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Preamble

Clearly: it: is important that the medical profession play a
significant role in _critically evaluating the use of diagnostic
procedures and therapies in the management or prevention of
disease states. Rigorous and expert analysis of the available
data documenting relative benefits and risks of those proce-
‘dures. and therapies.can produce helpful guidelines™ that im-
prove the effectiveness of care, optimize patient outcomes, and
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impact the overall cost of care favorably by focusing resources
on the most effective strategies.

The American College of Cardiology (ACC) and m» Amer-
ican Heart Association (AHA) have produced such guiuelines
in the area of cardiovascular disease jointly since 1980. This
report was directed by the ACC/AHA Task Force on Practice
Guidelines, which ‘has as iis charge to develop and revise
practice guidelines for importan cardiovascular diseases and
procedures. Experts in a given field are sclected from both
organizations 1o examine subject:specific data and write guide-
lines. Additional representatives from other medicai practitio-
ner. and ‘specialty groups. are included in the writing process
when appropriate. Each writing group is specifically charged to

: perfon'n a formal - literature review. weigh the strength of

evidence for or against a pamcular treatment or procedure,
and include estimates of expected health outcomes where data
exist. Patiént-specific modifiers, comorbidities, and ‘issues of
patient preference that might influence the choice of particular
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tests ‘or. therapies are considered along with  frequency of
follow-up and cost-effectiveness.

"~ These practice guidelines. are: iméndx.d 10 assist physicians’

in-clinical decision making by describing a range of generally
awep(able approaches for the diagnosis. management, or preven-
tion of specific diseases or conditions. These guidelines attempt to
define practices that meet the needs of miost patients in most
circumstances. The ultimate judgment regarding care of a partic-
ular patient must be-made by the physician and patient in light of
all of the circumstances presented by that patient. -

~The ACC'AHA classifications I T, and HY are used in this
report 1o summarize indications for :a. particular therapy or
trzatment as follows:

_ Class I: Conditions for which tnere is evidence for andior
genieral agrecment that a procedure be performed or a treat-
ment is of benefit.

Class IE: Conditions. for which there is a divergence of
evidence andior opinion about the treatment.

Class IIE: Conditions for which there is evidence and:or
general agreement that the procedure/treatment is not necessaty.

The Committee to Develop Guidelines on Perioperative Car-
diovascular Evaluation for Noncardiac Surgery wa: chaired by
Kim A Eagle, MD, and included the following members: Bruce
H. Brundage, MD: Bernard R. Chaitman, MD, Gc.dun A, Ewy,
MD, Lee A. Fleisher, MD, Norman R. Hertz.: MD, seffrey A.
Leppo, MD, Thomas Ryan, MD, Robent C. chlant, MD, Wil-

liam H: Spencer I, MD, John A. Spittell, Jr. MD, and Richard

D. Twiss, MD. This document was approved by the ACC Board
of Trustees and the AHA SACC/Steering Committee and ‘is
being published simuttaneously in the Journal of the American
College of Candiology and. Circulation in March 1996. The docu-
ment was also endorsed by the Society for Cardiovascular Anes-
thesiologists, the Society for Vascular Surgery, and the North
American Chapter of the International Society for Cardiovascu-
lar Surgery. :

This document was reviewed by three outside reviewers nom-
inated by the ACC and by three outside reviewers nominated
by the AHA, as well as reviewers nominated by the American
Academy of Family Physicians, the Society for Vascular Sur-
gery, the American Society of Anesthesiologists. and the
Society of Cardiovascular Anesthesiologists. The document
will be .eviewed 2 years after the date of puhhcauon and yearly

thereafier and considered current unless the Task Force ’

publishes a revision or withdrawal.

James L. Ritchie, MD. FACC
~ Chair. ACC/AHA Task Force on Practice Guidelines

- Executive Summary
Purpose of ’l‘hése‘Guidelims '

These guidelines are infended for physicians involved in the

preoperative, operative; and ‘postoperative care of patients

undergoing noncardiac surgery. They provide a framework for

‘considering cardiac risk of noncardiac surgery in a variety of

patient and operative situations. The overriding theme of these
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guidelines is that intervention is rarely necessary to lower the’
risk of surgery. The goal of the task force is the rational use of
testing in an cra of cost containment. )

General Approach

Successful periopcrative evaluation and trea:ment of ¢car-
diac patients undergoing noncardiac surgery requires careful

* camwork and communication between patient, primary cate

physician. enesthesiologist, and surgeon. In general, indica-
tions for further cardiac testing and treatments are the same as
those in the nonoperative setting. but their timing is dependent
on such factors as the urgency of noncardiac surgery. the
patient’s risk factors, and specific' surgical considerations.
Coronary revascularization before noncardiac surgery to én-.
able the patient to “get through™ the noncardiac procedure is
appropriate only for a smail subset of patients at very high risk.
Preoperative testing should be limited to circumstances in
which the results will affect patient treatment and outcomes. A
conservative approach 10 use of expensive tests and treatments
15 recommended.

Preoperative Clinical Evaluation

The initial history, physical examination. and <lectrocardio-
graphic (ECG) assessment should focus on idznnfcation of
potentially serious cardiac disorders. including coronary artery
disease (CAD) (eg. prior myocardial infarction [MI}. angina
pectoris). congestive heart failure (CHF). and electrical insta-
bility (eg, symptomatic arrhythmias).

In addition to identifying the presence of preexisting mani-
fested heart disease, it is essential 10 define disease seveninv.
stabilitv, and prior treatment. Other factors that help determine
cardiac risk include functional capacity. age. comorbid condi-
tions (eg, diabetes mellitus. peripheral vascular disease. renal
dvsfunction. chronic puimonary diseasc). and type of surgery
(vascular procedures and prolonged. complicated thoracic,
abdominal. and head and neck procedures considered higher
risk).

Further Preoperative Testing to Assess
; Comnry Risk
Whic!: patients arc most likely to benefit from prcoperatwe

coronary assessment and treatment? The lack of adequately
controlled or randomized clinical trials to define the optimal

_evaluation strategy has led 1o the proposed algorithm based on

collected observational data and expert opinion. A' step-wise
Bayesian strateg® t'wat relies on ar-cssment of chinical markers.

"~ prior coronafy evaiuation and treatment, functional capacity,

and surgery-specific risk is outlined below. A framework for

- determining which patients are candidates for cardiac testing is

presented in algorithmic form. ‘Successful use of the algorithm
requires an-appreciation for different levels of risk atinibutable
to certain clinical circumstances, levels of functional caacity.
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and typa of surgery: ’lhese are deﬁned below, after whnch the

step-by-step algorithm is reviewed. R
Clinical Markers. The major clinical ~<dictors of mcreased

perioperative cardiovascular risk are unstable coronary syn-,
dromes such as recent MI with evidence of important ischemic-

risk and unstable or severe ‘angina; decompensated CHF,

significant arrhythmias ' (high- grade atrioventricular block,

symptomatic arrhythmias in the presence of underlying heart
disease, supraventricular arrhythmias with uncontrolled ven-
tricular rate), and scvere valvular disease.

Intermediate predictors. of increased risk are mild «ngina
pectoris, prior MI, compensated or prior CHF, and diabetes
mellitus. Minor predictors of tisk are advanced age, abnormal
electrocardiogram, rhvthm other than sinus, low functional
capacity, history of stroke, and uncontrolled systemic hyper-
tension.

Functional Capacity This measurement can be expressed
in metabolic equivalent (MET) levels. Multiples of the base-
line MET value can be used to express aerobic demands for
specific activities. Perioperative cardiac and long-term risk is
increased in patients unable to meet a 4-MET demand during
most normal daily activities. The Duke Activity Status Index
and other activity scales provide the clinician with a set of
questions to determine a patient’s functional capacity. Energy
expenditure for activities such as eating, dressing, walking
around the house, and dishwashing can range from 1 to 4
METs. (]xmbmg a flight of stairs, walking on level ground at
6.4 km/h, runsing a short distance, scrubbing floors, or playing
agamcofgolfequalsﬂo 10 METs. Strenuous sports such as
swimming, singles tennis, and football exceed 10 METS.

