHY IN CARDIAC SURGERY

Echocardiography plays an important role in the
perioperative management of patients undergoing cardiac
surgery. Echocardiography allows the definition of
myocardial structure, assessment of intracardiac blood
flow, preoperative evaluation, intraoperative monitoring,
and real-time guidance for intervention.®-Y

In this patient population, echocardiography
involves an anatomical and functional approach to
the cardiovascular system. This imaging approach is
achieved through 2D ultrasound methods, such as
M-mode, B-mode, pulsed, continuous, colored, tissue
Doppler, and strain techniques.C%*) Additionally, 3D
mode techniques such as “Live 3D,” “3D Zoom,” “Full
Volume,” “X-plane,” “Color 3D,” and software for
multiplane reconstruction, mitral valve navigation, and
3D-based ventricular ejection fraction.®*3) Contrast
techniques performed at rest or under pharmacological
or ergometric stress are available.

In the preoperative period, echocardiography allows
for a comprehensive evaluation of morphological alterations,
global or segmental systolic dysfunction, diastolic
dysfunction, valvular disorders, pericardiopathies
(restrictive and constrictive), aortic diseases (stenosis,
dilation, and dissection), congenital diseases,
cardiomyopathy, and myocarditis, and estimation of the
patient’s functional reserve through dynamic tests.%3
Echocardiography enables the assessment of
morphological alterations such as chamber dilatation,
aneurysms, intercavitary communications, fistulas, and
the presence of vegetations, thrombi, or tumors. Valvular
disorders, including insufficiency, stenosis, and double
lesions, as well as their mechanisms, pressure gradients,
and classifications in both native and prosthetic valves,
can be assessed using echocardiography.%31

Dysfunctions and complications can be promptly
detected and addressed in the operating room, with
echocardiography being the preferred method for
deaeration during weaning from the extracorporeal
circulation. In the postoperative period, echocardiography
plays a robust role in monitoring and stratifying the
results from stay in the intensive care unit to outpatient
follow-up.03

INTENSIVE CARE MANAGEMENT

The hemodynamic goal is maintaining tissue perfusion
and oxygen delivery to prevent end-organ dysfunction.
Restoring and optimizing tissue perfusion is more
important than achieving specific values of hemodynamic
parameters, as specific range values may vary and
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are closely influenced by patient characteristics.23%
In cases where the patient exhibits signs of
hypoperfusion, vasoactive drugs, volume expansions (if
the patient is fluid-responsive), and epicardial pacing
may be considered to optimize oxygen delivery.®¥

When hypoperfusion persists despite hemodynamic
optimization with inotropes and vasopressors, circulatory-
assisted devices such as an intra-aortic balloon pump
and veno-arterial extracorporeal membrane oxygenation
should be considered.®® Table 2 outlines the practical

Table 2. Vasoactive drugs commonly used during the perioperative care of cardiac surgery

Drugs and class Indications and tips

Advantages /
beneficial effects

Disadvantages /

adverse effects Dilution

Dosage

Amiodarone - Tachyarrhythmias
(150mg/3ml) (e.g., atrial fibrillation)
Potassium channel - Admixed in a glass bottle or
blockage non-pvc bag (leach plastic from
pve bag)
Dobutamine - Low cardiac output and
(250mg/20ml) decreased left ventricular
Catecholamine afterload

- Incompatible with bicarbonate
and other strong alkaline solutions

Epinephrine - Low cardiac output and
or Adrenaline hypotension
(Tmg/1ml) - Maybe a drug of choice in

Catecholamine hypotensive patients with low

cardiac output

Esmolol - Tachycardia and hypertension
(2500mg/10ml - Bolus only using the
or 100mg/10ml) 100mg/10ml presentation and

Beta-blocker may be undiluted
- Maintenance dose should be

given only if necessary

Milrinone - Severe congestive heart failure
(10mg/10m!l) - Low cardiac output
Phosphodiesterase

inhibitor

Nitroglycerin - Hypertension
(50mg/10ml) - Congestive heart failure
Nitric oxide donor - Venous vasodilator
Vasodilator - Could treat or prevent coronary

vasospasm.
- Avoid in patients with right
ventricular infarct

Norepinephrine - Hypotension
(4mg/Aml) - Low cardiac output
Catecholamine - Vasoplegia

- Acidosis will greatly diminish

the effect
Nitroprusside - Hypertension
(50mg) - Acute congestive heart failure
Nitric oxide donor - Avoid concomitant use with
Vasodilator Sildenafil or Tadalafil
- May induce headache

Vasopressin - Hypotension
(20U/ml) - Vasoplegia
Hormone - Maintains good effect in acidosis

- Monitor serum and urine
osmolarity and sodium

- Heart rate control
- Not necessary to adjust
for renal function
- Avoid concentrations
>3mg/ml (prevent
phlebitis)

