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Abstract

Cardiac pre-operative evaluation must aim to estimate the perioperative cardiovascular risk, taking into consideration
the individual clinical setting along with the type of surgery. Pre-operative assessment and management comprise
evaluation of risk scores and the potential performance of some paraclinical tests to better prepare the patient
for surgery. Pain management, adequate hydration, and thromboembolic prophylaxis constitute the main axis to
decrease perioperative cardiovascular complications; moreover, the presence of previous cardiac conditions along
with hypersympathetic activity is involved in a significant percentage of perioperative morbidity. Patients with minimal
perioperative risk may not require systematically a cardiology consultation, whereas patients with moderate or high
surgical risk often require a multidisciplinary approach for better perioperative management. The use of paraclinical
tests to evaluate cardiac condition, such as cardiac biomarkers, echocardiogram, and other noninvasive or invasive
cardiac testing, should be tailored on a case-by-case basis. Such professional practice aims to limit unnecessary
healthcare expenses without compromising clinical outcome. Pre-operative surgical risk is not only based on
cardiovascular condition but also on other factors and comorbidities such as diabetes, renal function, and functional
status. In this regard, the role of the anesthesiologist is essential to evaluate the pre-operative risk (mild, moderate,
or high), also to manage the whole perioperative period.
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Introduction

The terms “pre-operative consultation” were
mentioned in medical literature more than 60 years
ago [1], [2]. One of the first attempts to stratify surgical
perioperative risk was performed by Goldman et al. in
1977 [3].

Perioperative mortality in noncardiac surgery
is estimated between 1% and 5% and nearly one-
third of this mortality is consecutive to cardiovascular
complications [4], [5]. Cardiac complications occur
more frequently in patients with cardiac conditions such
as ischemic heart disease, left ventricular dysfunction,
valvularheartdisease, orarrhythmias [6]. Demographics
of patients undergoing surgery show a trend toward an
increasing number of elderly patients and associated
comorbidities; moreover, cardiovascular disease is the
most frequent comorbidity in elderly patients presenting
for general surgery [6], [7].

Morbidity and mortality after noncardiac
surgery vary considerably among different facilities

and countries, and accordingly, there must be
significant human and organizational factors at play
explaining these discrepancies [8], [9]. Nowadays,
there are significant discrepancies regarding the use
of pre-operative cardiac paraclinical testing, especially
in a context of quite common restricted medical
budget [10], [11]. For instance, there is substantial
medical discrepancy in daily practice regarding
the use of cardiac pre-operative consultations, the
extent of use of pre-operative paraclinical tests,
the type of anesthesia, the methods used for post-
operative pain control, hemodynamic monitoring,
and sympathoadrenergic contraregulation [9], [12].
In addition, the use of risk scores in daily practice is
insufficient or sometimes absent, and the collaboration
between anesthesiologists, cardiologists, surgeons, and
intensivists is often insufficient and such collaboration
is of utmost importance to decrease perioperative
morbidity in high-risk patients [6].

In this regard, the task of the cardiologist,
together with the anesthesiologist, is of utmostimportance
to accurately assess risks in patients undergoing
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noncardiac surgeries and to avoid or minimize adverse
cardiovascular events. In this study, we sought to
emphasize the importance of pre-operative cardiac risk
stratification, with a focus on the role of both cardiologist
and anesthesiologist, along with a multidisciplinary
approach especially in moderate or high-risk patients,
aiming to expand awareness for better perioperative
management and outcome in elective noncardiac surgery.

Methods

A MEDLINE/PubMed search was performed to
identify relevant articles using the following keywords:
“Perioperative morbidity; risk scores” yielding 679 articles
and “pre-operative cardiac risk assessment’ yielding
4003 articles. Furthermore, there was manual search for
relevant guidelines, also manual search was performed
to find relevant articles from the reference lists of obtained
articles. Topics discussed in this article involve elective
noncardiac surgery, including endoscopic procedures;
therefore, articles related to emergent surgery or cardiac
surgery were excluded. Similarly, case reports and
articles that were not in English were excluded, also those
that focused solely on pediatric or gyneco-obstetrical
population were excluded from the study. No specific date
limit of publication was considered, though we focused
on the most recent publications. As a result, 287 articles
were selected and overviewed for suitability, and only 78
articles found relevant were selected. Figure 1 illustrates
the process of selection of different articles.

