wJ

World Journal of
Cardiology

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4330/ wjc.v6.i10.1100

World | Cardiol 2014 October 26; 6(10): 1100-1107
ISSN 1949-8462 (online)
© 2014 Baishideng Publishing Group Inc. All rights reserved.

MINIREVIEWS

Perioperative clinical variables and long-term survival

following vascular surgery

Santiago Garcia, Edward O McFalls

Santiago Garcia, Minneapolis VA Healthcare System, Univer-
sity of Minnesota, MN 55417, United States

Edward O McFalls, Division of Cardiology (111C), VA Medical
Center, Minneapolis VA Healthcare System, Professor of Medi-
cine, University of Minnesota, MN 55417, United States

Author contributions: Garcia S and McFalls EO jointly wrote
this manuscript; McFalls EO was the Principal Investigator of the
Coronary Artery Revascularization Prophylaxis trial.

Supported by A career development award from the VA Office
of Research and Development, No. 1IK2CX000699-01
Correspondence to: Edward O McFalls, MD, PhD, Division of
Cardiology (111C), VA Medical Center, Minneapolis VA Health-
care System, Professor of Medicine, University of Minnesota, 1
Veterans Drive, Minneapolis, MN 55417,

United States. mcfal00l@umn.edu

Telephone: +1-612-4673664 Fax: +1-612-7275668
Received: December 21, 2013 Revised: March 6, 2014
Accepted: September 16, 2014

Published online: October 26, 2014

Abstract

Cardiovascular disease is the leading cause of death in
patients with peripheral arterial disease (PAD). Coro-
nary artery disease (CAD) is highly prevalent, and often
times coexist, in patients with PAD. The management
of patients with PAD that requires a high-risk vascular
surgical procedure for intermittent claudication, critical
limb ischemia or expanding abdominal aortic aneurysm
requires risk stratification with the revised cardiac risk
index, optimization of medical therapies, and limited
use of cardiac imaging prior to surgery. Preventive re-
vascularization in patients with stable CAD, with the
sole intention to mitigate the risk of cardiac complica-
tions in the peri-operative period, is not effective and
may be associated with significant bleeding and throm-
botic risks, in particular if stents are used. A strategy of
universal use of cardiac troponins in the perioperative
period for active surveillance of myocardial ischemia
may be more reasonable and cost-effective than the
current standard of care of widespread use of cardiac
imaging prior to high-risk surgery. An elevated cardiac
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troponin after vascular surgery is predictive of long-
term mortality risk. Medical therapies such as aspirin
and statins are recommended for patients with post-
operative myocardial ischemia. Ongoing trials are as-
sessing the role of novel anticoagulants. Additional
research is needed to define the role of cardiac imaging
and invasive angiography in this population.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
Key words: Peripheral arterial disease; Myocardial in-

farction; Coronary artery disease; Prognosis; Coronary
revascularization

Core tip: Patients with advanced peripheral arterial
disease who need vascular surgery have a high preva-
lence of coronary atherosclerosis and are at increased
risk of perioperative myocardial infarction. Coronary
revascularization prior to the vascular operation is not
an effective intervention to mitigate this risk. A strategy
of widespread use of cardiac troponins in the periop-
erative period is recommended to detect perioperative
ischemic events associated with a long-term mortality
risk. The selective use of medical interventions, cardiac
imaging and coronary angiography in this population
deserves further study.
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2014; 6(10): 1100-1107 Available from: URL: http:/www.
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INTRODUCTION

The approach to patients with peripheral arterial disease
(PAD) is best appreciated in the broader context of the
epidemiology of the disease, risk factors, and surgical and
endovascular interventions to improve symptoms, pre-
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Cerebral artery
disease 16.6%

Figure 1 Data from the Reduction of Atherothrombosis for Continued
Health registry. Approximately 50% of patients with peripheral arterial disease
(PAD) and polyvascular disease have concomitant coronary artery disease.
Reproduced with permission from society for vascular surgery.

serve limb viability or prevent aneurismal rupture.