- Inotrope
- Systemic vasodilator
- Short half-life (must
be administered as a
continuous infusion)

- Inotrope
- Vasopressor
(higher doses)

- Heart rate control
- Blood pressure control
- Reduce afterload

- Inotrope

- Systemic and pulmonary
vasodilator
- Lusitropy

- May decrease left
ventricular afterload and
preload (reducing cardiac

oxygen demand)
- Dilates coronary arteries
and improves collateral
flow to ischemic regions

- Vasopressor
- Some Inotrope
- More inotropy than
vasopressin

- Arterial vasodilator
- Decrease left ventricular
afterload
- Could be used to induce
controlled hypotension
(reduce surgery bleeding)

- Vasopressor
- Vasodilatory shock who

remain hypotensive despite

fluids and catecholamine

- Hypotension - Load dose: 150mg of
- Long half-life of amiodarone (3ml) in 97ml of
20-100 days 5% glucose solution
- Not add other - Maintenance dose: 900mg

medicinal products to
the infusion fluid

of amiodarone (18ml) in 482ml
of 5% glucose solution

- Arrhythmogenic -500mg of dobutamine in
- Risk of myocardial 210ml of 5% glucose solution
ischemia (or 0.9% sodium chloride)

- Adverse effects are
doses dependent

- Arthythmogenic
- Metabolic acidosis
- Hyperlactatemia
- Splanchnic
vasoconstriction

- 6mg (6ml) of epinephrine in
94mL of 5% glucose solution
(or 0.9% sodium chloride)

- Can reduce cardiac - 2500mg of esmolol in 240ml

output of 5% glucose solution (or
- Bronchospasm 0.9% sodium chloride)
- Standard dilution: 10mg/ml,
using a final volume of 250ml
- Hypotension - 5% glucose solution or
- Need adjusts for renal 0.9% sodium chloride
function - Standard dilution: 200ug/ml
- Incompatible with
bicarbonate and
furosemide
- May worsen - 50mg (10ml) of nitroglycerin

pulmonary shunt in 240ml of 5% glucose

- Avoid cardiac solution
tamponade
- Avoid association with
sildenafil or tadalafil (risk
of severe hypotension)
- Splanchnic - 16mg (16ml) of
vasoconstriction norepinephrine in 234ml of
- Variable effect on 5% glucose solution or 0.9%
cardiac output sodium chloride

- Avoid association with
alpha and beta blockers

- Caution in renal failure
(risk of cyanide toxicity)
and neurological injury
(risk of increased
intracranial pressure)

-50mg of nitroprusside in
250ml of 5% glucose solution
- Protect the solution
from light

- 40U of vasopressin in 198ml
of 5% glucose solution or
0.9% sodium chloride.

- Arrhythmogenic
- May decreased
cardiac output induce
hyponatremia and
ischemia (coronary,
mesenteric, skin)

- Load dose: 5mg/kg over
20 min to 2h. Can be repeated
2 to 3 times (>24h)

- Maintenance dose: 10 to 20mg/kg/

day (generally 600 to 800mg/24h,
up to 1200mg/24h)

- Dose: 2.5-10mcg/kg/min
- Titrating the dose to avoid heart
rate variation increase by
>10% from baseline
- Preferably given via central line

- Dose: 0.1-Tmeg/kg/min
- Preferably given via central line
- Protect the solution from light

- Dose to immediate control: bolus
of Tmg/kg over 15-30s, followed by
150mceg/kg/min infusion
- Dose when the time for titration
is available: 500mcg/kg/min over
1 min, followed by a maintenance
dose of 50meg/kg/min

- Loading dose:
50mcg/kg over 10 min
- Maintenance dose:
0.375 - 0.75mceg/kg/min
- Not exceed (total dose):
1.13mglkg/day

- Start with bmcg/min, then increase

by 5 meg/min every 3-5 min until
desired response obtained
- Maximum dose: 400mcg/kg
- Tolerance may develop after
12-24h, requiring nitrate free period

- Start with a low dose, usually
0.05mcg/kg/min or 0.4mg/h
then titrrate to the desired effect
- Infuse via the central line to avoid
extravasations (could induce tissue
destruction and ischemia)

- Start with a low dose, usually
0.Tmcg/kg/min, then gradually
titrating every 2-5 min until the
desired response obtained
- Avoid doses higher than 10mcg/
kg/min (risk of toxicity: thiocyanate)

- Dose: 0.01-0.04U/min
- Preferably given via central line
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characteristics essential for bedside decision-making
regarding the most commonly used vasoactive drugs
during perioperative care in cardiac surgery.

This table provides dosage descriptions for
intravenous infusions used in hemodynamic management,
excluding cardiac arrest. Although regional variations
may exist, the dilutions and dosages in this table
represent standard dilutions.