“perioperative
morbidity”

AND - 679 articles
“risk scores”
“preoperative
cardiac risk . 4003 articles

assessment”

Selected articles

estimated relevant 287

articles

‘ 209 excluded
after detailed

review

to the study:
[78]

Figure 1: Algorithm showing the process of articles selection
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Physiopathology of perioperative cardiac
events

Perioperative medicine is regarded as an
emerging field in medicine, and it is defined as the
practice of patient-centered, multidisciplinary and
integrated medical approach from the moment of
contemplation for surgery until full recovery, an
approach that focuses on optimizing patients well-being
and reducing perioperative morbidity and mortality [13].
The perioperative period consists practically of the
immediate in-hospital pre-operative interval, together
with the intraoperative and the in-hospital post-
operative intervals; however, in many studies, the post-
operative period was considered as such until 30 days
post-surgery [6].

The risk of perioperative complications
depends broadly on the patient general condition, the
presence of comorbidities, and the characteristics of
the surgical procedure (type, magnitude, urgency, and
duration). In general, operative risk can be classified as
low, intermediate, or high (Table 1) [6], [14].

Many factors interfere to affect the occurrence of
cardiac complications during or after noncardiac surgery,
and these factors are mainly divided into patient-related
factors (general status, functional capacity, and cardiac
comorbidities), and procedure-related factors (type of
surgery, pre-operative preparation, etc.) [15] (Figure 2).

The presence of previous cardiac history is a
significant factor predisposing to perioperative cardiac
events; hypertension, heart failure, coronary artery
disease, valvular heart disease, and cardiac arrhythmia

P 4682 articles

4420 excluded
without

detailed review

| —
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for full review

+

25 added manually: guidelines,
articles from reference list of pre-
selected articles

42

https://www.id-press.eu/mjms/index



Nasr et al. Pre-operative cardiovascular evaluation in noncardiac surgery

Table 1: Procedural cardiac risk. Different cardiac risks
(low, intermediate, and high) associated with different types of
surgeries (adapted from Kristensen et al.) [8]

Low cardiac risk Intermediate cardiac risk  High cardiac risk

Endoscopic procedures Head and neck surgery Emergent surgery on patients above
75-year-old

Aortic and major vascular surgery
Peripheral surgery

Surgery with long procedural
duration

Surgery with significant fluid shifts
Surgery with significant blood loss

Cataract Prostate surgery
Breast surgery Intrathoracic surgery
Skin and subcutaneous Intraperitoneal surgery
tissue
Orthopedic surgery
Carotid surgery

form the main cardiac conditions that must be recognized
and managed in the perioperative period [6].

PATIENT PROCEDURE

Age
Functional capacity Per-post operative care and
monitoring

Comorbidities
Cardiovascular risk factors Anesthesia technique
Type of surgery

Patient preparation
Clinical scores

\ SURGICAL RISK /
Low

Intermediate
High

—

Figure 2: Surgical risk. Surgical risk (low, intermediate, and
high) associated with different patients and different procedural
parameters [14], [15].

Any interventional procedure may provoke a
reaction of the organism initiated by pain, psychological
stress, and tissue injury. Moreover, the perioperative period is
usually marked by a bedridden status, especially after major
surgeries which are usually followed by excess pain and long
hospital stay. In addition, during surgery, there is a potential
change in body temperature, fluid shifts, and blood loss. All
these factors contribute to increase sympathetic nerve tone
leading to an increase in myocardial oxygen demand along
with a trend to increased thrombogenicity, thus predisposing
to general and to cardiovascular complications [16], [17],
[18]. The type of surgery and the form of anesthesia that
is used (general, locoregional, and neuraxial) affects
perioperative morbidity. Less invasive anesthetic techniques
are known to reduce morbidity and mortality in high-risk
patients (Figure 3) [15], [19]. Table 1 illustrates the cardiac
risk associated with different types of surgeries.

Cardiac morbidities, other co-morbidities,
type of surgery, type of anesthesia, functional status

pain, stress, tissue injury, bedridden status, fluid shift, blood loss, hypoxia

Thrombogenicity- Hypersympathetic tonus

Perioperative morbidity/mortality

Figure 3: Different factors and physiopathology involved in
perioperative morbidity/mortality [14], [15], [16].