Suargery-Specific Risk. Surgery-specific cardiac risk of non-
cardiac surgery is related to two important factors: the type of
surgery itself and the degree of hemodynamic stress associated

with surgery-specific procedures. The duration and intensity of *

coronary and miyocardial stressors can be helpful in estimating
the likelibood of pericperative cardiac cvents, particularly for
emergency surgery. Surgery-specific risk for noncardiac sur-

lyeanbestrauﬁedashngh,mtennednaxe,andlow High-risk
surgery includes major emeigency surgery, particularly in the
elderly; aortic and other major vascular surgery; peripheral

vascular surgery; and anticipated prolonged procedures asso-

ciated with large fluid shifts and/or blood loss. Intermediate-risk
procedures include carotid endarterectomy, head and neck
surgery, intraperitoneal ‘and intrathoracic, orthopedic. and
 prostate surgery. Low-risk procedures include endoscopic and
superficial procedures, cataract surgery, and breast surgery.

Indications for Angiegraphy.: Indications for coronary an-
giography are designated as Class 1, conditions for which there
is evidence for and/or general agreement that a procedure be'
performed or 5 trcatment is of benefit: Class 11, conditions for

which there is a divergence of evidence and/or opinion about
the treatment; and Class 11, conditions for which there is
cvﬂeneeaﬁdlorgeneralagmemtﬂmttwpmwdmeismt
 Decessary -

Class 1 indications (helpful), for patients wuhwspectedor
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angina ‘pectoris unresponsive: to medical therapy; unstable
angina pectoris.in most patients: and nondiagnostic or equiv-:
ocal -noninvasive. test in a high-risk patient undcrgomg a:
high-risk procedure, ‘

Class T indications (may be helpful) are mlermedlate—nsk
results. during noninvasive testing; nondiagnostic or equivocal
noninvasivz test in a patient at lower risk undergomg a hlgher‘
risk procedure; urgent nioncardiac surgery in a patient recov-
ering from acute MI; and perioperative MI.

Class Il indications (not necessary) are low-risk noncardiac
surgery in patients with known CAD and low-risk results on
noninvasive testing; screening for CAD. without appropriate:
noninvasive testing: patients whc are asymptomatic ‘after cor-
onary vascularization and have excellent exercise capacity;
mild, stable angina in patients with good left ventricular
function aad low-risk noninvasive test results; patients who are
not candidates for revascularization because of concomitant
illness; prior technically adequate normal coronary angiogram
within 5 vears; severe left ventricular dysfunction in patients
not considered candidates for revascularization; and patients
unwilling to undergo revascularization.

The following steps correspond to the algorithm presemed
in Fig 1, page 921.

Step 1. What is the urgency of noncardiac surgery? Certain
emergencies do not allow time for preoperative cardiac eval-
uation. Postoperative risk stratification may be appropriate for
some patients who have not had such an assessment before.

Step 2. Has the patient undergone coronary revasculariza-
tion in the past 5 years? If so, and if ¢ ical status has
remained stable without recurrent symptoms/signs of ischemia,
further cardiac testing is generailv not necessary.

Step 3. Has the patient had a coronary evaluation in the
past 2 years? If coronary risk was adequately asseéssed and the
findings were favorable, it is usually not necessary to repeat
testing unless the patient. has experienced a change or new
symptoms of coronary ischemia since the previous evaluation.

Step 4. Does the patient have an. unstable coronary syn-
drome or a major clinical predictor of risk? When elective
noncardiac surgery is being considered, the presence of unsta-
ble coronary disease, decompensated CHF, symptomatic ar-
rhythmias, and/or severe valvular hedrt disease vsually ieads to
cancellstion ‘or delay of surgery until the problem has been
identified.and treated. ‘

Step S. Does the patient have intermediate clinical predictors
of risk? The presence or absence of prior MI by history or

- ECG, angina pectoris, compensatéd or -prior CHF, and/or

didbetés mellitus helps further stratify clinical risk for periop-

. erative- coronary -events. Consideration of functional capacity

and level of surgery-specific 1.k allows a rational approach to
identifying patients most hkely to bencﬁ! fmm funher nomn

- vasive testing.

. Step 6. Patients without i major but with intermediate pre-
dictors of clinical risk and moderate or excelient. functional

capacity can generally undergo intermediate-risk surgery with
Imklikeh?soodofpempemnvedaﬂlam Conversely, further
nOniBVasive mmg is often considered for panems with poor
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functional capacity or moderate functional capacity but higher-
risk ‘surgery and especially for patiénts with two or more
intermedidte predictors.

" Step.7::Noncardiac surgery is generally safe for patienis
with neither major nor intermediate predictors of clinical risk
and modeme or excelient functional capacity (4 METs or

gruter) Further testing 10ay be considered on an individual .

basis for patients without clinical markers but poor functional
capacity who are facing higher-risk operations, particularly
those with several minor clinical predictors of risk who are to
undergo vascular surgery.
- .Step 8. The results of noninvasive testing can be used to
determine further preoperative management. Alternatively,
the results may lead to a recommendation to proceed with
surgery. In some patients, the risk of coronary intervention or
corrective cardiac surgery may approach or even exceed the
risk of the proposed noncardiac surgery. This approach may be
appropriate, however, if it also significantly improves the
patient’s long-term prognosis.

For some patients, a careful consideration of clinical,
surgery-specific, and functional status attributes leads to a
decision to proceed to.ceronary angiography.

Management of Specific Preoperative
Cardiovascular Conditions

Hypertr~sion: Severe hypertension should be controlled
before surgery when possible. The decision to delay surgery
because of elevated blood pressure sh.ould take into account
the urgency of surgery and potential benefit of more intensive
medical therapy. Continuation of preoperative antibyperten-
sive treatment through the perioperative period is critical,

Valvular heant disease: Indications for evaluation and treat-
ment of valvuiar heart disease are identical 10 those in the
nonoperative setting: Symptomatic stenotic kesions are associ-
ated with risk of perioperative severe CHF or shock and often
require percutaneous valvolomy or valve replacement before
noncardiac surgery to lower cardiac risk. Symptomatic regur-
gitant valve disease s usually better tolerated perioperatively
and ray be stabilized preoperatively with intensive medical
therapy and monitoring. Regurgitant valve disease is then
treatcd -definitively with valve repair or replacement after
noncardize surgery. This is appropriate when a wait of several
weeks or months before noncardiac surgery may have severe
consequznces. Exceptions miay include severe vaivular regur-
gitation with reduced left ventricular function, in which overall
bemodynamncmcrvclssohmned!hal d&abﬁm!mdumg

perioperative stresses is very likely.

Myocardial disease: Dilated and hypertrophic cardiomyop-
athy are associated with increased madenoe ofpempcram
CHF, Management is aimed al maximizing preoperative he-
-modynamic status and providing intensive postoperative med-

ical therapy and surveillance. Ancstmcothemdymmn
memsnnfﬂhmmmgmwm&om ;

mwpaatwemdlapoﬁnpaawem
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Arrivthmids and conduction. abnormalitiey: The. presence of
an arrhythmia of cardiac conduction disturbance should pro-
voke a careful evaluation for underiving - cardiopulmonary
disease, drug toxicity, or metabolic abpormality. Therapy.
should be initiated for symptomatic or hémodynamically sig-
nificant arrhythmias, fis! to reverse an underlying cause and
second to treat the arrhythmia. Indications for antiarrhythmic
therapy ard cardiac pacing are identical 1o the nonoperative
setting. ‘

Supplemental Precperative Evaluation

No specific recommendations can be made for individual
patients. The following should be considered appropriate as
indicated in specific situations: resting left ventricular function,
exercise stress testing. pharmacological stress testing. ambula-
tory ECG moritoring and coronary angiography. in most
ambulatory patients the test of choic. 15 exercise ECG testing.
which can both provide an estimate of functional capacity and
detect myocardial ischemia through changes in the ECG and
hemodynamic response. In patients with important abnormal-
ities on their resting ECG (left bundle branch block. left
ventricular hypertrophy with strain pattern. digitalts effect,
etc), other techniques such as exercise echocardiography or
exerctse myocardial perfusion imaging should be considered.

Implications of Risk Assessment Strategies
oa Costs

The degree uf variativns surrounding preopersinve testing
before noncardiac surgery i substantial, Cost-effectiveness
analyses of vanous methods of preoperative testing and treat-
ments have also vielded highly vaned resuits. It is important for
the clinician to consider the cost irnplications of screening
strategies and, when possible. to rely on generally accepted
strategies for treating patients in the nonoperative setting.