Upon arrival of patients in the intensive care
unit requiring mechanical ventilation, it is advisable
to implement strategies to achieve extubation as
soon as possible and safely. Prolonged mechanical
ventilation after cardiac surgery has been correlated
with an extended hospital stay, increased morbidity and
mortality rates, and increased costs.®¥

Postoperative pain following cardiac surgery is
challenging and is often overlooked, particularly in
patients who cannot communicate their pain levels, for
example, patients under mechanical ventilation and
sedation, and remains a frequent occurrence.®39 In
general, more than 50% of the patients who undergo
surgery report pain as the most distressing aspect of
their postoperative recovery.® Ensuring adequate
pain relief enhances respiratory function (such as an
effective cough), allows early mobilization, prevents
delirium, and reduces cardiovascular complications.
Neglecting proper pain management can have long-
term consequences that adversely affect the patient’s
quality of life and increase healthcare costs.®)

Implementing a blood transfusion protocol based
on thromboelastography can reduce the prescription
of blood products and enable the identification of
specific coagulation disorders.*™* The debate regarding
hemoglobin levels indicating the need for packed red
blood cell transfusion is ongoing.?” A meta-analysis

comparing hemoglobin levels of 70-80g/L versus
90-100g/L demonstrated a 30% reduction in the
number of deaths in the group with a hemoglobin
level of 70-80g/L.C” Rather than relying on a fixed
hemoglobin threshold, the patient’s clinical condition
and optimization of oxygen delivery and extraction
in the tissues should be given more importance.?”?
Platelets should be administered if platelet dysfunction
is suspected or if the values are <50,000/mm?® with
bleeding.®”

Early mobilization, postoperative enteral feeding,
and glycemic control after surgery are crucial components
of intensive care management.®Y Hyperglycemia affects
over 40% of patients after cardiac surgery, and its
morbidity stems from various factors, including glucose
toxicity, increased oxidative stress, prothrombotic
effects, and inflammation.®*» Monitoring glucose levels,
establishing target ranges, and minimizing glycemic
variability is imperative.®¥ The blood glucose target
range should generally be between 81 and 180mg/dL,
and the continuous intravenous insulin infusion
effectively maintains blood glucose levels.(1%3

POSTOPERATIVE COMPLICATIONS

A significant number of surgical patients are at risk
of developing postoperative complications.®49 After
cardiac surgery, approximately 66% of patients will
experience complications®’ and 13% will experience
at least one major complication® which is associated
with increased length of stay, costs, and mortality rates.
Table 3 presents preventive measures, management
strategies, and pertinent considerations regarding major
postoperative complications in patients undergoing
cardiac surgery.

Table 3. Management of major postoperative complications in patients undergoing cardiac surgery

How to prevent

How to management

Considerations

AKI - Maintain renal perfusion
- Discontinuing ACE inhibitors and
angiotensin Il antagonists for 48h
- Avoid nephrotoxic drugs, anti-
inflammatories, hyperglycemia, and
radiocontrast agents

ARDS - Reduce cardiopulmonary bypass time
duration
- Tidal volumes perioperative <8mlkg
PBW (ideally <6ml/kg PBW)

- Correction of electrolyte disorders
- Heart rate control
- Preoperative oral amiodarone and
B-blockers may reduce postoperative
atrial fibrillation

Atrial fibrillation

- Adequate cardiac output
- Urine output >50mL/h
- Correction of electrolyte disorders
- RRT when indicated
- closely monitoring creatinine levels
and urine output

- Tidal volume: <6ml/kg PBW
- Optimal PEEP

- Plateau pressure <30cmH,0

- Driving pressure <15cmH,0

- B-blockers, amiodarone, magnesium, and biatrial
pacing are the mainstay of the treatment
- B-blockers and amiodarone are contraindicated
with bradycardia and conduction disturbances

- Around 50% of patients will experience a reduction in renal function,
and 3.5% will require RRT
-Mortality of AKI that require RRT is around 60%
- Increased costs, morbidity, and mortality
- Risk factors: pre-existing renal insufficiency, age, diabetes, tobacco
use, cardiopulmonary bypass itself, long aortic cross-clamp times

- Early extubation (<6h of ICU admission) is associated
with early ICU discharge and better outcomes

- Incidence around 10% - 65% after CABG. Higher incidence
around 2" and 4 postoperative days
- Can reduce cardiac output in 15% to 25%
- Challenges in monitoring cardiac output (especially in
devices based on pulse contour analysis)

continue..
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Table 3. Management of major postoperative complications in patients undergoing cardiac surgery

