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Vascular Surgery

Review
Cardiac damage after vascular surgery procedures: a
silent killer

Introduction
Perioperative myocardial ischaemia remains a major cardiovascular
complication after non-cardiac, and
especially vascular surgery. In this
review, we try to identify the real
significance of asymptomatic cardiac damage after vascular surgery
and make conclusions regarding the
proper perioperative management.
Discussion
The mechanism of perioperative myocardial ischaemia can be explained
through the reactions of the heart
functioning under conditions of
stress. Regarding preoperative assessment of the patients, there is a
large number of clinical risk indices
available, although some of them
have been proved useful for vascular
patients in specific. A large number
of studies and randomised trials
have underlined the high incidence
of asymptomatic myocardial damage after vascular procedures and
its association with postoperative
mortality. However, the results of
studies so far show a high diversity
regarding the impact of certain risk
factors, such as the gender and the
age of the patient.
Conclusion
Perioperative myocardial ischaemia
deserves the classification as a ‘silent
killer’. Cautious preoperative cardiac
assessment and proper perioperative
management could lead to optimal
results.
* Corresponding author
Email: georgegalyfos@hotmail.com

Vascular Unit, 1st Department of Propaedeutic
Surgery, Hippocration Hospital, University of
Athens Medical School, 6 Melinas Merkouri
Street, Neon Iraklion, 14122 Athens, Greece

Introduction

It is estimated that of the 230 million patients undergoing major surgery annually, approximately 1%
(2,300,000 patients) suffer perioperative myocardial infarction (MI)
with a cardiovascular mortality rate
around 0.3% (690,000 patients)1.
However, cardiac risk imbedded
in surgical interventions can differ depending on the magnitude,
duration, location, blood loss and
fluid shifts related to the specific
procedure. A major prognostic factor for occurrence of perioperative
myocardial ischaemia is coronary
artery disease (CAD)2. CAD defines
the perioperative profile of the patient, especially in vascular surgery,
and the risk for postoperative
complications.
Perioperative myocardial ischaemia remains a major prognostic
factor for early and long-term cardiac
morbidity and mortality. Additionally, it increases the relative danger
for early cardiac events, such as MI,
almost nine times3. Furthermore,
perioperative myocardial ischaemia
increases the possibility for late (over
30 days to 2 years postoperatively)
cardiac events almost 2.2 times4. The
majority of high-risk patients have
the tendency to present perioperative myocardial ischaemia on the day
of the procedure, on the next day or
during awakening after anaesthesia.
It is estimated that almost 3% of patients with known CAD, undergoing
non-cardiac procedures, present a
perioperative MI. However, this value drops to 1% for patients without
CAD3,4.
Therefore, this review aims on
highlighting the role of perioperative
cardiac damage as a major complication in vascular surgery patients and

will try to make conclusions regarding the proper perioperativemanagement of the vascular patient.

Discussion

The authors have referenced some
of their own studies in this review.
These referenced studies have been
conducted in accordance with the
Declaration of Helsinki (1964) and
the protocols of these studies have
been approved by the relevant ethics
committees related to the institution
in which they were performed. All
human subjects, in these referenced
studies, gave informed consent to
participate in these studies.

Mechanism of perioperative
myocardial ischaemia
The mechanism of perioperative
myocardial ischaemia can be easily
explained through the physiology of
cardiac function under conditions
of stress. The amount of oxygen
suppliedto the myocardium is determined by (1) the blood flow in the
coronary arteries and (2) the oxygen-carrying capacity of the blood.
Therefore,an increased myocardial
oxygen demand must be met by an
increase in coronary blood flow. In
addition, an imbalance between
oxygen supply and oxygen demand
results in myocardial damage, characterised by myocardial ischaemia
and MI. This ischaemia results from
reduction in oxygen supply due to
constriction of coronary arteries or
accumulation of platelets and formulation of thrombi inside the arteries5.
In general, myocardial damage can
be subdivided according to two pathological processes, described as type
1 and type 2 by the recent universal
definition of MI6. Type 1 MI is defined as an acute coronary syndrome
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that occurs when a coronary plaque
ruptures, leading to thrombus
formation, acute coronary thrombosis, supply ischaemia and MI. A
reductionin arterial blood flow is the
cause of myocardial damage in type
1 MI. In addition, myocardial damage
may also be caused by a sustained
myocardial oxygen supply–demand
imbalance, or type 2 MI. In case of
type 2 MI, myocardial damage is
caused by an increased myocardial oxygen demand in response to
stress, characterised by tachycardia
and increased myocardial contractility, which is not met by a sufficient
increase in coronary blood flow6. It is
obvious that in a patient with known
CAD undergoing vascular surgery
there is the risk for both type 1 and
type 2 MI.
During surgery, high-catecholamine production is responsible for
vasoconstriction and haemodynamic
stress, associated with an increased
oxygen demand of the myocardium7.
Perioperative myocardial damage
may occur when the increased oxygen demand is not met by an adequate increase of oxygen supply8.
This is similar to MIs occurring in the
non-surgical setting; however, sur-