Preoperative Coronary Revascularization

Coronary ariery vpass grafi (CABG) surgery: Indications for
CABG before noncardiac surgery are identical o those re-
viewed in the ACC'AHA guidelines for CABG. CABG &

* rarely indicated to simply “get a patient through.” However,

when' the stress of clective, noncardiac surgery i likely. 10

~ exceed the stress of daily hife. nmnhmxﬂcmumsdcr

CABG before noncardiac surgery.
Coronary angioplasty: Thcmmmmuoﬂcdlmlsm-

‘ paring perioperative cardiac outcome after-noncardiac surgery.

for patients treated with preoperative: PTCA versus medical

. -therapy. Several small observational series have suggested that

cardiac’ death is. infrequent in patients who have coronary
angioplasty before noncardiac surgery. Several studies have
also demonsirated a aumber of complications from angio-
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plasty mcludmg emergency CABG in some pements Until
forther data are available, indications for PTCA in the peri-
operative setiing are siilar to those:in the ACC/AHA guide-
lines for use of PTCA in general.

Medtcal Therapy for Coronary Aﬂery Disease

There are very few randomized trials from which ﬁnn
conclusions or recommendations can be drawn. However, if
patients réquire B-blockers, calcium channel blockers, and/or
nitrates before surgery, continuation of the preoperative med-
_ical regimen into the operative and:postoperative period may
also protect against ischemic tendencies caused by periopera-
tive stresses. The same is true for therapies to control symp-
toms of CHF. Observational studies also suggest that §-
blockers reduce frequency of postoperative ischemia, and in
‘one study reduced incidence of perioperative Mls. Protection
against ischemia may also reduce risk of ML

Anesthetic Considerations and
Intraoperative Management

Anesthetic agent: All anesthetic techniques and drugs have
known cardiac effects that should be considered in the periop-
erative- plan. There appears to be no one best myocardial
protective anesthetic technique. Therefore, the choice of an-
esthesia and intraoperative monitors is best left to the discre-
tion of the anesthesia care team, which will consider the need
for postoperative ventilation; cardiovascular effects, including
myocardial depression; sympathetic blockade; and dermatomal
level of the procedure. Advocates of monitored anesthesia, in
which local anesthesia ‘is supplemented by intravenous seda-
tion/analgesia, have argued that use of this technique avoids
the undesirable effects of general or neuraxial techniques, but
1o studies have estabhsbed this. Failure to produce complete
local anesthesia/analgesia. can lead to increased stress re-
sponse, myocardial ischemia, or depression.
. Perioperative pain management: Patient-controlled intra-
venous and/or epidural analgesia is a popular method for
reducing ‘postoperative pain. Several studies suggest that
effective pain management leads toa reduction in postop-
erative catecholamine surges and hypercoagulability.

Intraoperative nitroglycerin: There are insufficient data about
the efiects of prophylactic intraoperative intravenous nitrogiyc-
erin in patieats at high risk..Nitroglycerin should be used only

when the hemodynamnc eﬁecls of other agents in use are

considered.

Transesophageal echocardlogmphy (TEE): There are few
data on the value of TEE-detected: transient wall motion
abmrma!mmpredmtcardncmorbndnymnonm:dmsur-
gical patients. Experience to date suggests that the incremental

, value of this technique for risk prediction is smatl. Guidelines -

for appropriate use of TEE are being developed by the

;Amxan&mctyofAnesthcmlogmsam!thuSocmyoff
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Penoperatlve Survelllance

Pulmonary antery catheters: Although very few studies that
fiave been reported compare patieni outcomes afier treatment
with or without pulmonary artery catheters, the following three
variables are particularly important in assessing benefit versus
risk of pulmonary artery, catheter use: disease sgverity, magni-
tude of anticipated surgery, and practice setting. The extent of
expected fluid shifts is a primary concern. Patients most likely
to benefit from perioperative use of a pulmonary artery
catheter appear to be those with a recent MI complicated by
CHF, those with significant CAD who are undergoing proce-
dures associated ‘with' significant hemodynamic stress, and
those with systolic 'or diastolic left ventricular dysfunction,
cardiomyopathy, and valvular disease undergoing high-risk
operations.

Intraoperative and postoperative ST-segment monitoring: In-
traoperative and postoperative ST changes indicating myocar-
dial ischemia are strong predictors of periopérative MI in
patients at high risk who undergo noncardiac surgery. Simi-
larly, postoperative ischemia is a significant predictor of long-
term M1 and cardiac death. Conversely, in patients at low risk
who undergo noncardiac surgery, ST depression may occur and
often is not associated with regional wall motion abnormalities.
Accumulating evidence suggests that proper use of computer-
ized ST-segment analysis in appropriately sclected patients at
high risk may improve sensmvuy for myocardial ischemia
detection.

Surveillance for perioperative MI: Few studies have examined
the optimal method for diagnosing a perioperative M1. Clinical
symptoms, postoperative ECG changes, and elevation of the
MB fraction of creatine kinase (CK) have been most exten-
sively studied. Newer myomdxal-specnﬁc enzyme elevations.

" such as troponin-1, troponin-T, or CK-MB isoforms may ako

have value. In patients with known or suspected CAD under-
going high-risk procedures, ECGs obtained at baseline, imme-
diately after surgery, and the first 2 days after surgery appear to
be cost-effective. Use of cardiac enzym::s is best reserved for
natients at high risk and those with clinical, ECG. or hemody
namic evidence of cardiovascular dysfunction.

Postoperative Therapy and
Long-Term Managemeni ;
When possible, postoperative management should include
assessment and management of modifiable risk factors for
CAD, heart failure, hypertension, stroke, and other cardiovas-
cular diseases. For many patients, the proposed noncardiac
surgery may be- the first opportunity for a systematic cardio-

-vascular evaluation. ' Assessment for hypercholesterolemia,

smoking, bypertension, diabetes, physical inactivity, peripheral
vascular disease; cardiac murmur(s), arthythmias, conduction

-abnormalities, perioperative ischemia, and postoperative: MI

may' lead 1o’ further evaluation and treatments that reduce
future cardiovascular risk. In particular, patients who sustain a
pemperanve MI andjor experience repetitive postoperative
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myocardlal 1schem|a are at substantially high risk for MI or
cardiac death during long-term’ follow-up: These. patients
should be a narticular focus for risk factor. interventions and
future risk stratification and therapy.

Development of Guidelines

These guidelines are based on a Medline search of the English
literature from 1975 through 1994, review of selected journals
from 1995, and the expert opinions of 12 committee members
representing various disciplines of cardiovascular care, including
general cardiology, noninvasive testing, vascular medicine; vascu-
lar: surgery, anesthesiology. and. arrhythmia management. In
addition, draft guidelines were submitted for critical review and
‘amendmient to physicians representing internal medicine, family
practice, nuclear cardiology, general surgery, and anesthesiology
as well as executive officers representing the American College of
Cardiology and the American Heart Association. The final doc-
ument represents the eighth iteration over 18 months. which
mdudedsmdraftsmconumneeandtwoaddxmnaldmﬁsto
incorporate key findings from external review.

A large proportion of the data used to develop these guide-
lines is based on observational or retrospective studies or knowl-
edge of management of cardiovascular disorders in the nonop-
crative setting. While the collective knowledge surrounding the
identification of kizh- and: low-risk patients using perioperative
clinical and noninvasive evaluation is substantial, very few pro-
spective or randomized studies have been performed that estab-
lish the value of tests or treatments on perioperative outcomes.
Therefore, data are presented in a tabular format, and whenever
possible reflect the value of a test or intervention for similar

outcomes of a perioperative Ml or cardiac death. Because the

studies were rarely randomizcd controlled trials, definitions of a
perioperative event varied, investigators were rarely blinded, and
many inherent selection Fiases existed, the task force has chosen
not to provide an aggregate synthesis uf the data in the form of a
point estimate or meta-analysis. On the other hand. presen-
tation of the original data provides substantial support for
‘these recommendations.