Risk scores

Risk scores may provide a broad predictive
value regarding cardiac risk in the perioperative
period. Although they do not yield a perfect predictive
value regarding morbidity and mortality, they help to
indicate whether the patient has a low, intermediate,
or high perioperative risk. Historically, the main risk
scores were developed by Goldman et al.,, Detsky
et al, and Lee et al. in 1977, 1986, and 1999
respectively [3], [20], [21]. The Lee index also called
“revised cardiac risk index” (RCRI) calculation is based
on six predictors: Type of surgery, history of ischemic
heart disease or heart failure, history of cerebrovascular
disease, diabetes mellitus with insulin therapy, and a
creatinine value > 2 mg/dL [21]. Table 2 illustrates the
different parameters comprised in the RCRI and the
associated surgical risk.

Table 2: RCRI and the associated complication risk (adapted
from Lee et al.) [21]

Lee score, RCRI Points

High-risk surgery

Coronary artery disease
Congestive heart failure

History of cerebrovascular disease
Diabetes mellitus on insulin therapy

Pre-operative serum creatinine > 2 mg/dL 1

Risk class Points Complication risk %
Very low 0 0.4

Low 1 0.9

Intermediate 2 6.6

High >3 11.0

RCRI: Revised cardiac risk index.

The RCRI aims to predict post-operative
pulmonary edema, myocardial infarction, ventricular
fibrillation or cardiac arrest, and complete heart block.
The RCRI used to be considered a very useful cardiac-
risk prediction index in noncardiac surgery; however,
it was developed years ago and many progressions
occurred since then regarding diagnosis and
management of cardiovascular diseases [7].

More recently was developed a risk calculator
based on the National Surgical Quality Improvement
Program and it is based on five predictors of
perioperative myocardial infarction and/or cardiac
arrest: Type of surgery, functional status, elevated
creatinine (>1.5 mg/dL), and American Society of
Anesthesiologists class and age [22].

In clinical practice, risk scores are not
implemented unanimously, also these scores should
not impose a predetermined management decision
systematically, they should rather be regarded as one
of the multiple pieces of the puzzle in the pre-operative
context. In addition, these risk scores were developed
years ago, and none has a perfect predictive value; in
this regard, they could be used as complementary risk
predictors in a changing medical world [7], [8]. Moreover,
they should be used to optimize the pre-operative
risk stratification, helping to reduce unnecessary
pre-operative paraclinical tests and to apply tailored
perioperative management [8]. Figure 2 illustrates
the surgical risk associated with different patients and
procedural parameters.
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Pre-operative cardiovascular evaluation

In general, history, physical examination, and
electrocardiogram (EKG) along with standard laboratory
testing and chest-X-ray form the routine pre-operative
workup for most patients. Patients considered at low
perioperative cardiac risk can usually be operated
without further testing, whereas more extensive testing
may be required in patients considered at intermediate
or high perioperative risk [6].

Patients with pre-existing cardiac disease or
those with significant cardiovascular risk factors have
a significantly higher risk of perioperative cardiac
events, and the medical team should concentrate on
the consistent use of all preventive and therapeutic
measures available to decrease the perioperative
risk [5], [23]. More extensive paraclinical testing may be
required on a case-by-case decision [8].

For instance, noninvasive or invasive cardiac
testing such as pre-operative resting echocardiography,
stress echo, or coronary angiogram is unnecessary in
low-risk patients and might be considered according
to clinical settings in intermediate and high-risk
patients [11], [24]. Similarly, advanced biological testing
(i.e., cardiac biomarkers) is required on a case-by-case
basis [25]. However, in real practice, it is sometimes
difficult to trace a straight line between low and
intermediate-risk patients or between intermediate and
high-risk patients and therefore the use of risk scores is
helpful in this regard [21], [22].

Of note, the following pre-operative tests
results are considered as markers of elevated cardiac
morbidity/mortality: Abnormal resting EKG, malignant
ventricular arrhythmia or high grade atrioventricular
conduction disease, left ventricular ejection fraction
<35%, abnormal stress test suggesting myocardial
ischemia, positive stress echo, positive cardiac troponin
test, abnormal BNP levels, and high C-reactive protein
levels [8], [26], [27], [28].