gery itself is a significant stress factor
leading to an increased risk of plaque
rupture. Next to surgical stress,
haemodynamic fluctuations during
surgery are an important cause of
perioperative myocardial damage
as well. Additionally, perioperative
fluid administration increases the
pre- and afterload in the left ventricle, making patients susceptible to
perioperative myocardial damage.
Conversely, perioperative preload
reductions in the left ventricle can
result in tachycardia with a concomitant reduction of coronary perfusion,
leading to perioperative myocardial
damage as well9.

Diagnosis of perioperative
myocardial ischaemia
Regarding the definition and detection of perioperative myocardial ischaemia, the utilisation of
biomarkers in the past decade has
been evolved to a useful diagnostic
tool. The researchers have shown
that almost 85% of the patient with
perioperative MI will not present any
chest pain, probably due to the high
level of analgesia10. Furthermore, according to Pasternack et al.10 even if
patients show any atypical symp-

toms – that could result from MI –
thesurgeons could attribute these
symptomsto other causes (hypovolaemia, pneumonia, bleeding, etc.).
Many researchers have shown that
cardiac troponin I (cTnI) remains the
most suitable and efficient biomarker for detection of reversible and
irreversible myocardial damage,
with the highest sensitivity and
specificity11,12.
In the recent universal definition
of MI6, all contributors conclude that:
‘...Most patients who have a perioperative MI will not experience ischemic
symptoms. Nevertheless, asymptomatic perioperative MI is as strongly
associated with 30-day mortality, as
is symptomatic MI. Routine monitoring of cardiac biomarkers in highrisk patients, both prior to and 48–72
h after major surgery, is therefore
recommended...’.
Preoperative cardiac assessment
According to the latest Guidelines of
American Heart Association (AHA)/
American College of Cardiology
(ACC) regarding preoperative cardiac assessment before non-cardiac
surgical procedures, each procedure
is classified into low, intermediate

Table 1 Cardiac riska stratiﬁcation for non-cardiac surgical procedures13
Risk stratiﬁcation

Procedure examples

Vascular (reported cardiac risk often more than 5%)

Aortic and other major vascular surgery
Peripheral vascular surgery
Intraperitoneal and intrathoracic surgery
Carotid endarterectomy

Intermediate (reported cardiac risk generally 1%–5%)

Head and neck surgery
Orthopaedic surgery
Prostate surgery
Endoscopic procedures

b

Low (reported cardiac risk generally less than 1%)

Superficial procedure
Cataract surgery
Breast surgery
Ambulatory surgery

Combined incidence of cardiac death and non-fatal myocardial infarction.
These procedures do not generally require further preoperative cardiac testing.

a

b
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or high cardiac risk13. (Table 1)
As the authors underline, this
classificationis quite useful in perioperative management, although the
individual clinical history, physical
status and risk of each surgical patient
remain the major determining factors.
Therefore, a great number of clinical indices have been developed for
preoperative cardiac risk assessment
of surgical patients. The European
Society of Cardiology and AHA/ACC
Guidelines13,14 suggest the use of the
Revised Cardiac Risk Index (RCRI) as
the most appropriate stratification
tool for the preoperative evaluation
of a patient. Therefore, this risk index
has prevailed lately and remains the
most commonly used by surgeons
and anaesthesiologists.
However, recently, there have
been many studies questioning the
performanceof this index regarding
vascular surgery procedures. In a recent study, Bursi et al.15 concluded that
even after preoperative stratification
according to ACC/AHA Guidelines,
patients undergoing elective major
vascular surgery remain at high risk
of MI and death. Additionally, Bertges et al.16 designed and presented in
2010 the Vascular Study Group of New
England – Cardiac Risk Index (VSGCRI). The authors showed that this
index predicts cardiac events after
vascular surgery procedures better
than the RCRI. Moreover, Ford et al.17
underlined in their review that the
RCRI discriminated moderately well
between patients at low versus high
risk for cardiac events after mixed
non-cardiac surgery, and it did not
perform well at predicting cardiac
events after vascular non-cardiac surgery or at predicting death.
Finally, Carmo et al.18 evaluated all
known clinical cardiac risk indices
and concluded that RCRI performs
inadequately in vascular surgery
patients compared with VSG-CRI
which is especially designed for this
specific population18.
Most importantly, the right
selectionof the proper cardiac