Guidelines for Perioperative
Cardiovascular Evaluation for
Noncardiac Surgery

L Definition of the Problem
Purpose of These Guidelines
.~ These gmdelmcs are ‘intended for physmans who are
mvolved in the preoperativeé; operative, and postoperative care
of patients undergoing noncardiac surgery. They provide a
framework for considering cardiac risk of noncardiac surgery
in a variety of patient ‘and surgical situations. The task force

that prepared these guidelines strived 10 incorporate what is

currently known about perioperative risk and how this knowl-
edge can be used in the individual patient. Methods used to

demhmﬂmgndehmmdaaﬁedmwl
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The tables and algorithms provide quick references for-
decision making. The overriding theme of this document is that
intervenlion is rarely necessary simply to lower the risk of
surgery unicss such intervention is indicated irrespective of the
preoperalwc context. The purpose of preéoperative. evaluaion
is not to give medical clearance. but rather to perform an:
evaluation of the patient’s current medical status, make rec-
ommendations concerning the. risk of cardiac problems over
the entire perioperative period..ard provide a clinical risk
profile- that the patient, his or her primary physician, anesthe-
siologist, and surgeon can usc in making treatment decisions.
No test should be performed unless it is likely to influence patient
treatment. Therefore, the goal of the consultation is the ratio-
naf use of testing in an era of cost containment.

Epidemiology

The prevalence of cardiovascular disease increases with age,
and it is estimated that the number of persons older than 65
years in the United States will increase 25% to 35% over the
next 30 years.! Coincidentally, this is the same age group in
which the largest number of surgical procedures are per-
formed.” Thus, it is conceivable that the number of noncardiac
surgical proccdures performed in older persons will increase
from the current 6 million to nearly 12 million procedures
perfomwdpervear and nearly a fourth of these—major intra-
abdominal, thoracic, vascular, and orthopedic procedures—
havebeenamaatedmlhasxgmﬁmntpempemnvewdmas—
cular morbidity and mortality.

Practice Pattems

There are few reliable data available tegarding (1) how
often a family physician. gereral internist, subspecialty inter-
nist, or surgeon performs a preoperative evaluation on his or
her own patient without a formal consultation, and (2) how
often a formal preoperative consultation is: requested from
cither a generalist or a subspecialist such as a cardiologist for
different types of surgical procedures and different catégories
of patients. The patterns of practice vary significantly in
different locations in the country and vary between patients
receiving care under different healthcare provider systems.
There is an important need to détermine the relative cost-
effectiveness of different strategies of perioperative evaluation.
In many institutions. patients are-evaluated in an anesthesia:
preoperative evaluation setting. If sufficient information about
the patient’s cardiovascular status is- available, the symptoms

are stable! and further evaluation will not influence perioper-

ative' management, a formal consultama may not be required
nor obtaised. This is facilitated by communication between

.anesthesia personnel and physacum respons:bie for the pa-
. uems cardiovasculas care. )

; Fmanaal lmplzcalwns

The financial implications of risk siratification cannot be
ignored. The need for better methods of objectively measuring

,mrdmvasw!anﬁhasledtoxhedevchpmemofmﬂnpk
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noninvasive: techniques in ‘additiqn to estéblished invasive
procedures. While a variety ‘of strategies to assess and tower .
cardiac risk- have been_developed, their aggregate cost has

received relatively little attention. Given the striking practice’

variation and high -costs: associated with :many evaluvation. .

 strategies, the development of practice guidelines based on
currently available knowledge can serve to fosier more etﬁcnent
approaches to penoperanve evaluation., -

Role of the Consultant

The consultant should review available patient data, obtain
a history, and perform a physical examination pertinent to the
patient’s problem and the proposed surgery. A critical role of
the consultant is to. communicate the severity and stability of
the patient’s cardiovascular status and to determine if the
patient is in the best reasonable medical condition, given the
context of the surgical illness. The consultant may recommend
changes in medication and suggest preoperative tests or pro-
cedures. In some instances, an additional test is necessary
based on the results of the initial preoperative test. In general,
preoperative tests are: recommended only if the information
obtained will result in a change in the surgical procedure per-
.formed, a change in medical therapy or monitoring during or
“after surgery, or a. postponement of surgery until the cardiac
cordition can be corrected or stabilized. Before suggesting an
additional test, the consultant should feel confident that the
information it provides will provide a significant addition to the
existing database and will have the potential to impact treatment.
Redundanql should be avoided.

I, General Approach to the Patient

Preopemﬂvecard]acevaluamumustbecarcﬁmymﬂoredm
the circumstances that -have prompted the consultation and
nature of the surgical finess. Givest an aciite surgical emergency,
preoperative evaluation will be limited to a rapid assessment of
cardiovascular vital signs, volume status, and electrocardiogram
(ECG). Only the most essential tests .and interventions are
appropriate until the acute surgical emergency is resolved. A
more thorough evaluation can be conducted after surgery. In

some circumstances, surgery is not performed as an emergency

procedure, but good care dictates prompt surgety. In patients in
whom miyocardial revascularization is not an option, it is often not
necessaty to perform a tesi. Under other, less urgent circum-
stances, the preoperative cardiac evahiation may léad to a variety
of responscs. Sometimes this situation may include cancellation of
an elective procedure. In this era of managed care and cost-
containment, the special needs of patients with comorbid disease
who undergo surgery must be considered. “Same day” admission,

which has become standard for most operations becaus: of |
cost-containment issues, may lead to an abbreviated preoperative -
assessment and could result in greater morbidity and higher cost

in high-risk patients. Further study of this cuestion is needed.

‘The consultant must carefully consider the question that he ™

~or she has been asked to answer. A misinterpreted ECG
anmnalyatypmlclwpmn.mahemgnarrhythnuaman
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otherwise healthy patient may ‘require no further workup or

. special precaution, whereas suspicion of previously unsus-

pected CAD or CHF in a patient scheduled for an elective
procedure may justify a more extensive workup.“'
The cardiac consultant must also bear in mind that the

 perioperative. evaluation  may be the. ideal ‘oppertunity to
. impact long-term treatment of a patient with significant cardiaé

disease or risk of such disease. The referring physician and
patient should be informed of the results of the evaluation and
1mphcat|ons for the patient’s progriosis. The ‘consultant can
also assist in planning for follow-up.

History

A careful history is crucial to the discovery of cardiac and/or
comorbid diseases that would place the patient in a high
surgical risk category. The history should seek to identify
serious cardiac conditions such as prior angina, recent or past
MI, CHF, and symptomatic arrhythmias. Modifiable risk fac-
tors for coronary heart disease (CHD) should be recorded
along with evidence of associated diseases, such as peripheral
vascular disease, cerebrovascular disease, diabetes mellitus,
renal impairment, and chronic pulmonary disease. In patients
with established cardiac disease, any recent change in symp-
toms must be ascertained. Accurate recording of current
medications and dosages is essential. Use of alcohol and
over-the-counter and illicit drugs should be documented.

The history should also seek {0 determine the patient’s
functional capacity (Table 1). An assessment of an individual’s
capacity to perform a spectrum of common daily tasks has been
shown to correlate well with maximum oxygen uptake by
treadmill testing.” A patient classified as high risk due to age or
known CAD but who is asymptomatic and runs for 30 minutes
daily may need no further evaluation. In contrast, a sedentary
patient :without a history.of cardiovascular disease but with
clinical factors that suggest increased perioperative risk may
benefit from a more extensive preoperative evaluation.5659 It
is important to-emphasize that the preoperative consultation
may represent the first careful cardiovascular evaluation for
the patient in years, and in some instances, ever. For example,
inquiry regarding symptoms suggestive of angina or CHF may
establish or suggest these diagnoses for the first time.

Physical Examination

A careful cardmvascular examination should include an
assessment of vital signs (including blood pressure. in both
arms), carotid pulse contour and bruits, jugular venous pres-
sure and pulsations, auscultation of the lungs, precnrdlal
palpation and- anscultation, abdominal palpation, and examina-
tion of the extremities for edema and vascular integrity. More

- detailed observations will be dictated by specific circumstances.

* The following points are worth emphasizing:
‘Oﬂlegeneralappearancepmdamvahmbleewdenoe
regarding the patient’s overall status. Cyanosis, pallor,
dyspnea during conversation or with minimal activity,
poor nutritional status, obesity, skeletal deformities,
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tremor, and/or anxnety are just a few of the clues that can
.. 'be recognized by the skilled physician.

" In patients with acute heart failure, pulmonary rales and
chest x-ray evidence of pulmonary congestion correlate
well with elevated. pulmonary venous pressure. In-pa-

. tients with chronic heart failure, however, these findings
- may be absent. An elevated jugular venous pressure or a
" - positive hepatojugular reflux are more reliable signs of
hypervolemia in these patients.?1! Peripheral edema is
not a reliable indicator of chronic heart failure unless the
jugular venous pressure is elevated or the hepatojugular
" test is positive.

