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lower mortality in overweightand obese patients
relative to normal-weight patients and increased
mortality in underweight individuals.· Thus,
there appears to be a paradox in relation to
obesity and mortality following cardiac surgery.
It seems that existing knowledge gaps in the
matter should be addressed by further research.

SEX

Female sex has been quoted as a risk factor for
either morbidity or mortality.',s Some studies,
however, have examinedboth sex and body size
in the same population and have shown that it
is the small body size, and not sex, that increases
the risk.9,lO Without considering the body size,
women do appear to be at a higher risk, as they
commonly have smaller body surface area
compared with men. In addition, a study has
shown that the higher mortality rate that was
observed in women after cardiac surgery was
because of a higher baseline risk resulting from
the presence of more concurrent risk factors."
A recent paper has reported that female sex was
associated with an increase in long-term
mortality after cardiac surgery.12 Another
retrospective analysis has concluded that female
patients undergoing CABG are at a greater risk
of in-hospital death and 30-day and 90-day
readmission compared with men.13 However,
female sex is not a risk factor following coronary
artery bypass grafting in patients more than
75 years of age.14 Since, female sex is a compo­
nent of most risk scores, risk evaluation, espe­
cially in elderly females should be performed
with caution.

PREVIOUS MYOCARDIAl. INFARCTION

As compared to the general population, the risk
of developing perioperative myocardial
infarction (MI) is increased considerably in
patients with previous MI (older than 1 month).
Such re-infarctions occur postoperatively and
silently, making them difficult to detect. In
addition, the mortality associated with re­
infarctions is also much higher. Recent
preoperative MI is an important predictor and
the risk of infarction exceeds 30 percent within
3 months, and it is 15 percent at 3 to 6 months

and approximately 6 percent after 6 months of
infarction.IS However, it has been reported that
the mortality rates were improved considerably
when the patients were subjected to aggressive
monitoring and management during the
intraoperative and postoperative periods.1., 17

Although it is reasonable to believe that such
monitoring and treatment modalities are likely
to improve the outcome, the beneficial effects
have not been confirmed.

In any case, the management of MI has been
revolutionised in the recent times so that these
recommendations have a limited role to play. For
instance, the importance of intervening time
interval between MI and surgery may not be
relevant in the current era of thrombolytics and
angioplasty. Risk stratification should be per­
formed during convalescence." The American
College of Cardiology (ACC)/American Heart
Association (AHA) guidelines19 recommend
coronary revascularisation in patients with
stable angina having significant left main
coronary artery stenosis, three-vessel disease, or
two-vessel disease with significant proximal left
anterior descending stenosis, high-risk unstable
angina or non-ST segment elevation MI, or with
acute ST-elevation MI. In patients in whom
coronary revascularisation with percutaneous
coronary intervention is appropriate, and
non-cardiac surgery is required in subsequent
12 months, a strategy of balloon angioplasty or
bare metal stent placement followed by 4 to
6 weeks of dual anti-platelet therapy is probably
indicated. In patients who have received drug
eluting coronary stents and who must undergo
urgent surgical procedures, it is suggested to
continue dual anti-platelet therapy unless the
risk of bleeding is greater than the risk of stent
thrombosis.'9For details, the reader should refer
to the guidelines and the focussed update.'9,20

In 2009, the first European Society of Cardio­
logy guidelines on perioperative care were
developed.21 Like the ACC/ AHA guidelines,
the decision-making process integrates clinical
markers, early coronary evaluation, functional
capacity, and the type of surgery involved.

In the developing countries, however, the
treatment of acute MI in the form of thrombo-
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lysis, angioplasty and surgery may not be
available to all the patients so that the earlier
recommendations regarding the intervening
time interval between MI and surgery should
not be considered invalid in them. Even the
recent literature suggests that 60 days should
elapse after MI before noncardiac surgery in the
absence of a coronary intervention.22

ANGINA

Patients suffering from CAD can be identified
by history of a classical angina. The pain is of
strangulating nature, often occurring with
exercise, emotional stress or during meals and
is relieved with rest. Anterior chest pain is most
common, but may also present as left arm, neck
and right arm pain. Other rare sites are chin,
forehead and epigastrium. Typical duration of
anginal pain is from 5 to 15 minutes. It is impor­
tant to understand different types ofanginal pain
as they have different prediction of risk.

stable Angina

It is a substernal pain or discomfort that is
precipitated by exercise, relieved by rest or nitro­
glycerin (NTG) or both in less than 15 minutes
and is typically radiated to the shoulder, jaw or
the inner aspect of the arm. It is a controversial
predictor in non-eardiac surgical patients,23 but
the patient who develops dyspnoea on mild
exertion is at a high-risk for developing peri­
operative ventricular dysfunction, myocardial
ischaemia and possible MI. Such patients have
a high probability ofhaving extensive CAD, and
additional monitoring or cardiovascular testing
should be performed. A meta-analysis has
shown that male sex, reduced ejection fraction,
diabetes, prior MI and high C-reactive protein
were the most powerful predictors of cardio­
vascular events in a patient with stable coronary
disease.24 These findings may help clinicians in
identifying the most appropriate diagnostic and
therapeutic approach for a patient with stable
coronary artery disease presenting for non­
cardiac surgery.