Cardiac conditions

Cardiac pre-operative evaluation includes
an assessment of the presence and severity of any
cardiovascular condition and/or cardiovascular risk
factors. Moreover, cardiac assessment must comprise
evaluation of the patient general condition, including
mainly functional capacity, respiratory, renal, and
endocrine function, given the interaction of these
functions with the cardiovascular system. The main
cardiac conditions to screen and evaluate consist of
hypertension, heart failure, coronary artery disease,
valvular heart disease, and cardiac arrhythmia [8], [29].

Hypertension

Anesthesia and surgery should not be canceled
in case of uncomplicated pre-operative hypertension;

however, elective surgery may be postponed in patients
with severe hypertension (i.e. systolic blood pressure
>180 mmHg or diastolic blood pressure >110 mmHg),
given that uncontrolled hypertension increases risks
of perioperative complications [30]. Of note, the
white coat effect yielding pseudohypertension in this
context should be evoked in patients with new-onset
undiagnosed hypertension; in this regard, it is important
to validate the diagnosis of hypertension by repetitive
measurements, while considering automated devices if
necessary.

Pre-operative blood pressure control may be
achieved with any anti-hypertensive therapy, with a
special preference to beta-blockers given their proven
perioperative benefit [31]; in this regard, all anti-
hypertensive drugs may be held — if justified — on the
morning of the surgery, except for beta-blockers which
have proven a longer clinical benefit when continued
during the post-operative period [30], [31]. Of note, post-
surgical pain may exacerbate a relatively stable blood
pressure and management must take into account
sedation and antalgics besides anti-hypertensive
therapy.

Heart failure

The prevalence of heart failure is higher with
advanced age, the age during which the rate of cardiac
and noncardiac surgery is higher [32]. The presence
of heart failure increases cardiac perioperative risks
accordingtovalidatedrisk scores[3],[20],[21]. Increased
BNP levels in the pre-operative period predisposes to
higher per- and post-operative cardiac morbidity and
mortality [33]; similarly, a left ventricular ejection fraction
<35% and/or the presence of diastolic dysfunction with
elevated left ventricular filling pressure are predictive of
adverse outcome in the post-operative phase [34], [35].
Exacerbation of heart failure in the perioperative period
may result from change in medications, also from pain
and surgical adrenergic stress, leading to the excessive
workload on a failing myocardium [36]. Of note, any
fluid replacement should be carefully administered and
adapted to the hemodynamic condition to avoid volume
overload [37]. In view of this, a flexible diuretic regimen
must be adopted in the perioperative period to avoid
congestion or volume depletion in patients with heart
failure. Surgical procedures with intermediate or high
risks should be delayed (unless urgent) in patients with
decompensated or unstable heart failure until better
preparation and stabilization of the hemodynamic
condition [38].

Coronary artery disease

Coronary artery disease represents a significant
cause of morbidity and mortality in the perioperative
period; Botto et al. reported that myocardial injury
consecutive to ischemia is associated with substantial
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per- and post-operative mortality in adults undergoing
noncardiac surgery [39]. The pathophysiology of
perioperative myocardial ischemia is complex,
including surgical stress, pain, prothrombotic status,
and hypersympathetic tonus, leading to mismatch
between myocardial oxygen supply and demand [40].
Of note, the occurrence of some intraoperative events
(i.e., blood transfusion, a fall more than 20 mmHg
in mean arterial blood pressure for more than 60
consecutive minutes, persistent tachycardia in the
recovery room [>30 bpm from baseline for more than 5
consecutive min] predisposes to cardiac complications,
namely, myocardial ischemia) [41].

The occurrence of myocardial ischemia
may be asymptomatic in the post-operative period,
or may manifest as angina, or even may manifest as
complications of ischemia/infarction such as heart
failure. The clinical manifestation of myocardial
ischemia such as angina in this context is typically
minimal, given that it may occur peroperatively or even
postoperatively when the patient is still under the effect
of sedation, or even taking antalgics as regular post-
operative medication [39]. Troponin measurement up to
3 days after noncardiac surgery is of utmost importance
to monitor the occurrence of myocardial ischemia in
high-risk patients [39].