© A careful examination of the carotid and other arterial
puises is essential. The presence of associated vascular

disease should heighten suspicion of occult CAD.
® Cardiac auscultation will often provide useful clues to
underlying cardiac discase. When present, a third heart
sound at the apical area suggests a failing left ventricle, but
its absence is not a reliable indicator of good ventricular

. function,’ :

® If a murmur is present, the clinician will need to decide
whether or not it represents significant valvular disease.
Detection of significant aortic stenosis is of particolar
importance because this lesion poses a high risk for non-
cardiac surgery.? Significant mitral stenosis or regurgita-
tion increases risk of CHF. Aortic regurgitation and mitral
regurgitation may be minimal, yet predispose the patient to
infective endocarditis should bacteremia occur following
surgery. In these conditions, especially if mitral regurgita-
tion is rheumatic in origin or due to mitral valve prolapse,
consideration must be given to endocarditis prophylaxis.’

Comorbid Diseases

The consultarit must evaluate the cardiovascular system within
the framework of the patient’s overall health. Associated condi-
tions often heighten the risk of anesthesia and may complicate
cardiac management. The most common of these conditions are:

The presence of either obstructive or restrictive pulmonary
disease places the patient at increased risk. of developing
perioperative respiratory complications. Hypoxemia, hy ser-
‘capnia, acidosis, and increased work of breathing-can all lead

to further deterioration of an already compromised cardiopul-

" monary system. lfmlﬁmntpulmmarydlseasetssuspectedby

history or physical examination, ‘determination 'of functional .

capacity, response to bronchodilators, andjor evaluation for
d:eprmmeofmrbonmonderetennonlhmnghmeml
,bloodgasanalysasmaybe;mﬁd.tfmerensevdenceof

mfectlon, appropriate - antibiotics. are- critical. -Steroids- and

broachodilators may be indicated, although the risk of produc-
mganhythmmormyomrdmhschemnby&agmmmwbe
.considered. :

Diabetes Mellitus

Avanetyofmetabohcdxseasmmyamompnnywmmck

disease. Diabetes mellitus is the most common. Its presence
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should heighten suspicion of CAD, particularly because myo-
cardial ischemia is more likely to be silent in the patient with
diabetes mellitus. Management of blood glucose levels in'the
perioperative period may be difficult. Fragile diabetic patients
need careful treatment with adjusted doses or infusions of
short-acting insulin based on frequent blood sugar determina-
tions. More stable diabetic patients may be treated with
long-acting insulin or oral hypoglycemics. It is acceptable to
maintain blood glucose at relatively high levels perioperatively
and it is far preferable to tight control with its attendant risks
for hypoglycemic episodes.

Renal Impairment

Azotemia is commonly associated with cardiac disease and
often complicates its management. Maintenance of adequate
intravascular volume for renal perfusion during diuresis of a
patient with heart failure is often challenging. Excessive diure-
sis in combination with initiation of angiotensin conveérting
enzyme (ACE) inhibitors may result in an inicrease in blood
urea nitrogen and plasma creatinine concentrations.
Hematologic Disorders ,

Anemia imposes a stress on the cardiovascular system that
may exacerbate myocardial ischemia and aggravate CHF.
Preoperative transfusion, when used appropriately in patients
with advanced CAD and/or CHF. may reduce perioperative
cardiac morbidity. However, with current concern about pos-
sible transmission of HIV and hepatitis through the use of
blood products, a conservative approach with respect to trans-
fusion is warranted.

Polycythemia, thrombocytosis, and other conditions that in-
crease blood viscosity may increase the risk of thromboembolism
and/or hemorrhage. Appropriate steps to reduce these risks
should be considered and tailored to the individual patient’s
particular circumstances.

Ancillary Studies

The consultant should review all available laboratory data.
In this era of cost containment, the laboratory data available
may be minimal. Therefore, the consuitant may require addi-
tional tests such as blood chemistries and a chest radiograph
based on history and physical examination. Blood-levels. of
cardiac drugs, inchaling digoxin, should be obtained only when
there are specific indications such as changing renal function,

recent change in dos:, or symptoms: suggesting toxicity. . -
In patients refe.sed for cardiac consultation, an ECG is

' almost always indicated as part of 2 preoperative evaluation. In

fact, an abnormal ECG report is often the reason that consul-
tation is requested.‘Metabolic and electrolyte disturbances,
medications, intracranial disease, pulmonary disease, etc: can’
alter the ECG. Conduction disturbances, such’ as: bundle

- branch block or first-degree atrioventricular block, may lead fo

concern but usually do not justify further workup. The same is

X oﬂenmxofasympmmaucanhymmas-tbemnmd
‘sugmﬁmmundeﬂymgstrmmailmndlsease On the other
‘lmd,mMIeECGdlmcanpomnhevmymadnnuNysian

cmdnmofma;ormpmt
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Table 1. Clinical Predictors of Increased Perioperative Cardiovascu-
Tar Risk (Myocardial Infarction, Congestive Heart Failure, Death)
Major -~ )
Unstable coronary syndromes * * .. .
® Recent myocardial infarction® with evidence of i unportam ischemic risk
by chinical symptoms or noninvasive study
® Usnstable or severet angina (Canadian Class IIT or ivi
Decompensated congestive heart failure -
Significant arrhythmias
® High-grade atrioventricular block
¢ Symptomatic ventricular arthythmi
disease

® Supraventricular arrhythmias with uncontrolled ventricular rate

Severe valvular discase

Intermediate

Mild angina pectoris (Canadian Class I or II)

Prior myocardial infarction by history or pathological Q waves

Compensated or prior congestive heart failure

Diabetes mellitus

Minor

Advanced age

Abnormal ECG (left ventricutar hypertrophy, left bundle branch block, ST-T
abnormalities)

Rhythni other than sinus (eg, atrial fibrillation)

Low functional capacity (eg, inability to climb one flight of stairs with a bag of
groceries)

History of stroke

Ui Hled systemic hyp

ECG indicates electrocardiogram. -

*The American College of Cardiology National Database Library defines
recent M1 as greater than 7 days but less than or equal to 1 month (30 days).
‘+May include “stable” angina in patients who are unusually sedentary.
$Campean L. Grading of angina pectoris. Circulation. 1976,54:522-523.

in the

of underlying heart

1 4

‘The basic clinical evaluation obtained by history, physical
examination; and teview of the ECG usually provides the
consultant with sufficient data to estimate cardiac risk. Table 1
lists clinical predictors of increased perioperative risk of MI,
CHF, and death established by several authors based on
multivariate analysis.'>!>2¢ Although some -authors have sug-
gested a scoring. system- that assigns more weight to some
factors than others and sums these to arrive at'a composite
risk,122224 most recent articles have suggested simpler crite-
ria.’>2! In clinical practice, more weight is attached to active
conditions than-dormant ones, while the degree of deviation
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from the normis used as an implicit modiﬁer Table 1 attempts
to deal with this practice by placing the predlctors in’ the.
following three categories:

® Major predictors, when present, mandate intensive man-
agement, which’ may result in delay or cancellanon of
surgery ualess it is emergent ;

® Jntermediate predictors are well- validated markels of en:
hanced risk of perioperative cardiac complications and
justify careful assessment of the patient’s current status.

& Minor predictors are recognized markers for cardiovas-
cular disease that have not been proven to independently
increase perioperative risk.

It should be noted that a history of MI or pathologlcal Q
waves by ECG is listed as an intermediate predictor, whereas
arecent MI* is a major predictor. In this way the separation of
MI into the traditional 3- and 6-month intervals has been
avoided.'>?> Current management of MI provides for risk
stratification during convalescence.26 If a recent stress test does
not indicate residual myocardium at risk, the likelihood of
reinfarction after noncardiac surgery is low. Although there
are no adequate clinical trials on which to base firm recom-
mendations, it appears reasonable to wait 4 to 6 weeks after MI
to perform elective surgery.

Table 2 presents a validated method for assessing functional
capacity from a carefully obtained history. This method repre-
sents an important aspect of evaluating overall cardiac risk and
planning appropriate preoperative tcstmg

Table 3 stratifies the risk ot various. types of noncardiac
surgical procedures. This risk stratification is based on several
reported studies.!21521.2225.28-30 [t js clear that major emergent
operations in the elderly, ie, those violating a visceral cavity
and those likely to be accompanied by major bleeding or fluid
shifts, place paticnts at highest risk, Vascular procedures
appear pariicularly risky, and, primarily because of the likeli-
hood of associated coronary disease, justify careful preopera-
tive screening for myocardial ischemia in many instances. This
aspect of decision making is covered ‘more extensively in
section IV,

*The American College of Cardiology National Database Library defines
recent MI as greater than 7 days but less than or equal to 1 month (30 days).