risk index will define the following
perioperativemanagement of the
patient. The appropriate strategy
for the procedure can lead to
minimisationof the risk for
complications.Moreover, the proper
risk evaluation of patients before surgery can help identify possiblecandidates for invasive or non-invasive
cardiac stress testing preoperatively
that could detect patients in need for
coronary revascularisationas well.
Prevalence of cardiac damage
after vascular surgery
The prevalence of myocardial
ischaemia/MI after vascular surgery
has been a subject of research in the
past decade. Kim et al.19 showed in
a prospective trial that 28 patients
undergoing vascular surgery (12%
out of 229 patients) had postoperative cTnI > 1.5 ng/mL, which was associated with a 6-fold increased risk
of 6-month mortality (adjusted OR,
5.9; 95% CI, 1.6 – 22.4) and a 27-fold
increased risk of MI (OR, 27.1; 95%
CI, 5.2 – 142.7). Furthermore, the
authors observed a dose–response
relation between cTnI concentration
and mortality. In 2003, Landesberg et
al.20 studied 447 patients undergoing
major vascular surgery procedures.
Detection of myocardial ischaemia in
this study was based on the measurement of different markers (cTn I or T
and creatine kinase-MB (CK-MB))
and electrocardiographic monitoring. Perioperative MI was observed
in 14 (2.9%) –107 (23.9%) patients,
depending on the biomarkers’ criteria that were used. Postoperative
CK-MB and troponin, even at low
cutoff levels, proved to be independent and complementary predictors
of long-term mortality after major
vascular surgery. Hence, according to
another large-scale trial by Mohler et
al.21, there is a greater risk for cardiac
events in the first 72 h after vascular
surgery.
• Open abdominal aortic aneurysm
(AAA) repair is a major vascular
surgery procedure and therefore,

it carries a greater risk for adverse
cardiovascular events, as shown
in Table 1. In 2005, Le Manach et
al.22 studied a large series of open
AAA repairs (n = 1136), where the
authors consecutively measured
cTnI levels before and after surgery. They observed a very high
incidence of myocardial ischaemia
(9%) and MI (5%). The interesting
point about this trial was that the
authors observed two types of MI
(early and late), as far as the time
of occurrence is concerned. Both
types of MI and myocardial ischaemia showed increased in-hospital
mortality. In another study, Ali et
al.23 concluded that perioperative
myocardial injury after elective
open AAA repair predicts outcome
after surgery, and therefore, routine TnI measurement should be
considered in all patients, especially in those with high cardiovascular risk. Although endovascular
aneurysm repair (EVAR) causes
less surgical stress to the patient
and probably the incidence of MI
after EVAR is lower, several studies
show that asymptomatic cardiac
damage after EVAR is associated
with poor long-term outcome as
well24.
• Carotid endarterectomy (CEA)
has been associated with postoperative cardiac damage as well,
although it is classified as an intermediate cardiac risk procedure
according to AHA/ACC criteria13.
A recent analysis of the Carotid
Revascularization Endarterectomy Versus Stenting Trial data by
Blackshear et al.25 concluded that
mortality 4 years after surgery was
high in patients with postoperative
MI (HR 3.40; 95% CI 1.67 – 6.92) or
isolated increase of troponin levels
(‘troponin leak’) (HR 3.57; 95% CI
1.46 – 8.68). The study concluded
that patients showed more cardiac events (either MI or troponin
leak) after CEA in comparison with
carotid angioplasty and stenting
(CAS). Additionally, several large
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meta-analyses that included randomised trials from the past decade proved the superiority of the
endovascular techniques in comparison with open endarterectomy as far as postoperative MI is
concerned26.

In a recent publication from our
institution27, we highlighted the increasing incidence of asymptomatic
myocardial ischaemia after open
carotid surgery and underlined the
necessity for strict troponin thresholds in order to identify and treat
postoperative silent cardiac ischaemia. In this prospective observational study, we classified 162 patients
into low and high risk for CEA according to the Stenting and Angioplasty with Protection in Patients at
High Risk for Endarterectomy (SAPPHIRE) criteria27 (Table 2), and we
observed an increase in cTnI (cTnI;
value > 0.5 ng/mL) in 14% of all
cases – independently from surgical
risk, although symptomatic cardiac
ischaemia was very low.