How to prevent

How to management

Considerations

Atelectasis - NIV in selected high-risk patients -Early NIV in nonsevere respiratory failure
- Perioperative physiotherapy -Early reintubation if NIV is ineffective
- Reduce CABG time duration
Bleeding - Rewarming correcting pH and serum - Transfusion guided based on
calcium levels help manage coagulopathy thromboelastography
- Tranexamic acid after induction of - Fibrinogen should be considered in the bleeding
anesthesia and protamine just after the patient with fibrinogen level <1.5g/L
termination of extracorporeal circulation
Cardiac - Appropriate management of - Patients may require a return to the operating
tamponade coagulopathy room for surgical exploration and drainage
- Intraoperative hemostasis - Echocardiography allows diagnosis grading and
- Early detection and monitoring of a guide emergency pericardial drainage
pericardial effusion to avoid a
cardiac tamponade
Delirium - Environmental measures - Environmental measures
- Use the minimal sedative dose to - Neuroleptic
achieve your goal - Pain control
Infectious - Antibiotic prophylaxis - Treat infections not related to surgical site
- Avoid hyperglycemia infections with specific guideline
- Adopt a care bundle to

Deep venous

reduce surgical site infections
- Mechanical prophylaxis (intermittent

thrombosis pneumatic compression devices and
and pulmonary elastic compression stockings)
embolism (PE) upon arrival at the ICU

Left ventricular
failure

- Pharmacological prophylaxis
(added to mechanical prophylaxis)
- Reduce the time of CABG and
aortic cross-clamp
- Occurs when the left ventricle is unable
to deliver blood to vital organs adequately

Stroke - Appropriate treatment of coagulopathy
and atrial fibrillation
- Reduce aortic manipulation during
cardiopulmonary bypass

TRALI - Intraoperative hemostasis

- Restrictive transfusion strategies
Vasoplegic - Itis uncertain how to
syndrome prevent vasoplegic syndrome

- Early detection and initiation of
vasopressin to avoid progression to
distributive shock

- Anticoagulation with heparin or low molecular
weight heparin is the mainstay of the treatment

- Dobutamine or milrinone may be used if
cardiac output remains low
- If pharmacological support fails to restore
tissue perfusion, cardiac assist devices as
extracorporeal life support should be considered

- Neurological physical examination,
neuroimaging, and treatment according
to recent guidelines

- Early NIV in nonsevere respiratory failure
- Early intubation if NIV is ineffective
- Norepinephrine is commonly used as the
initial treatment for hypotension
- Vasopressin at doses of 0.01 - 0.04U/min

- Early mobilization may prevent atelectasis
- High incidence occurs in up to 50% after CABG
- Adequate postoperative pain control to avoid poor coughing

- Preoperative dual antiplatelet therapy is a major bleeding risk
- Prophylactic use of fresh-frozen plasma, desmopressin,
recombinant activated factor VI, or fibrinogen to
reduce bleeding is not recommended
- Desmopressin should be considered in bleeding patients
with platelet dysfunction

- Occurring in approximately 1-2% after CABG.
- Higher incidence (of over 8%) in heart transplant
- Clinical suspicion: postoperative low cardiac output refractory
to vasoactive drugs

“Following valve surgery, perivalvular leak can lead to hemolysis and

hemodynamic compromise

- Patient-controlled analgesia is a good option and
once oral intake is allowed, switch to oral narcotics

- Fever in the first several hours post cardiac surgery could not be
associated with infections. Further investigation is required for its
persistence in the following days

- Mortality for PE after CABG is close to 20%

- Pharmacological prophylaxis should be added to the
mechanical prophylaxis as soon as possible
(satisfactory hemostasis has been achieved)

- Risk stratification is important to clinical management

according to the severity of PE
- If cardiac ischemia is suspected, coronary angiography or
surgical revascularization may be necessary
- Norepinephrine or epinephrine is an
appropriate choice in hypotensive patients
- The combination of norepinephrine and dobutamine is
another effective option
- Combined surgery has a higher risk and can reach up to 10% in
double or triple-valve surgery
- The incidence ranges from 1% - 6% after CABG

- Majors risk factors: proximal aortic atherosclerosis,

history of neurologic disease, older age

- Transfusion guided based on thromboelastography

was associated with less adverse effect
- Clinical suspicion: hypotension despite normal or
increased cardiac index
- Occurring in approximately 10 - 20% after CABG
- Vasoplegia may be refractory to norepinephrine alone,
and the addition of vasopressin has shown effectiveness
in the management of vasoplegia

ACE: angiotensin-converting enzyme; ARDS: acute respiratory distress syndrome; CABG: coronary artery bypass grafting; NIV: noninvasive ventilation; PBW: predicted body weight; PE: pulmonary embolism; PEEP: positive end-expiratory pressure; RRT:

renal replacement therapy; TRALI: transfusion-related acute lung injury; AKI: acute kidney injury; ICU: intensive care unit