~ Table 2. Estimated Energy Requirements for Various Activities®

Climb a flight of stairs or walk up a hill?

1 MET Can you take care of yourself? 4 METs
b Est, dress, or use the toilet? Walk of level ground at 4 mph or 64 km/h?
Walk indoors around the house? Run a short distance? s
Walk a block or two on level Do heavy'work around the bouse like scrubbing
ground at 2-3 mph or 324.8 km/? ﬂootsorhﬂmgornmmgheavyﬁmure"
Do light work around the house like jonal activities
‘ /+ - -dusting or washing dishes? likegotfbmﬂmg.dancmg,dmmmmor
4 METs } owing a b 1 of footbali?
i . in strenwous fike
>10 METs mﬁmbaﬂ.basketbaﬂ.m m
MEfmmwsmﬂahh:

Wmmwmmnm7mmmmr ‘
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- Fig 1 (see Execiitive Summary) presents in algorithmic form
a framework for determining which patients are candidates for
cardiac testing. For clarity, categories have been established as
biack and white, but it is recognized that individual patient
“problems occur in shades of gray. The clinician must consider
several interacting vanables and give them appropriate weight.
‘Furthermore, there are no adequate controlled or randomized
clinical trials to help -define ‘the process. ‘Thus, collected
observational data and expert opinion form the basis of the
proposed: algorithm. '

Step 1 (Fig 1). The consultant should determine the urgency
of noncardiac surgery. In miany instances, patient or surgery-
specific factors dictate' an obvious stritegy (ie, immediate

. surgery) that may not allow for further cardiac assessment or
treatment. In such cases, the consultant may function best by
providing recommendations for perioperative medical man-
agement and surveillance. Selected postoperative risk stratifi-
cation is often appropriate in patients with elevated risk for
long-term coronary events who have never had such an assess-
ment before. This is usually initiated after the patient has

. recovered from blood loss, deconditioning, and other postop-
erative complications that might confound interpretation of
noninvasive test results.

Step 2 (Fig 1). Has the patient undergone coronary revas-
cularization in the past 5 years? If the patient has had
complete surgical revascularization in the past 5 years or
coronary angioplasty from 6 months to S years ago, and if his
or her clinical status has remained stable without recurrent
signs or symptoms of ischemia in the interim, the likelihood
of perioperative cardiac death or MI is extremely low.3!

Further cardiac testing in this circumstance is generally niot _

' necessary.

Step 3 (Fig 1). Has the patient undergone a coronary
evaluation in the past 2 years? If an individual has under-
gone extensive coronary evaluation with either noninvasive
or invasive techniques within 2 years and if the findings
indicate that coronary risk has been adequately assessed
with favorable findings, repeat testing is usually urinecessary.
An exception:to this rule is the patient who has experienced
2 definite change or. new symptoms of coronary ischemia
since the prior coronary evaluation.

Step 4 (Fig 1). Does the patient have one of the unstable

ccfonary syndromes or ‘major clinical predictors of risk
" (Table 1)?In patients being considered for elective noncar-

diac surgety, tbeptmcnoeofunstableoomnaryd:scasc,ork

' decompensated CHF, hemodynamically significant arrhyth-
mias, and/or. severe valvular heart disease usually leads to

cancellation -or delay. of surgery until the cardiac problem
has been clarified and appropriately treated. Examples of

unstable coronary syndromes include recent MI with evi-
dence of ischemic risk by clinical symptoms-or noninvasive
study, unstable or severe angina, and new or -poorly con-
trolled ischemia-mediated CHF. Many patients in these
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Table 3.-Cardiac Risk* Stratification for Noncardiac Surgica
Procedures

High (Reported cardiac nisk often >5%) -
® Emergent major operations, particularly in the
elderly
® Aotic and other. major vascular
¢ Peripheral vascular .
® Anticipated:prolonged surgml procedures associated
with large fluid shifts and/or blood loss '
Intermedi: {Reported cardiac risk generally <5¢)
® Carotid endanterectomy
® Head and neck
¢ Intraperitoneal and intrathoracic
¢ Onthopedic
® Prostate
Lowt (Reported cardiac risk generally <177)
® Endoscopic procedures
® Superficial procedure
® Cataract
® Breast
*Combined incidence of cardiac death and nonfatal myocardial infarction.
1Do not generally require further preoperative cardiac testing.

circumstances are referred for coronary angiography to
further assess therapeutic options.

Step 5 (Fig 1). Does the patient have intermediate clinical
predictors of risk (Table 1)? The presence or absence of
angina pectoris, prior Ml by history or ECG, compensated
or prior CHF, or diabetes mellitus helps to further stratify
clinical risk for perioperative coronary events. For patients
with or without these intermediate clinical risk predictors,
consideration of functional capacity (as determined by his-
tory of daily activities) and level of surgery-specific risk allows

 a rational approach to- dennfymgwhxd:pauemsmaymost
benefit from further noninvasive testing.

Functional status has been shown to be a reliable predmm
of future cardiac events.” If the patient has not had a recent
exercise test, this can usually be estimated from the ability to
perform the activities of daily living. Functional capacity can
beexprwsedmmctabohcequmlem(MEl‘)lcvds,th
oxygenmnwmphon(voz)ofaﬂ)-kg,w'ym-oldmanma
. resting state is, 3.5 ml/kg per minute or 1. MET. For: this
purpose, functional capacity has:been classified as excellent
(greater than 7 METs), moderate (4 to 7 METs), poor (less
than 4 METS), ot unkriown. Multiples of the baseline MET
value can be used to express aerobic demands. for specific
activities, and the use of the MET level is a more meaningful
and useful expression of excrcise capacity than: attempting (o
express functional capacity in terms of protoool time and stages
reached duiring an exercise test. The predicted MET level for
certain activities i influenced by the degree of conditioning
and genetic predisposition. Perioperative cardiac and long-
tennmkxsmeasedmpamlmblcmmcta4—m
" demand  during most nonmal daily activitics. Examples of
leisure activitics associated with less than 4 METs are baking,
siow baliroom dancing, golfing with a cart, playing 2 musical
- instrument, and walking at a speed of approximately 2 to 3
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mph. Activities that re(juirc ‘mor‘e: than 4 METs include mod-

erate cycling, climbing hills, ice skating, roller blading, skiing,
singlés tennis; and jogging. The Duke Activity Status Index -
(Table 2) contains questions.that can be used 1o estimate the

patient’s functional’ capacity.”® Use of ‘the’ Duke : Activity
‘Status' Index or other activity scales™ and knowledge of the
MET levels requlred for physml activities, as listed above,
provide the clinician with a relatively easy set of questions to

estimate whether a patient’s functional capacity will be less -

than or greater than 4 METs (Table 2). A clinical question-

naire, however, only estimates functional capacity and does noi.

provide as objective- a measurement as exercise treadmill
testing or arm ergometry.

Surgery-Specific Risk (Table 3, Fig 1): The surgery-specific
" cardiac risk of noncardiac surgery is. related to two impor-
tant factors. First, the type of surgery itself may identify a
patient with a greater likelihood of underlying heart disease.
Perhaps the best example is vascular surgery, in which under-
lying CAD is-present in a substantial portion of patients. The
second aspect s the degree of hemodynamic cardiac stress
 associated with surgery-specific techniques. Certain operations
" may be associated with profound alterations in heart rate,
blood pressure, vascular volume, pain, bleeding, clotting ten-
- dencies, oxygenation, neurohumoral activation, and other per-
turbations. The intensity of these coronary and. myocardial
stressors help determine the likelihood of perioperative cardiac
events. This is particularly evident in emergency surgery, where
the tisk of cardiac complications is substantially elevated.
Examples of noncardiac surgery and their surgery-specific
risk are given below. Higher surgery-specific cardiac risk (eg,
.combined perioperative MI and/or death rate equal to or
" greater than 5%) is. present in_patients undergoing aortic
surgery, peripheral vascular surgery, and anticipated prolonged

surgical- procedures associated with large fluid shifts and/or -

blood loss involving the abdomen, thorax; head, and neck.
Intermediate surgical risk procedures include urologic, orthope-
dic, and uncomplicated abdominal, head, neck, and thoracic
surgery. Low-risk procedures inchude cataract resection, derma-
tologic operations, endoscopic procedures, and breast surgery
(Table '3). Patients undergoing’ low-risk pmdurs do not
‘remmtfurd\erevaluanon

Sﬁq)ﬁ(i’%l)'?anemswnhommambutwnhmtemedwte
predictors of clinical risk (Table 1) and with moderate or ex-
- celient functional capacity can generally undergo intermediate-

.risk surgery with little likelihood of perioperative death or ML

" On the other hand; patients with poor functional capacity or
those with a combination of only moderate functional capacity
and higher-risk surgery are often considered for further non-

invasive testing: This is especially true for patients possessing

mormoreofﬂxcabovemtennedmiemﬂm& .