Angina can be frequently present in patients
sufferingfrom aortic stenosis (AS) in the absence
of CAD. The reason for this is the increased left

ventricular (LV) mass (concentric hypertrophy)
as well as decreased coronaryperfusionpressure.
As AS commonly occurs in young patients in
the developing countries (due to rheumatic
fever), associated CAD is usually not present.
Nevertheless, preoperative coronary angiogram
may be performed in all patients with AS above
40 years of age to rule out associated CAD. The
combination of AS and ischaemic heart disease
(IHD) increases the perioperative risk"

Unstable Angina

It may reflect cyclic coronary obstruction
produced by an unstable thrombus associated
with varying degrees of vasospasm and is
defined as: (1) Newly developed angina occurr­
ing within the past 2 months; (2) Progressively
worsening angina occurring with increased
frequency, intensity or duration, being less
responsive to medicine, and/or rest; or (3) Angina
lasting longer than 30 minutes exhibiting
transient unresponsiveness to standard thera­
peutic manoeuvres including NTG and rest, and
which is associated with transient ST-T wave
changes without development of Q waves or
diagnostic elevation of enzymes. The presence
of unstable angina has been associated with a
high perioperative risk of MI.26 Such patients
should, therefore, be referred for further medical
or coronary interventions before elective non­
cardiac surgery. Only vital or emergency
surgical procedures should be considered for
these patients as they carry a five times greater
perioperative risk27

variant Angina

It was described in 1959 by Prinzmetal and
coworkers.28 It usually occurs at rest and is not
associated with exercise or emotional stress.
These patients have a high incidence of arrhyth­
mia and conduction abnormalities. Although,
the perioperative risk in these patients has not
been studied, a review article has suggested that
patients with pre-existing vasospastic angina are
at much greater risk for perioperative attacks,
and special precautions such as prophylactic
vasodilator treatment are justified to reduce this
risk29



_ ....~ ~4~ ~C~II~nl~c~a~1Pr~a~ct~lc~e~o::f..::C::::a~rd~l::ac:::c.:An:..:::aesth=~es:=:la=---- _

It should be remembered, however, that the
characteristics of an anginal pain have no
relation to the anatomical lesions in the coronary
arteries in terms of number of vessels involved
or the degree of narrowing.

SILENT MYOCARDIAL ISCHAEMIA

Silent myocardial ischaemia is now recognised
as an important predictor of cardiac risk. It has
been shown that as many as 75 percent of
episodes of significant ST depression are not
accompanied by angina and occur at signifi­
cantly lower heart rates (HR) than symptomatic
episodes.'" The mechanism of silent ischaemia
and infarction is unknown, but sensory
neuropathy has been labelled as the causative
factor, particularly in the diabetics. These events
can be detected by ambulatory (Holter) electro­
cardiography performed during normal daily
activities in normal population or patients with
CAD. However, poor sensitivity and specificity
make these tests poor screening tools.31

HYPERTENSION

lliD is commonly associated with hypertension.
As a risk factor, hypertension is less today since
the perioperative management of high blood
pressure (BP) has improved. The degree of
hypertension is more important and the risk of
MI is increased in hypertensive patients, espe­
cially in the presence of hypercholesterolaemia,
cigarette smoking and ECG abnormality. The
significance of isolated systolic hypertension in
surgical patients is not well established. Patients
with untreated, poorly treated or labile pre­
operative hypertension are more likely to
suffer perioperative BP lability, dysrhythmia,
myocardial ischaemia and transient neurological
complications, thereby increasing the peri­
operative cardiac morbidity. However, some
authors have demonstrated that such is not the
case and the importance of preoperative hyper­
tension as a risk factor for postoperative
morbidity is controversial.23 Furthermore, there
is a lack of consensus regarding treatment
thresholds and the blood pressure targets.
However, hypertensive patients with significant
target organ involvement are at high risk of

complications and should be treated adequately
before surgery.

As per the ACC/AHA guidelines, un­
controlled hypertension is considered as a minor
clinical predictor, i.e. it does not independently
increase the perioperative risk.'·

DIABETES MELLlTUS

Diabetes mellitus is a very common systemic
disorder associated with CAD and has many
important implications. It is considered to be an
independent risk factor for preoperative cardiac
morbidity. Painless MIs occur more frequently
and the infarct size as well as the mortality is
reported to be higher in diabetics.32 In addition,
it can also lead to diabetic cardiomyopathy,
which by itself can increase the cardiovascular
morbidity.33 According to the ACC/AHA
guidelines, diabetes is considered a clinical risk
factor.'· Therefore, diabetes should be consi­
dered a potential predictor of perioperative
cardiac morbidity.