Prophylaxis is crucial for preventing postoperative
complications. Proton pump inhibitors or sucralfate
may be necessary to prevent upper gastrointestinal
ulceration and bleeding, especially in patients receiving
mechanical ventilation or those with circulatory shock.®
Prophylaxis against deep vein thrombosis is essential,
utilizing intermittent pneumatic compression devices,
elastic compression stockings, and pharmacological
prophylaxis once satisfactory hemostasis has been achieved,
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as up to 20% of cardiac surgical patients may develop this
condition.®? Antibiotic prophylaxis significantly reduces
the risk of site infections; however, prophylactic antibiotics
should not be continued beyond 48h.!) Environmental
measures and a minimal sedative dose to achieve the
desired goal effectively prevent postoperative delirium.®¥
Postoperative echocardiography can facilitate early
diagnosis of cardiac tamponade and left ventricular failure
and guide intervention.4)
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CONCLUSIONS AND COMMENTS

The perioperative management of patients undergoing
coronary artery bypass grafting, percutaneous coronary
intervention, and heart valve surgery is highly complex
and involves numerous specific considerations. Clinical
outcomes are directly influenced by the experience of the
medical center in managing these patients. Therefore,
efforts should be made to minimize the risk of death
and severe complications. Effective management
requires dedicated, multidisciplinary teams skilled
in timely recognition, prevention, and treatment of
complications to ensure optimal care. Identifying and
mitigating severe risks while promoting patient safety
practices remains a priority for healthcare planners and
managers.

CONFLICT OF INTERESTS

Dr. Luiz Guilherme Villares da Costa reported receiving
payment for lectures from Baxter. All other authors
have no conflict of interests to declare.

AUTHORS'S CONTRIBUTION

Nair Naiara Barros de Vasconcelos, Veronica Neves
Fialho Queiroz, Guilherme Martins de Souza, Sandrigo
Mangini, Fernando Morita Fernandes Silva, Luiz
Guilherme Villares da Costa, Pedro Paulo Zanella
do Amaral Campos, Samuel Padovani Steffen, Flavio
Takaoka, Ary Serpa Neto, Adriano José Pereira, Carmen
Silvia Valente Barbas, Thiago Domingos Corréa and
Renato Carneiro de Freitas Chaves: conceptualization,
methodology, resources, supervision, validation, writing -
original draft and writing - review & editing.

AUTHORS' INFORMATION

Vasconcelos NN: http://orcid.org/0009-0000-1623-1661
Queiroz VN: http://orcid.org/0000-0001-5213-0147
Souza GM: http://orcid.org/0000-0002-0643-2723
Mangini S: http://orcid.org/0000-0003-0894-1131
Silva FM: http://orcid.org/0000-0002-8331-1124
Costa LG: http://orcid.org/0000-0001-5044-9998
Campos PP: http://orcid.org/0000-0002-5079-8829
Steffen SP: http://orcid.org/0000-0001-6553-2305
Takaoka F: http://orcid.org/0000-0003-2959-0318
Serpa Neto A: http://orcid.org/0000-0003-1520-9387
Pereira AJ: http://orcid.org/0000-0002-9467-6516
Barbas CS: http://orcid.org/0000-0002-3922-6256
Corréa TD: http://orcid.org/0000-0001-9546-3910
Chaves RC: http://orcid.org/0000-0001-7324-272X

1"

REFERENCES

Dieberg G, Smart NA, King N. Minimally invasive cardiac surgery: A
systematic review and meta-analysis. Int J Cardiol. 2016;223:554-60.

Ferguson TB Jr, Hammill BG, Peterson ED, DeLong ER, Grover FL; STS National
Database Committee; Society of Thoracic Surgeons. A decade of change-
risk profiles and outcomes for isolated coronary artery bypass grafting
procedures, 1990-1999: a report from the STS National Database Committee
and the Duke Clinical Research Institute. Ann Thorac Surg. 2002;73(2):480-9.

Nashef SA, Roques F, Michel P Gauducheau E, Lemeshow S, Salamon R.
European system for cardiac operative risk evaluation (EuroSCORE). Eur J
Cardiothorac Surg. 1999;16(1):9-13.

Nashef SA, Rogues F, Sharples LD, Nilsson J, Smith C, Goldstone AR, et al.
EuroSCORE II. Eur J Cardiothorac Surg. 2012;41(4):734-44.

Shahian DM, Jacobs JP Badhwar V, Kurlansky PA, Furnary AP, Cleveland JC
Jr, et al. The Society of Thoracic Surgeons 2018 Adult Cardiac Surgery Risk
Models: Part 1-Background, Design Considerations, and Model Development.
Ann Thorac Surg. 2018;105(5):1411-8.

Sianos G, Morel MA, Kappetein AP Morice MC, Colombo A, Dawkins K, et al.
The SYNTAX Score: an angiographic tool grading the complexity of coronary
artery disease. Eurolntervention. 2005;1(2):219-27.

Farooq V, van Klaveren D, Steyerberg EW, Meliga E, Vergouwe Y, Chieffo A, et
al. Anatomical and clinical characteristics to guide decision making between
coronary artery bypass surgery and percutaneous coronary intervention for
individual patients: development and validation of SYNTAX score II. Lancet.
2013;381(9867):639-50.