Step 7 (Fig 1). Nonwdlacsmgmylsgcnﬂrallysafefor
patients with minor or no clinical predictors of clinical risk
(Fig 1) and with moderate or excellent functional capacity
. (equal 10 or greater than 4 METS), regardiess of surgical
.. iype. Pauenxswnhpoorfunﬂ:malcapaatyhcmgh;gher-
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risk operatlons (vascular, anticipated long and. compllcated
thotacic, abdominal, and head and neck) may be cons:dered ‘
for further testing on an individual basis.

To reiterate, it isimportant to emphasnze that the concept of
“medical clearance” for surgery is short-sighted. The: real
issue is to perform an evaluation of the patient’s current

. medical status, make recommendations concerning the risk
of a cardiac problem over the entire_ perioperative and’
postoperative period, and provide a.clinical risk profile’that
the patient, anesthesiologist, and surgeon can use to make

- management decisions. The overall goal of cardiac assess-
ment should be a consideration of both the impending
surgery and, more important, the long-term cardiac risk,
independent of the decision to go to surgery.® It is almost

- never appropriate to recommend coronary bypass surgery or
other invasive interventions such as cofonary angioplasty
that would not otherwise be indicated in an effort to reduce
the risk of noncardiac surgery.

Step 8. The results of noninvasive testing can then be used to
determine further perioperative maanagement. Such man-
agement may include intensified medical therapy or cardiac
catheterization, which may lead to coronary revasculariza-
tion or potentially cancellation or delay of the elective
noncardiac operation. Alternatively, results of the noninva-
sive test may lead to a recommendation to proceed directly
with surgery (Fig 1). In some patients, the risk of coronary
angioplasty or corrective cardiac surgery may approach or
even exceed the risk of the proposed noncardiac surgery. In
rare instances, this approach may be appropriate, however,
if it also significantly improves the patient’s long-term
prognosis (Table 4).

1L Disease-Specific Approaches

Coronary Artery Disease
Paients With Known Coronary Artery Disease

In some patients, the presence of coronary disease may be
obvious, such as an acute M}, bypass grafting, coronary angio-
plasty, or a coronary angiogram showing luminal irregularities.
On the other hand, many patiénts without cardiac symptoms
may have severe double- or triple-vessel disease that is not
clinically obvious because the paticnts are functionally limited by
severe arthritis or pcnpheml vascular disease. Such patients may
benefit from noninvasive testing (Fig 1; Table 3) for diagnosis if
the patient is a candidate for. myocardial revascularization. In

 patients with known CAD, as well as those with previously occult

coronaty disease, the questions become (1) What is the amount of

- miyocardium in jeopardy? (2) What is the ischemic threshold, ie,
ruwammmtofmrequxredlopmd!msdnenua"andﬁ)wm,

nsmepanenlsventrmhrﬁmwm”(lanﬁmnmoﬂh&se@es-

. tions is an important goal of the preoperative history, physical

examination, and selected noninvasive testing used to determine
the. patient’s prognostic gradient of ischemic response during
stress testing (Table 5). On the other hand, many patients do not

-mcpmenonnmvemmg,pam!aﬂyﬂmeymmtmdmus
formywardnalrevascularmn. ‘
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Table 4, Indications for Coronary. Angiography* -in Périopetative Evaluation Before (or After) Noncardiac Surgery

Class I: Patients with saspected or proven CAD: |
o High-risk mults during nonmvaswe testing (Tahles 6-9)
o Angina p 10 2 dical therapy
® Most paticnts with unstable angina: pectons )
© Nondiagr 'orequwocnl oni
. Class Ify:
| e Intermediate-risk results during noninvasive tesnng (Tahles 69)

test in a l-ugh nsk pauenl (Tablc 1) undergoing a kigh risk noncardiac surgncal procedure (Table 3)

- o Nondiagnostic of equivocal noninvasive test in a lower-risk natient (Table 1) undergoing a high-risk noncardiac surgical procedure {Table 3)

© Urgent noncardiac surgery in 2 patient convalescing from acute MI

. ®. Perioperative MI
Class Hit:
® Low-risk noncardiac susgery (Table 3) in a patieni with known CAD 1rd low-risk results on noninvasive testing (Tables 6-9)
© Screening for CAD without appropriate noninvasive t.sting
® Asymptomatic after coronary revascularization, with exceflent exercise capacity (=7 METs)
® - Mild stzble angina in patients with good LV function, low-risk noninvasive test results (Tables 6-9)
© Patient is not a candidate for coronary larization b of « i dical iflness
® Prior technically adequate normal coronary angiogram within 5 years
o Severe LV dysfunction (eg, ejection fraction <20%) and patient not considered candidate for revasculanzanon proced-.re
‘e

Patient unwilling to consider coronary revascularization procedure

*1f results will affect management.

+Class I: Conditions for which there is evidence for and/or gencral agreement that a procedure be performed or a treatment is of benefit. Class 1I: Conditions for

‘which: there is a divergence of evid
procedure is not necessary. ‘

and/or opini

about the treatment. Class III: Conditions for which there is evidence and/or general agreement that the

' 'CAD indicates coronary artery disease; MI, myocardial inf:
Adapted from ACC/AHA Guideli

ction; MET,
for G Angi hy.3

'y AV S

‘Patients With Major Risk Factors for Coronary Artery Disease
Multiple risk factors have been identified that predispose the
patient for CAD and increase perioperative risk. Age, gender,
-and diabetes mellitus influence the outcome of patients undergo-
ing noncardiac surgery. Some factors, such as diabetes mellitus,
not only increase the likelihood and extent of coronary disease
but also predispose the patient to complications, such as infection
and hyperglycemia or hypoglycemia. which may add to the
hemodynamic stress of the operation. Additionaliy, patients with
dmbetmmelkmsmayhaveahtghermdemeofﬁlmmyomrdml
Advanced -age is a. special risk, not only because of the
increased likelihood of coronary- disease, but because of the
- effects of aging on the 'myocardium. Heart muscle is terminally

differentiated soon after birth, and the number of cardiac myo- .

cytes decreases with age.” The mortality of acute MI increases
dramatically in the aged.*® This phenomenon may be due in part

to the decreased myocardial reserve from a smaller bumber of

residual myocardial cells (presbycardia). Intraoperative: or peri-

operamemhasalughermonamymtheapd.'um
Gender is important because premenopausal women bave a

lower incidence of CAD, and in general CAD occurs 10 or

more years later in women than in men.* Women who have

premature menopause, such that as following oophorectomy,
are an exception to this rule. Diabetic women have an in-
creased risk, which is equivalent to men of the same age. The
mortality rate following acute Ml is greater for women than for

me, bit older age and diabetes mellitus account for much of -+
this difference. 5 Whether or not other factors such ascoronary -

artery size or different pathophysiology. also contribute to the
,mmednskmwomentsnoiyetfullynndemood.

q ; LV, left ventricular.

Table 5. Prognostic Gradient of Ischemic Responses During an
ECG-Monitored Exercise Test*
Pati with
High Risk
Ischemia induced by low-level exerciset (<4 METs or heart rate <100 bpm
or <70% age predicted) manifested by one or more of the following:

® Horizontal or downsloping ST depression >0.1 mV

® ST-seg fevation >0.1 mV in noninfarct lead

¢ Five or more abnonnal ieads

o Persistent ischemic response >3 min after exertion

© Typical angina
Intermediate Risk

Terhomia Jadiend 3 Jevel

d or pi CAD

P

ise* (4-6 METSs or heart rate 100-130
bpm {70-85% age predicted]) manifested by one ot more of the following:
® Horizontal or downsloping ST depression >0.1 mV.