Adequate patient preparation and customized
perioperative hydration are essential, namely, in
patients already known to have coronary artery disease,
medications management, introduction of protective
agents (i.e., nitrates, beta-blockers, etc.) is made on a
case-by-case decision [39], [42]. Pre-operative cardiac
tests are recommended only if test results are expected
to change perioperative management, and they may
consist, besides the baseline EKG, of stress test, stress
echo, or even coronary angiography [43], [44], [45].

Valvular heart disease

Aortic and mitral valve diseases are the most
common valvular diseases encountered during the
perioperative assessment, and significant valvular heart
disease is recognized as a risk factor for increased
morbidityinnoncardiacsurgery[8],[46]. Echocardiogram
is indicated preoperatively in every patient suspected
or known to have valvular heart disease to assess its
type and severity [47]. When assessing valvular heart
disease, whether related to native or prosthetic valves,
three main considerations are essential in this context:
Type and severity of valvular disease, management of
medications (i.e., anticoagulation), and prophylaxis of
endocarditis [48].

Among all valvular heart diseases, aortic
stenosis, especially when severe, is associated
with the greatest operative and post-operative risk,
and anesthesiologist should proceed with special
considerations in this regard [49]. Appropriate antibiotic
prophylaxis reduces the risk of infective endocarditis

in patients with native or prosthetic valve disease,
also anticoagulation must be adequately managed in
the perioperative period, especially in patients with
mechanical valve prosthesis [50]. In general, valvular
heart disease and resulting comorbidities, such as
heart failure or atrial fibrillation, significantly increase
the risk for perioperative adverse events; accordingly,
appropriate perioperative assessment, monitoring, and
management is essential.

Arrhythmia

Cardiac arrhythmias are frequently
encountered during the perioperative period, also
documented pre-operative arrhythmias is associated
with higher prevalence of intraoperative and post-
operative arrhythmias [51]. Arrhythmia may occur
even in the absence of cardiac condition and it may
simply result from the hyperadrenergic status, hypoxia,
hypovolemia, electrolyte disturbance, acidosis, or
hypothermia encountered during the perioperative
period [52], [53]. Arrhythmia prevention in the
perioperative period is based on avoidance or reduction
of excessive sympathetic stimulation consecutive to
pain or stress; in this regard, adequate sedation along
with medication management (i.e., beta-blockers) is
helpful [54].

Some arrhythmias — such as left bundle
branch block or atrial fibrillation — represent an
independent predictor of post-operative adverse
events; in this context, advanced cardiac testing
(Holter, echocardiogram...) must be considered
for assessment, also medications management
is essential for prevention and management of
perioperative dysrhythmic risk [55], [56]. Post-
operative monitoring is essential in all patients
estimated at high risk of malignant ventricular
arrhythmia such as ventricular tachycardia or
fibrillation [53]. Of note, any heart conduction
disease noticed preoperatively, may progress to
more advanced conduction block during the intra- or
post-operative period, and in such conditions, close
monitoring or even prophylactic pacing may be
required on a case by case decision [57], [58].

Patients with pacemakers or implantable
cardioverter-defibrillators need special attention; they
must have their devices checked preoperatively, and
sometimes per- and postoperatively, also the surgeon
and anesthesiologist should be informed about the
presence of cardiac electronic implantable device.
Of note, electric cauterization is usually prohibited
in this setting; nevertheless, its use is decided
on a case by case decision after approval of the
electrophysiologist [59], [60], [61]. Figure 4 summarizes
the required data and cautions to undertake in patients
with a cardiac electronic implantable device.
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Data and measures Cautions/To-do

Preoperative period:
- Intended surgical procedure, location of CEID
- interrogation mandatory:
type of CEID (PM or ICD)
check for dependency

—_—

Peroperative period:
- keep available personnel and tools
- use of electrocautery and type

Postoperative period:
- Consider re-interrogation and
reprogrammation of CEID

Al Availability of Industry Allied Professional and/or Electrophysiologist,

Cardiothoracic or chest wall surgical

procedure could impair/displace CIED generator or leads
Temporary programming may be required,

Temporary pacemaker may be required,

Give advice regarding use of electrocautery

"~ Permanent monitoring
External defibrillator standby, keep available magnet/ Programmer,