Parolari A, Pesce LL, Trezzi M, Cavallotti L, Kassem S, Loardi C, et al.
EuroSCORE performance in valve surgery: a meta-analysis. Ann Thorac Surg.
2010;89(3):787-93, 793.e1-2.

Takahashi K, Serruys PW, Fuster V, Farkouh ME, Spertus JA, Cohen DJ,
Park SJ, Park DW, Ahn JM, Kappetein AP Head SJ, Thuijs DJ, Onuma Y,
Kent DM, Steyerberg EW, van Klaveren D; SYNTAXES, FREEDOM, BEST,
and PRECOMBAT trial investigators. Redevelopment and validation of the
SYNTAX score Il to individualise decision making between percutaneous and
surgical revascularisation in patients with complex coronary artery disease:
secondary analysis of the multicentre randomised controlled SYNTAXES trial
with external cohort validation. Lancet. 2020;396(10260):1399-412.

. Writing Committee Members; Lawton JS, Tamis-Holland JE, Bangalore S,
Bates ER, Beckie TM, Bischoff JM, Bittl JA, Cohen MG, DiMaio JM, Don CW,
Fremes SE, Gaudino MF, Goldberger ZD, Grant MC, Jaswal JB, Kurlansky PA,
Mehran R, Metkus TS Jr, Nnacheta LC, Rao SV, Sellke FW, Sharma G, Yong
CM, Zwischenberger BA. 2021 ACC/AHA/SCAI Guideline for Coronary Artery
Revascularization: Executive Summary: A Report of the American College of
Cardiology/American Heart Association Joint Committee on Clinical Practice
Guidelines. J Am Coll Cardiol. 2022;79(2):197-215. Erratum in: J Am Coll
Cardiol. 2022;79(15):1547.

. Shroyer AL, Grover FL, Hattler B, Collins JF, McDonald GO, Kozora E, Lucke JC,
Baltz JH, Novitzky D; Veterans Affairs Randomized On/Off Bypass (ROOBY)
Study Group. On-pump versus off-pump coronary-artery bypass surgery. N
Engl J Med. 2009;361(19):1827-37.

. Afilalo J, Rasti M, Ohayon SM, Shimony A, Eisenberg MJ. Off-pump vs. on-
pump coronary artery bypass surgery: an updated meta-analysis and meta-
regression of randomized trials. Eur Heart J. 2012;33(10):1257-67.

. Roach GW, Kanchuger M, Mangano CM, Newman M, Nussmeier N,
\Wolman R, et al. Adverse cerebral outcomes after coronary bypass surgery.
Multicenter Study of Perioperative Ischemia Research Group and the
Ischemia Research and Education Foundation Investigators. N Engl J Med.
1996;335(25):1857-63.

. Rocha RV, Tam DY, Karkhanis R, Nedadur R, Fang J, Tu JV, et al. Multiple
Arterial Grafting Is Associated With Better Outcomes for Coronary Artery
Bypass Grafting Patients. Circulation. 2018;138(19):2081-90.

. Maron DJ, Hochman JS, Reynolds HR, Bangalore S, 0'Brien SM, Boden WE,
Chaitman BR, Senior R, Lopez-Sendén J, Alexander KP Lopes RD, Shaw
LJ, Berger JS, Newman JD, Sidhu MS, Goodman SG, Ruzyllo W, Gosselin

einstein (Sao Paulo). 2025;23:1-12



Vasconcelos NN, Queiroz VN, Souza GM, Mangini S, Silva FM, Costa LG, Campos PP, Steffen SP, Takaoka F, Serpa Neto A, Pereira AJ, Barbas CS, Corréa TD, Chaves RC

20.

21.

22.

23.

24.

25.

G, Maggioni AP White HD, Bhargava B, Min JK, Mancini GBJ, Berman DS,
Picard MH, Kwong RY, Ali ZA, Mark DB, Spertus JA, Krishnan MN, Elghamaz
A, Moorthy N, Hueb WA, Demkow M, Mavromatis K, Bockeria O, Peteiro J,
Miller TD, Szwed H, Doerr R, Keltai M, Selvanayagam JB, Steg PG, Held C,
Kohsaka S, Mavromichalis S, Kirby R, Jeffries NO, Harrell FE Jr, Rockhold FW,
Broderick S, Ferguson TB Jr, Williams DO, Harrington RA, Stone GV, Rosenberg
Y; ISCHEMIA Research Group. Initial Invasive or Conservative Strategy for
Stable Coronary Disease. N Engl J Med. 2020;382(15):1395-407.