Peripheral arterial disease (PAD) and coronary artery
disease (CAD) often coexist in the same patient and share
a common risk factor profile, pathophysiology, and array
of therapeutic interventions' 7. Cardiovascular disease is
the leading cause of death in patients with PAD, respon-
sible for about two of every three deaths'.

Vascular surgery is considered a high-risk operation
with one in four patients experiencing a peri-operative
myocardial infarction (PMI), which is associated with
increased long-term mortality™. Tdentifying the clinical
variables associated with increased risk of PMI prior to
surgery as well as defining the best strategy for surveil-
lance of PMI after high-risk surgery are of critical im-
portance in clinical practice to mitigate risk and improve
outcomes.

Definition of PAD

The definition of PAD is based on a resting ankle-brachi-
al index (ABI) of < 0.90", Noticeably, the presence of
symptoms is not required to diagnose PAD. For every pa-
tient with symptoms of PAD there are 4 with no symp-
toms as defined by ABI or duplex ultrasonography'’.
Screening for PAD is therefore recommended to detect
the disease in individuals with a high pre-test probability.
In the PARTNERS (PAD Awareness, Risk, and Treat-
ment: New Resources for Survival) study the prevalence
of PAD defined by ABI was 29%". Therefore, current
ACC/AHA guidelines recommend scteening for PAD
in patients aged = 70 or 50-69 years with a risk factor
for vascular disease!”. Intermittent claudication (IC) is
the most common presenting symptom of symptom-
atic PAD. IC is characterized by leg pain (muscular pain)
with activity that is relieved by physical rest. Claudication
tends to occur one anatomical level below the arterial
level of obstruction or occlusion. For example a patient
with superficial femoral artery (SFA) occlusion will likely
have calf symptoms. The prevalence of IC in the general
population is low but increases significantly with age so
that in patients aged 60 or older is about 6%,
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Risk factors for PAD

The risk factors for developing PAD and CAD show sig-
nificant overlap and include male gender, age, hyperten-
sion, hypetlipidemia, renal insufficiency, black race, and
more importantly diabetes mellitus (DM) and smoking,
both of which have odds ratios (ORs) over 3 for symp-
tomatic PAD™""". Likewise, diabetics and smokers have
a 3 to 4-fold increase in the risk of developing critical
limb ischemia and arnputations[Z’lzl.

POLYVASCULAR DISEASE

The prevalence of CAD in patients with PAD depends
on the setting and the sensitivity of the method used to
identify occult CAD. In the REACH (Reduction of Ath-
erotrombosis for Continued Health) outpatient registry
(Figure 1), 50% of patients with PAD and polyvascular
disease had coexistent CAD™. In a landmark angiograph-
ic study of 1000 patients undergoing coronary angiogtaphy
prior to vascular surgery conducted at the cleveland clinic by
Hertzer et al'™ only 8% had normal coronary arteries prior
to surgery, 2/3 had severe CAD, 10% had inoperable
CAD and 18% had moderate CAD.

The annual rate of major adverse cardiovascular
events (MACE) (myocardial infarction, stroke, and vas-
cular death) in patients with PAD is 5%-7%!"?. Critical
limb ischemia (CLI) patients have 20% mortality only in
the first year after initial presentation. CAD is responsible
for 40%-60% of deaths among patients with PAD while
cerebral arterial disease accounts for another 10%0-20%
of deaths™*". The severity of PAD, as quantified by ABI,
correlates with the risk of MACE so that for every 0.10
decrease in ABI there is a corresponding 10% increase in
MACE", There is a strong association between MACE
and ABI < 0.60 in patients with diabetes'” (Figure 2).

CARDIAC RISK STRATIFICATION PRIOR
TO VASCULAR SURGERY

Variables to assess prior to a vascular operation include
the type of operation (open »s endovascular), the risk
of concomitant CAD and the functional status of the
patient”. Open abdominal aneurismal repair with cross-
clamp of the aorta and non-elective operations catry the
highest risk of cardiovascular complicationsml in part due
to the hemodynamic stress of the surgery, CAD burden,
and the acuity of the condition that often hampers the
ability to start preoperative interventions to mitigate car-
diac risk.