Electrocautery very close to the CEID is prohibited; Bipolar
electrocautery could be applied far from CEID, on a case-by-case

—  —|

- decision, under monitoring and after Electrophysiologist approval

Anticipated post-procedural monitoring or telemetry for special
subsets of patients

Figure 4: Data to acquire and cautions to undertake in patients with a cardiac electronic implantable device (adapted from Stone et al. [60]).
CEID: Cardiac electronic implantable device, PM: Pacemaker, ICD: Implantable cardioverter-defibrillator

Cardiac medications management

The use of statins in the perioperative period
is controversial; however, it should be continued in
patients already taking such medications given the
beneficial effect related to the pleiotropic property
of these drugs [62]. To avoid the adverse events
of the bedridden status and hypercoagulation risk,
antithrombotics are indicated in almost every patient in
the perioperative period.

Patients with previous cardiac conditions
who are taking anti-platelets or anticoagulants
should be adequately managed while weighing risks
and benefits of bridging to low molecular weight
heparin [63], [64], [65]. In patients with coronary stents,
the individual thrombotic and hemorrhagic risks must
be evaluated; however, elective noncardiac surgery is
preferably performed at least 6 months after coronary
stenting. Rossini et al. reported that Aspirin may be
continued perioperatively in the majority of patients with
coronary stents, also in patients with low risk of bleeding,
dual antiplatelet therapy should not be withdrawn [42].
However, if bleeding risk is significant and antiplatelet
therapy is stopped, perioperative therapy with short-
acting intravenous glycoprotein IIb/llla inhibitors should
be taken into consideration [42].

The hypersympathetic activity in the
perioperative period, related to fear, pain, and surgical
stress results in tachycardia, vasoconstriction, and
hypercoagulable status. Patients on beta-blocker
therapy are usually kept on this beneficial therapy, also
some patients (i.e., those with baseline tachycardia)

may benefit from beta-blockers therapy given their
perioperative benefit related to a decreased morbidity
and mortality [66], [67]. Antibioprophylaxis is useful
in the perioperative period in patients with valvular
heart disease in order to minimize the risk of infectious
endocarditis [46].

Role of Anesthesiologist and insight into
perioperative care

While the cardiologist has the main role to
assess cardiac condition and to prevent cardiovascular
complications, the anesthesiologist has the broader role
to assess all the patient general condition, also to require
interdisciplinary cooperation whenever necessary to
optimize pre-existing disorders, and to lower the general
perioperative risk [68]. Figure 5 illustrates the different
steps of the process that is usually followed in the chain
from initial patient consultation until surgical procedure.

The role of the anesthesiologist is essential,
it extends from the pre-operative evaluation, to
operative anesthesia technique and to post-operative
management. The anesthesia technique starts with
premedication which is important to reduce surgical
stress, followed by effective intraprocedural anesthesia,
then the recovery (awakening) from anesthesia [69].
In the pre-operative phase, the anesthesiologist has
to estimate the global surgical risk; in this respect, all
systems are overviewed, namely, respiratory, renal, and
endocrine system, also functional capacity is evaluated.
Of note, a metabolic equivalent (MET) <3 represents a
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Surgeqn Preoperative Anesthesiologist
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preliminary tests clinic SOnRIRAioN
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S
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Surgical risk estimated

significant (moderate or high) | 1| Cardiology consultation | —————>

despite medical adjustment

Medication optimized
Surgical risk controlled
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U
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o

Surgical risk still
estimated elevated

Surgery delayed
or cancelled

(moderate/high)

Figure 5: Algorithm showing the different steps of the process that is usually followed in the chain from initial patient consultation until surgical

procedure. EKG: Electrocardiogram, CXR: Chest X rays

poor functional capacity and is considered a significant
pre-operative risk factor [70].

Anesthesia techniques include general
anesthesia, neuraxial techniques, regional anesthesia,
and monitored anesthesia care. During surgery, there
are many changes that occur in the organism, these
changes comprise mainly hemodynamic, endocrine,
and metabolic aspects, and they can be a reaction to
surgical stress or consecutive to anesthetic agents,
to endotracheal intubation, and to perioperative fluid
imbalance and potential blood loss [71]. In all cases,
it is essential to implement a customized anesthetic
technique according to the patient's condition. It is
important to remember that stress response to surgery
is a kind of physiological reaction and therefore, total
suppression of the endocrine stress response may be
hazardous [71]. Similarly, a substantial neuroendocrine
reaction during surgery may result in hemodynamic
dysfunction, namely, in patients with heart failure [71].