. Mohr FW, Morice MC, Kappetein AP Feldman TE, Stahle E, Colombo A,

et al. Coronary artery bypass graft surgery versus percutaneous coronary
intervention in patients with three-vessel disease and left main coronary
disease: 5-year follow-up of the randomised, clinical SYNTAX trial. Lancet.
2013;381(9867):629-38.

. Farkouh ME, Domanski M, Sleeper LA, Siami FS, Dangas G, Mack M, Yang

M, Cohen DJ, Rosenberg Y, Solomon SD, Desai AS, Gersh BJ, Magnuson
EA, Lansky A, Boineau R, Weinberger J, Ramanathan K, Sousa JE, Rankin J,
Bhargava B, Buse J, Hueb W, Smith CR, Muratov V, Bansilal S, King S 3rd,
Bertrand M, Fuster V; FREEDOM Trial Investigators. Strategies for multivessel
revascularization in patients with diabetes. N Engl J Med. 2012;367(25):2375-84.

. Ibrahim M, Rao C, Ashrafian H, Chaudhry U, Darzi A, Athanasiou T. Modern

management of systolic anterior motion of the mitral valve. Eur J Cardiothorac
Surg. 2012;41(6):1260-70.

. Feldman T, Foster E, Glower DD, Kar S, Rinaldi MJ, Fail PS, Smalling RW,

Siegel R, Rose GA, Engeron E, Loghin C, Trento A, Skipper ER, Fudge T, Letsou
GV, Massaro JM, Mauri L; EVEREST Il Investigators. Percutaneous repair or
surgery for mitral regurgitation. N Engl J Med. 2011;364(15):1395-406.
Erratum in: N Engl J Med. 2011,365(2):189. Glower, Donald G [corrected to
Glower, Donald D].

Reardon MJ, Van Mieghem NM, Popma JJ, Kleiman NS, Sgndergaard L,
Mumtaz M, Adams DH, Deeb GM, Maini B, Gada H, Chetcuti S, Gleason T,
Heiser J, Lange R, Merhi W, Oh JK, Olsen PS, Piazza N, Williams M, Windecker
S, Yakubov SJ, Grube E, Makkar R, Lee JS, Conte J, Vang E, Nguyen H, Chang
Y, Mugglin AS, Serruys PW, Kappetein AP; SURTAVI Investigators. Surgical or
Transcatheter Aortic-Valve Replacement in Intermediate-Risk Patients. N Engl
J Med. 2017;376(14):1321-31.

Leon MB, Smith CR, Mack M, Miller DC, Moses JW, Svensson LG, Tuzcu EM,
Webb JG, Fontana GP Makkar RR, Brown DL, Block PC, Guyton RA, Pichard
AD, Bavaria JE, Herrmann HC, Douglas PS, Petersen JL, Akin JJ, Anderson
WN, Wang D, Pocock S; PARTNER Trial Investigators. Transcatheter aortic-
valve implantation for aortic stenosis in patients who cannot undergo surgery.
N Engl J Med. 2010;363(17):1597-607.

Holmes DR Jr, Brennan JM, Rumsfeld JS, Dai D, 0'Brien SM, Vemulapalli S,
Edwards FH, Carroll J, Shahian D, Grover F, Tuzcu EM, Peterson ED, Brindis
RG, Mack MJ; STS/ACC TVT Registry. Clinical outcomes at 1 year following
transcatheter aortic valve replacement. JAMA. 2015;313(10):1019-28.

andoni G, Lomivorotov VVV, Nigro Neto C, Monaco F, Pasyuga VV, Bradic N,
Lembo R, Gazivoda G, Likhvantsev W, Lei C, Lozovskiy A, Di Tomasso N,
Bukamal NAR, Silva FS, Bautin AE, Ma J, Crivellari M, Farag AMGA, Uvaliev NS,
Carollo C, Pieri M, Kunstyr J, Wang CY, Belletti A, Hajjar LA, Grigoryev EV, Agro
FE, Riha H, El-Tahan MR, Scandroglio AM, Elnakera AM, Baiocchi M, Navalesi
P Shmyrev VA, Severi L, Hegazy MA, Crescenzi G, Ponomarev DN, Brazzi L,
Arnoni R, Tarasov DG, Jovic M, Calabro MG, Bove T, Bellomo R, Zangrillo A;
MYRIAD Study Group. Volatile Anesthetics versus Total Intravenous Anesthesia
for Cardiac Surgery. N Engl J Med. 2019;380(13):1214-25.

Bonanni A, Signori A, Alicino C, Mannucci I, Grasso MA, Martinelli
L, et al. Volatile Anesthetics versus Propofol for Cardiac Surgery with
Cardiopulmonary Bypass: Meta-analysis of Randomized Trials. Anesthesiology.
2020;132(6):1429-46.

Sousa-Uva M, Head SJ, Milojevic M, Collet JP. Landoni G, Castella M, et al.
2017 EACTS Guidelines on perioperative medication in adult cardiac surgery.
Eur J Cardiothorac Surg. 2018;53(1):5-33.

einstein (Sao Paulo). 2025;23:1-12

12

26.