Evaluating the functional status of subjects undergo-
ing vascular surgery is an important step in assessing if
a patient can tolerate the hemodynamic stress of a pro-
longed surgery. If a patient is unable to achieve a meta-
bolic demand of 4-METS, which is a level compatible
with routine activities of daily living, the risk of surgical
complications increases and additional testing may be
warranted. Stress imaging testing, usually with pharma-
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Figure 2 Odds of a major cardiovascular event according to baseline ankle-
brachial index in patients with diabetes mellitus. Reproduced with permission
from Mehler et af"™. MI: Myocardial infarction; CV: Cardiovascular, ABI: Ankle-brachial
index.
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Figure 3 Outcomes at 30 d following vascular surgery according to number of
risks as enumerated in the revised cardiac risk index. MI: Myocardial infarction.

cological agents such as adenosine or dobutamine, has
been recommended prior to high-risk vascular surgery
in patients with functional capacity < 4 METS"". The
presence of large or multiple ischemic segments or tran-
sient ischemic dilatation of the left ventricle may indicate
cither multivessel or left main CAD. These findings are
considered high risk and are associated with an increased
risk of perioperative cardiac complications and reduced
long-term survival”. Coronary angiography is recom-
mended to patients that have high-risk findings on non-
invasive imaging, as certain angiographic subsets (z.e., left
main CAD) derive a long-term benefit from revascular-
ization™. An initial approach that combines clinical and
stress-imaging variables is cost-effective’".

The Revised Cardiac Risk Index (RCRI) is a risk score
comprised of six clinical variables (Table 1) that has
been validated in a general surgery population as a tool
to predict the risk of cardiac adverse events at 30 d*. A
RCRI = 3 is associated with > 5% risk of a serious car-
diac complication in the postoperative period. However,
in vascular surgery the RCRI tends to underestimate the
risk of cardiac complications. In the Coronary Artery Re-
vascularization Prophylaxis (CARP) trial a RCRI > 1 was
predictive of a 10% risk of MI or death at 30 d in the
preoperative revascularization (PR) group and 15% in the

23]

medical arm (Figure 3)"".
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A score = 3 predicts a 10% risk of serious cardiac complications after non-
cardiac surgery.

PREOPERATIVE CORONARY

REVASCULARIZATION

The CARP Trial was a randomized, multisite VA study
designed to assess the role of PR in patients with CAD
undergoing elective vascular surgerym]. A total of 510
patients were enrolled and randomized to either PR or
no PR prior to elective vascular surgery. Indications for
surgery included an expanding AAA in 33% of patients
and arterial occlusive disease of the lower limbs in 67%.
The index revascularization procedure consisted of
percutaneous coronary intervention (PCI) in 59% and
coronary artery bypass graft (CABG) surgery in 41% of
patients. At 2.7 years, mortality in the PR group was 22%
and in the no PR group was 23% (P = 0.92; RR = 0.98,
95%CI: 0.70-1.37) (Figure 4). Similatly, no difference in
outcomes was seen within 30-d, mortality was 3.1% in
the PR group and 3.4% in the no PR group (P = 0.87)
and a MI occurred in 11.6% of the PR group and 14.3%
of the no PR group (P = 0.37). The main conclusion
of the CARP study is that preoperative coronatry artery
revasculatization prior to vascular surgery does not result
in better short- or long-term clinical outcomes in patients
with stable CAD.

The pilot Dutch Echocardiographic Cardiac Risk
Evaluation Applying Stress Echo (DECREASE) - V
study randomized 101 patients with stress-induced isch-
emia and multivessel or left main CAD to PR or no PR
prior to high-risk vascular surgery[zsl. At 1-year, the com-
posite of non-fatal myocardial infarction and mortality
between groups (49% vs 44%, P = 0.48) was no differ-
ent. Taken together these data do not support a strategy
of PR prior to elective vascular surgery in patients with
stable CAD.