CIGARETTE SMOKING

The adverse cardiovascular effects of cigarette
smoking are well known and smokers are at an
increased risk of MI." Acute effects of smoking
include increased coronary vascular resistance
caused by direct vasoconstrictor effect of
nicotine.35 The myocardial oxygen consumption
(MVO,) may be increasedby increasing the rate­
pressure product. In addition, the decreased
systemic oxygen transport caused by an increase
in carboxyhaemoglobin levels can disturb the
supply-demandbalance. The major mechanisms
ofchronic cigarette use leading to cardiovascular
disease include among others, oxidative injury,
endothelial damage and dysfunction, enhanced
thrombosis and chronic inflammation.35 All
these adverse cardiovascular effects, along with
the well-known detrimental effects of smoking
on the respiratory system may increase the risk
for cardiac morbidity in these patients.

PREVIOUS CARDIAC SURGERY

The increasing number of cardiac operations
performed everyday has led to more patients
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returning for reoperation. The technical difficul­
ties arising out of adhesions between the heart
and surrounding tissues are well known. It has
been observed that the tendency to scar forma­
tion is more in black as compared to the white
population, and therefore, they are likely to have
dense adhesions. Bleeding from the adhesions
can be profuse and lead to increased blood
transfusion requirements. In addition, difficult
dissection may require excessive handling of the
heart leading to arrhythmias and reduced
cardiac output.

In valve replacement surgeries, inadequate
mobilisation of the LV apex may impair the
deairing of cardiac chambers before release of
the aortic cross clamp leading to a higher risk of
air embolisation. In addition, these patients are
on anticoagulants such as warfarin, and unless
the medicine has been discontinued for an
adequate period (3 to 7 days), the postoperative
bleeding can be increased further.

In general, the patients undergoing reepera­
tion are sicker and carry a higher risk of
morbidity and mortality. Previous CABG in
patients undergoing non-eardiac surgery has
been shown to improve the outcome, and the
post-operative incidence of MI in these patients
is reported to be 0 to 1.2 percent and mortality
0.5 to 0.9 percent. (MI, 1.1 to 6 percent and
mortality, 1 to 2.4 percent in patients without
prior CABG).23

COMBINED PROCEDURES

Combined procedures such as CABG and valve
replacement increase the operative mortality.
Yadav etaf'6 have examined the risk factors asso­
ciated with early mortality in patients under­
going CABG and mitral valve replacement.
Significant factors related to early death were,
New York Heart Association (NYHA) functional
class, urgency of surgery, valvular lesions
secondary to an ischaemic event, increased
pulmonary artery pressure (mean pulmonary
artery pressure of >30 mm Hg), low ejection
fraction «40 percent) and low cardiac index. In
another study, it was shown that mortality
among patients undergoing mitral or aortic
valve replacement along with CABG was

higher as compared with those who underwent
CABG alone. However, mitral valve surgery in
combination with CABG was found to be an
ind~endem&gnificantpredictmfor~a~bm

aortic valve surgery in combination with CABG
was not.37

RISK INDICES

A number of risk indices have been r~orted

for quantifying the overall risk. These include
the American Society of Anesthesiologists
(ASA) classification," the NYHA classification39

(Table 1.1), and the Canadian Cardiovascular
Society (CCS) classification of angina.4o In
addition, Goldman et al41.42 were the first to
develop a multivariate risk index using prospec­
tive analysis of a large group of patients. Factors
such as preoperative cardiac failure and the
recent MI that were found to be associated with
a high-risk were given a high score. Other factors
such as hypertension and smoking were not
found to be associated with increased risk and
were, therefore, not included as risks. These were
later modified by Detsky and Colleagues."

TABLE 1.1: New York Heart Association functional
classification

Class I
Patients with cardiac disease but no limitation of
physical activity. There is no undue fatigue, palpita­
tion, dyspnoea or anginal pain on ordinary physical
activity.

Class D
Patients with cardiac disease leading to slight
limitation of physical activity. There is fatigue,
palpitation, dyspnoea or anginal pain on ordinary
physical activity, but they are comfortable at rest

Class m
Patients with cardiac disease leading to marked
limitation of physical activity. There is fatigue,
palpitation, dyspnoea or angina! pain on less than
ordinary physical activity, but they are comfortable
at rest.

Class IV
Patients with cardiac disease leading to inability to
carry out any physical activity without discomfort.
Symptoms may be present even at rest. The discom­
fort is increased if any physical activity is undertaken.






