Revascularisation
procedures
for peripheral artery disease in
lower extremities are classified
as high cardiac risk procedures
as well13. The majority of patients
with critical limb ischaemia are elderly patients and of high operative risk due to severe co-morbidities, for example, CAD. However,
the 30-day mortality rate in a large
retrospective study from our institution was only 0.7%, suggesting that
infrapopliteal percutaneous transluminal angioplasty even in highrisk patients is a safe procedure28.
In contrast, in patients with bypass
the reported perioperative mortality (2.4% – 6% – 9%) and morbidity (9.3% – 31%) are high, resulting
mainly from cardiac complications28.
Finally, a large number of metaanalyses have been conducted in order to shed light on the true prevalence of postoperative myocardial
damage after vascular surgery. In
2010, the European Society of Vascular Surgery published the large
meta-analysis by Flu et al.29 The observed incidence of perioperative

myocardial ischaemia ranged from
14% to 47% and that of perioperative MI from 1% to 26%. Moreover,
the prognostic value of troponin
T or I regarding the postoperative
mortality or the occurrence of major
cardiac complications ranged from
1.9 to 9.0. Hence, the majority of the
events were asymptomatic. In 2011,
Redfern et al.30 generated another
large-scale meta-analysis including
more than 66 studies from 1996 to
2010. The main subject of this review
was the isolated increase in troponin
levels (‘troponin leak’) after vascular
procedures, without any symptoms
or ECG findings. The related mortality within 30 days after surgery in patients with no troponin increase, with
isolated troponin increase and postoperative MI was 2.3%, 11.6% and
21.6%, respectively (P = 0.000001).

Gender and age
There is a great debate regarding the
impact of gender on the early and late
postoperative outcomes. As we have
highlighted with two of our recently
published comments, results so far

Table 2 Criteria for high-risk carotid endarterectomy (SAPPHIRE trial)27
High-risk category

Criteria

Age (years)
Severe cardiac dysfunction

>80
NYHA class III/IV chronic heart failure
Left ventricular ejection fraction <30%
Open heart surgery within 4 weeks
Myocardial infarction within 4 weeks
NYHA class III/IV angina
Cardiac stress test positive for ischemia

Severe pulmonary dysfunction

Chronic oxygen therapy
pO2 ≤ 60mmHg
Baseline haematocrit ≥ 50%
FEV1 or DLCO ≤ 50% of predicted

Local and anatomic problems

Cervical radiation therapy
Previous ipsilateral carotid endarterectomy
C2 or higher carotid bifurcationor division of digastric muscle
Contralateral carotid occlusion
Contralateral laryngeal nerve palsy

NYHA,New York Heart Association; pO2, partial oxygen pressure; FEV1, forced expiratory volume in 1s, DLCO, diffusing capacity of lung for carbon monoxide;
C2,second cervical vertebra.
NYHA,New York Heart Association; pO2, partial oxygen pressure; FEV1, forced expiratory volume in 1s, DLCO, diffusing capacity of lung for carbon monoxide;
C2,second cervical vertebra.
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Review
for CEA. Octogenarians are classified
as high-risk patients for CEA according to the criteria of the SAPPHIRE
trial.27 Moreover, elderly patients
>85 years of age are at increased risk
for death or perioperative complications of stroke, death and MI, as
shown in a retrospective cohort
study of 4149 patients38.

Conclusion

The high prevalence and asymptomatic nature of perioperative myocardial ischaemia, combined with a
substantial influence on postoperative mortality of vascular surgery patients, justify the classification of this
entity as a ‘silent killer’. All the aforementioned data underline the importance of early detection and adequate
management of perioperative myocardial damage in vascular patients.
The selection of the most appropriate cardiac risk index and the identification of the cardiovascular risk
for each individual patient are crucial
for the preoperative assessment in
order to not underestimate the risk
for presenting adverse cardiac events
postoperatively. In this way complications and deaths could be minimised
significantly. Moreover, early initiation of medical therapy to reduce
possible cardiovascular risks, and the
selection of ideal surgical and anaesthesiological techniques are strongly
indicated to achieve optimal results.

Abbreviations list
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ACC, American College of Cardiology;
AHA, American Heart Association;
CAD, coronary artery disease; CAS,
carotid angioplasty and stenting;
CEA, carotid endarterectomy; CK-MB,
creatine kinase-MB; cTnI cardiac troponin I; EVAR, endovascular aneurysm repair; MI, myocardial infarction; RCRI, revised cardiac risk index;
SAPPHIRE, Stenting and Angioplasty
with Protection in Patients at High
Risk for Endarterectomy; VSG-CRI,
Vascular Study Group of New England–Cardiac Risk Index.
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