PERIOPERATIVE MYOCARDIAL
INFARCTION

Definition and predictors

The Third Universal Definition of myocardial infarction
(MI) proposed by the ESC/ACCF/AHA/WHF task
force requires a rise and fall of cardiac biomarkers, pref-
erably troponins, with at least one value above the 99"
petcentile of the upper reference limit (URL) coupled
with a clinical correlate of ischemia such as ischemic
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Figure 4 Primary outcome of the coronary artery re-
vascularization prophylaxis trial: Overall survival at 2.7
yr was no different between groups (22 % vs 23%).
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symptoms, electrocardiographic ischemic changes, or
imaging criteria of new loss of previously viable myo-
cardium™. However, owing to the effects of anesthesia,
and other factors such as widespread use of narcotics,
the vast majority of perioperative ischemic events are
clinically silent. In the Perioperative ischemic evaluation
(POISE) trial 65% of patients with a perioperative isch-
emic event did not experience ischemic symptomsm. The
risk of death at 30 d was 9.7% in patients with a symp-
tomatic MI and 12.5% in patients with an asymptomatic
MI. Thus, the universal definition of MI may not be as
sensitive in the perioperative period to detect ischemic
events that are associated with poor intermediate- and
long-term outcomes. An isolated peak cardiac biomarker
elevation (preferably troponins) above the 99" URL, with
or without a cortelate of ischemia, may be the most sen-
sitive tool to detect perioperative ischemic events that are
clinically important. In the Vascular Events in Noncar-
diac Surgery Patients Cohort Evaluation (VISION) reg-
istry™, a peak postoperative troponin T (I'n'T) measured
within the first 3 d after surgery was the strongest predic-
tor of 30-d mortality and explained 41.8% of the deaths
in population attributable risk analysis (Figure 5). A peak
TnT of 0.02 ng/mlL was associated with a 4% risk of
death at 30 4.

Preoperative clinical variables that predicted 30-d
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mortality risk and were retained in the model that includ-
ed peak TnT values included: age > 65, recent history
of high-risk CAD, peripheral arterial disease, history of
stroke, chronic obstructive pulmonary disease (COPD),
cancer, urgent/emergency surgery, and major general or
neurosurgical procedures. Of note, major vascular sur-
gery and diabetes wete not predictive of 30-d mortality in
the model that included Tn'T*".

In a cohort of 377 patients included in the CARP trial
in whom cardiac troponin [ was measured and analyzed
by a core lab after the vascular surgery the proportion of
patients with a perioperative myocardial infarction was
26%. Independent predictors of an MI included: age >
70 (OR = 1.84; 95%CI: 1.14-2.98; P = 0.01), abdominal
aortic surgery (OR = 1.82; 95%CI: 1.09-3.03; P = 0.02),
diabetes (OR = 1.86; 95%CI: 1.11-3.11; P = 0.02), angina
(OR = 1.67; 95%CI: 1.03-2.64; P = 0.04), and baseline
ST-T wave abnormalities (OR = 1.62; 95%CI: 1.00-2.6; P
= 0.05)",

Pathophysiology

Clinical, angiographic, and pathological studies have
shed light into the mechanisms underlying postoperative
ischemic events™ . Most of these events are caused
by a mismatch between O2 supply and demand, usually
with severe CAD in the background that is unmasked by
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the stress of the surgery. Landesberg ez a/*" showed that
tac ST-segment depression related to rapid heart rates is
common in the perioperative period and predictive of
long-term mortality. The duration of ST-segment depres-
sion and peak catecholamine levels after surgery are as-
sociated with infarct size. Chronic total occlusions (CTOs)
are common in patients with a perioperative ischemic
event or cardiac death (81%) relative to only 29% in pa-
tients without ischemic complications after surgeryp”.
Two pathological studies reported conflicting data on
the incidence of plaque rupture after fatal postoperative
MI®** Dawood ez a/*? described evidence of plaque
rupture in only 7% of patients (42 autopsies). Conversely,
a higher incidence of plaque rupture (46%) was described
by Cohen ¢ al™. Differences in timing of the autopsy
relative to the time of the MI may account for some of
the discrepancies in the data.