21.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Chaves RC, Rabello Filho R, Timenetsky KT, Mareira FT, Vilanova LC, Bravim
BA, et al. Extracorporeal membrane oxygenation: a literature review. Rev
Bras Ter Intensiva. 2019;31(3):410-24.

Pagano D, Milojevic M, Meesters MI, Benedetto U, Bolliger D, von Heymann
C, et al. 2017 EACTS/EACTA Guidelines on patient blood management for
adult cardiac surgery. Eur J Cardiothorac Surg. 2018;53(1):79-111.

Myles PS, Smith JA, Forbes A, Silbert B, Jayarajah M, Painter T, Cooper DJ,
Marasco S, McNeil J, Bussiéres JS, McGuinness S, Byrne K, Chan MT, Landoni
G, Wallace S; ATACAS Investigators of the ANZCA Clinical Trials Network.
Tranexamic Acid in Patients Undergoing Coronary-Artery Surgery. N Engl J
Med. 2017;376(2):136-48. Erratum in: N Engl J Med. 2018;378(8):782.

Chaves RC, Corréa TD, Neto AS, Bravim BA, Cordioli RL, Moreira FT, et al.
Assessment of fluid responsiveness in spontaneously breathing patients: a
systematic review of literature. Ann Intensive Care. 2018;8(1):21.

Hahn RT, Abraham T, Adams MS, Bruce CJ, Glas KE, Lang RM, et al. Guidelines
for performing a comprehensive transesophageal echocardiographic
examination:  recommendations from the American Society of
Echocardiography and the Society of Cardiovascular Anesthesiologists. J Am
Soc Echocardiogr. 2013;26(9):921-64.

Trauzeddel RF, Ertmer M, Nordine M, Groesdonk HV, Michels G, Pfister R,
et al. Perioperative echocardiography-guided hemodynamic therapy in
high-risk patients: a practical expert approach of hemodynamically focused
echocardiography. J Clin Monit Comput. 2021;35(2):229-43.

Tafner PE Chen FK, Rabello R, Corréa TD, Chaves RC, Serpa A. Recent
advances in bedside microcirculation assessment in critically ill patients. Rev
Bras Ter Intensiva. 2017;29(2):238-47.

Filho RR, Chaves RC, Assungdo MS, Neto AS, De Freitas FM, Romagnoli
ML, et al. Assessment of the peripheral microcirculation in patients with
and without shock: a pilot study on different methods. J Clin Monit Comput.
2020;34(6):1167-76.

Engelman DT, Ben Ali W, Williams JB, Perrault LP, Reddy VS, Arora RC, et

al. Guidelines for Perioperative Care in Cardiac Surgery: Enhanced Recovery
After Surgery Society Recommendations. JAMA Surg. 2019;154(8):755-66.

Midega TD, Chaves RC, Ashihara C, Alencar RM, Queiroz VN, Zelezoglo GR,
et al. Ketamine use in critically ill patients: a narrative review. Rev Bras Ter
Intensiva. 2022;34(2):287-94.

Rocha LL, Neto AS, Pessoa CM, Almeida MD, Juffermans NP Crochemore
T, et al. Comparison of three transfusion protocols prior to central venous
catheterization in patients with cirrhosis: a randomized controlled trial. J
Thromb Haemost. 2020;18(3):560-70.

Patel NN, Avlonitis VS, Jones HE, Reeves BC, Sterne JA, Murphy GJ.

Indications for red blood cell transfusion in cardiac surgery: a systematic
review and meta-analysis. Lancet Haematol. 2015;2(12):543-53.

Hohmann FB, Chaves RC, Olivato GB, Souza GM, Galindo VB, Silva M Jr,
et al. Characteristics, risk factors, and outcomes of bloodstream Candida
infections in the intensive care unit: a retrospective cohort study. J Int Med
Res. 2023;51(1):3000605221131122.

Seese L, Sultan |, Gleason TG, Navid F, Wang Y, Thoma F, et al. The Impact
of Major Postoperative Complications on Long-Term Survival After Cardiac
Surgery. Ann Thorac Surg. 2020;110(1):128-35.

Pahwa S, Bernabei A, Schaff H, Stulak J, Greason K, Pochettino A, et al.
Impact of postoperative complications after cardiac surgery on long-term
survival. J Card Surg. 2021;36(6):2045-52.

. Chaves RC, Barbas CS, Queiroz VN, Serpa Neto A, Deliberato RO, Pereira AJ,

et al. Assessment of fluid responsiveness using pulse pressure variation,
stroke volume variation, plethysmographic variability index, central
venous pressure, and inferior vena cava variation in patients undergoing
mechanical ventilation: a systematic review and meta-analysis. Crit Care.
2024;28(1):289.