Stress response is modulated during surgery
according to the type of anesthesia and type of agents
used; for instance, with local anesthesia, there is an
afferent blockade, whereas with general anesthesia,
there is central modulation. Neuraxial anesthesia
includes spinal and epidural anesthesia, and it yields
a lower stress response due to sympathetic nerve
blockage, provoking vasodilation, and sometimes
significant hypotension. Nevertheless, when compared
to general anesthesia, neuraxial anesthesia is

associated with lower morbidity and mortality, especially
in high-risk patients [72]. However, neuraxial anesthesia
may be harmful in patients with severe aortic stenosis,
where significant peripheral vasodilatation may worsen
the hemodynamic status [73].

Post-operative pain engenders a physiological
stress response that incorporates an increased heart
rate, stroke volume, and peripheral resistance due
to enhanced sympathetic activity. All these changes
will increase myocardial work and oxygen demand.
Accordingly, different pain management regimens
are available such as classical antalgics alone or in
association with non-steroidal anti-inflammatory drugs,
intravenous opioids, or neuraxial analgesia [74]. Of
note, noncardiac post-operative complications are
usually managed by the anesthesiologist; among
these, pulmonary complications are relatively frequent;
older age, longer procedure duration, and pre-existent
pulmonary conditions are risk factors for post-operative
pulmonary complications [75].

Practical and clinical implications

In general, pre-operative cardiac assessment
should focus primarily on an evaluation of the current
cardiac condition for the impending surgery, along with
a global overview of the long-term cardiovascular risk
factors. Cardiologists should avoid systematic use of
some terminology (i.e., “cleared for surgery”) during
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the pre-operative consultation, they should rather
stratify patients into low, moderate, or high risk. Of
note, cardiology consultations that occur few minutes
before elective surgical procedure (last minutes
cardiology consultations) are often consecutive to lack
of organizational issues and must be avoided given
that they do not ensure optimal patient assessment and
preparation in such context [68]. Moreover, patients with
moderate or high surgical risk score often require an
integrated and multidisciplinary approach to ensure a
tailored preparation and optimal surgical outcome [68].
Of note, early detection of cardiovascular post-operative
complications is essential to decrease morbidity and
mortality in the post-operative period; in this regard, BNP
and troponin serial measurements in high-risk patients
in the post-operative period showed high sensitivity to
predict post-operative complications [76], [77].

Perioperative risk  estimation comprises
multiple facets, including general clinical status, risk
scores, biomarkers, functional capacity, type of surgery,
and intraoperative technique and post-operative
monitoring and management. High-risk cardiac
patients usually remain vulnerable in the immediate
post-operative period and accordingly, electrical
and hemodynamic monitoring is justified during this
period [78]. In general, the implementation of targeted
and tailored diagnostic and management strategies
allow to reduce the perioperative morbidity and
mortality. Professional practice should be systematically
evaluated and re-evaluated to improve clinical outcome
and to decrease unnecessary expenses, especially in
healthcare systems where budgets are often restricted.

Conclusion

During the pre-operative period, attention to the
presence, nature, and severity of any cardiac condition
allows appropriate perioperative monitoring and
management. Coronary artery disease, hypertension,
arrhythmia, valvular heart disease, and heart failure
constitute the main cardiac conditions that must be
recognized and managed in the perioperative period.
The assessment of cardiac risk using validated scores
is useful and should be implemented more frequently
in daily practice. Implementation of diagnostic,
preventive, or therapeutic medical strategies is based
on the individual clinical setting and must be tailored
to minimize the risk of perioperative cardiac morbidity
and mortality. The era when a single man (i.e., surgeon)
could significantly impact the perioperative outcome is
definitively obsolete, and nowadays, a multidisciplinary
approach, consisting of a joint effort by all health-care
personnel, along with hospital managers can result
in a clinically significant and favorable perioperative
outcome.
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