Management of perioperative myocardial infarction
Data from randomized clinical trials are lacking to guide
therapy in the postoperative period. Small studies have
shown that interventions aimed at improving oxygen
delivery and minimizing myocardial oxygen consumption
are beneficial in this settingm. The main goal of therapy
is to preserve coronary perfusion pressure during dias-
tole. This is best achieved with judicious utilization of
beta-blockers, analgesia, and fluid administration with the
intention to avoid tachycardia and hypotension. In the
POISE trial for every 10-beats/min increase in heart rate
there was a 31% relative increase in the odds of periop-
erative M. Current guidelines recommend aggressive
blood pressure control in patients with PAD, in particular
in patients with diabetes and/or chronic kidney disease
(goal < 130/80 mmHg)"™. In the HOPE (Heart Out-
comes Prevention Evaluation) trial ramipril 10 mg was
associated with a 22% reduction in cardiovascular events
and is currently recommended for high-risk patients, in-
cluding those with PAD",

Statins contribute to plaque stabilization by decreas-
ing circulating levels of inflammatory cytokines and
reactive oxygen species while increasing expression of
nitric oxide synthasel37]. Additionally, evidence from ran-
domized clinical trials and observational studies support
its use in clinical practice. In the DECREASE-II study
a 53% reduction in CV death and myocardial infarction
was seen with high-dose fluvastatin in patients undergo-
ing vascular surgerym. In another trial of 100 patients
randomly assigned to 20 mg of atorvastatin or placebo
prior to vascular surgery, the use of statins was associated
with a significant reduction in cardiac events, from 26%
to 8% at 6 mo””. An observational study of 164 veterans
undergoing vascular surgery at our medical center dem-
onstrated that utilization of statin drugs was associated
with a reduction in long-term mortalitylSI. Guidelines
recommend the use of statins in patients with peripheral
arterial disease to reduce cardiovascular events®.

Owing to concerns for bleeding after non-cardiac
surgery, the use of medical therapies and interventional
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strategies commonly used to treat spontaneous MIs such
as antiplatelet agents, anticoagulants and invasive coro-
nary angiography are rarely used in this setting and have
not been extensively studied in clinical trials. The man-
agement of myocardial infarction After NoncArdiac sur-
gery (MANAGE) trial (NCT01661101) will be the first
study to randomize patients (# = 3200) with a PMI after
noncardiac surgery to dabigatran or placebo. The primary
end point is the occurrence of a major vascular complica-
tion (vascular mortality, nonfatal M1, nonfatal stroke, and
pulmonary embolism). The trial plans to complete enroll-
ment in November 2015.

FUTURE DIRECTIONS

Another strategy for prevention of myocardial ischemia
during surgery is ischemic preconditioning, which de-
scribes the protection afforded by application of non-
lethal episodes of myocardial ischemia prior to the index
ischemic event™*!. The Cardiac Remote Ischemic Pre-
conditioning Prior to Elective Vascular Surgery (CRIPES,
NCT: 01558596) was designed to determine the feasibil-
ity and safety of using remote ischemic preconditioning
(RIPC) prior to vascular surgery, and to obtain prelimi-
nary estimates of its effects on detectable postsurgical
increases in cardiac troponin [ YA similar strategy of
RIPC has been evaluated prior to coronary angioplastym]
and coronary artery bypass surgeryw with positive initial
results.

CONCLUSION

Patients with PAD in need of elective vascular surgery
have a high prevalence of coronary atherosclerosis and
are at increased risk of perioperative myocardial infarc-
tion. Coronary revascularization prior to the vascular
operation is not an effective intervention to mitigate this
risk. A strategy of widespread use of cardiac troponins
in the perioperative period is recommended to detect
perioperative ischemic events associated with a long-term
mortality risk. The selective use of medical interventions,
cardiac imaging and coronary angiography in this popula-
tion deserves further study.
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