¢ Typical angina

¢ Persistent ischemic response >1-3 min after exertion

¢ Three to four abnotimal leads -

Lew Risk

No:ischemia or ischemia induced at high-level excrcise* (>7 METs or heart
vate >130 bpm {>85% age predicted]) manifested by:

® Horizontal or downsloping ST depression >-0.1 mV

® Typical angina

® One. to two abnormal leads

Inadequate Test
lnahﬂnytorewhadeqametargetwmkhadorhanmcmpomefmage
without an isch nse. For pati

¥ L

surgery,
ahlnymnemmmlmthemunndmcmklewlmmmusdwmw .

. should be considered at low risk for perioperative ischemic events. .

ECGmdwmehmomrdmgraphﬂnyMET meMceqmvalem;bpm,
hwlspermmm :

*Based on references 32, 3743,

mekbadmdhwnmmf«mkmtymmad,mmm
pmmage Maximura target heant ratés for 40- and 80-year-old subjects on so
mdmaﬁmmdmmmlmmﬁ‘tﬂbeatspam respectively. 29743
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Peripheral vascular disease presents a special problem
‘because it is associated with a higher incidence of CAD and
because the limited acvivity imposed by claudication may mask
coronary. disease.. A full discussion of the implications of
peripheral vascular disease can be found in section IV.

Hypertension
Numerous - studiesi215.1821.51.52 have shown that moderate
hypertension is not'an indepéendent risk factor for periopera-
tive cardiovascular complications. On the other hand, as a
universally measureJ variable with a recognized association
with CAD, hypertension serves as a useful marker for potential
CAD.? In addition, several investigators have demonstrated
‘exaggerated intraoperative blood pressure fluctuation with
associated ECG evidence of myocardial ischemia in patients
with preoperative blood pressure elevation.5+57 This effect can
be modified by treatment.’>% Since intraoperative ischemia
correlates with postoperative cardiac morbidity,55! it follows
that control of blood pressure preoperaiively may help reduce
the tendency to perioperative ischemia. Although an elevated
blood. pressure on an initial recording in a patient with
previously undiagnosed or untreated hypertension has been
shown to correlate with blood pressure lability under anesthe-
sia,®! the definition of the severity of hypertension rests with
subsequent recordings in a nonstressful environment.® In
patients on therapy for hypertension, a' careful review of
current medications and dosage, along with known intolerance
to previously prescribed drugs, is essential. The physical exam-
ination should include a search for target organ damage and
evidence of associated cardiovascular pathology. In particular,
a funduscopic examination may provide useful data regarding
the severity and chronicity of hypertension.
The physical examination and simple laboratory tests can
_rule out some of the rare but important causes of hypertension,

Further evaluation to exclude secondary hypertension is rarely -

warranted before necessary surgery, but in patients with severe
hypertension, particularly of recent onset, it.may be appropri-
ate to'delay elective surgery while the patient is evaluated for
wrable causes of hypertension. If pheochromocytoma is a
serious possibility, surgery should be 'delayed to permit its
‘exclusion. A long abdominal bruit may suggest renal artery
stenosis. ‘A radial to: femoral artery pulse delay suggests
coarctation of ‘the ‘aorta; hypokalemia in- the absence of
 diuretic therapy raises the possibility of aldosteronisn: - ,

If the initial evaluation establishes hypertension as mild or
moderate and there are no associated metabolic or cardiovas-
cular abnormalities, there is no need to delay surgery.s? Several
investigators have established the value of effective preopera-

tive blood pressure control, 5576063 and antihypertensive med-.

mmmslmeeommneddunngﬂwpenommtmpemd '
Particular care should be taken to avoid withdrawal of 8-
blockers and dlonidine becaise of potential heart rate andfor

blood pressure rebound. In patients unable to take oral
medications, parenteral ﬂ—b!ockels and transdermaldtmdmc
may be used.
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If more seveére hypertension (cg, diastolic blood pressure
greater than or equal to 110 mm Hg) exists before: elective
noncardiac surgery, it is prudent to control it before surgery. In
many such instances; establishment of an effective regimen can
be achieved over several days to weeks of preoperative outpa-
tient treatment. If surgery is more urgent, rapid-acting agents

* can be administered that allow éffective control in a matter of

minutes or-hours. B-blockers appear to be pamculariy aftrac-
tive agents. Several reports have shown that introduction of

. preoperative B-adrenergic blockers leads to effective modula-

tion of severe blood pressure fluctuations and a reduction in
the number and duration of perioperative coronary. ischemic
episodes. 5540

Interestingly, patients with preoperative hypertension ap-
pear more likely to develop intraoperative hypotension than
nonhypertensive persons. In some patients this may be related
to a decrease in vascular volume. In one report, hypotension
durirg anesthesia correlated better with perioperative cardiac
and renal complications than intraoperative hypertension,
although other studies have not shown this.*

Congestive Heart Failure

Congestive heart failure has been identified in several
studies as. being associated with a poorer outcome when
noncardiac surgery is performed. In Goldman's study,!? the
presence of a third heart sound or signs of CHF were
associated with a substantially increased risk during noncardiac
surgery. Detsky? identified alveolar pulmonary edema as a
significant risk factor, and in Cooperman’s report,2¢ CHF also
bestowed a significant risk. Every effort must be made to detect
unsuspected heart failure by a careful history and physical
examination. If possible, it is important to identify the etiology
of CHF, because this may have implications concerning risk of
death versus perioperative: CHF. For instance, prior CHF due
to hypertensive heart disease may portend a different risk
compared with prior heart failure resulting from CAD.

Cardiomyopathy
‘ 'lhereishttiemformanonontbepmopemmeevaluauonof

patients with cardiomyopathy before noncardiac surgery. At
this time,” preoperative. recommendations must be based oa.a

thoroiigh understanding of the pathophysiology of the myopathic

-process. Every reasonable effort should be made before surgery to

deternnnethcwobgyofmepmxarymmﬁalm For

nous fluids. In patients with a history or signs of CHF, preoper-

ative - assessment -of left ventricular function may be recom-

mended o quantify the severity of systolic 2 well as diastolic
dysfunction. This information is valuable for both intraoperative
and postoperative ‘management. This assessment may include
echacardiography unless it has been previously performed.

Wmmmmmmm
tion of blood volume, docreased systemic vascular resistance, and
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increased venois. capacitance ay cause a -reduction in. left
ventricular volume and thereby potentially increase a tendency to
outflow obstruction with potentially untoward results. Further-
more, reduced filling pressures may result in a significant fall in

stroke volume because of the decreased compliance of the

hypertrophic ventricle. Catecholamines should be avoided be-
cause they may increase the degree of dynamic obstruction and
decrease diastolic filling. In a relatively small series of 35 patients
with hypertrophic cardiomyopathy with obstruction, there were
no deaths or serious ventricular arrhythmias during or immedi-
ately after general surgical procedures; one. patient had major
-vascular surgery. In the 22 patients who underwent catheteriza-
tion, the mean rest and peak provokable gradients were 30 mm
Hg and 81 mm Hg, respectively. The only patient; suffering a
perioperative M1 had two-vessel coronary disease. Significant
arthythmias or hypotension requiring vasoconstrictors occurred
in 14% and 13% of patients, respectively.% Patients with hyper-
trophic cardiomyopathy are also at an increased risk for periop-
erative CHF. ‘

Valvular Heart Disease

. Cardiac murmurs are common in patients facing noncardiac
surgery. The consultant must be able to distinguish organic from
functional, significant from insignificant, and the etiology of the
murmur in order to determine which patients require prophylaxis
‘for endocarditis and which patients require further quantitation
of the severity of the valvular lesion.

- Severe aortic stenosis poses the greatest risk for noncardiac
surgery.'? If the aortic stenosis is severe and symptomatic, elective
nonwrdiacmxgeryshouldgenerallybeposlponedormnceled,
Such patients require aortic valve replacement before elective but
neoessary noncardiac. surgery. In rare instances, percutancous
,bMaomcvaMdoplastymaybemsuﬁedwhenmepmemls
not a candidate for valve replacement.

Mitral stenosis, although increasingly rare, is important:to
“recognize. When stenasis is mild or moderate, the consultant
must ensure control of heart rate during the operative and
perioperative period becavse the reduction in diastolic fifling
“period that accompanies tachycardia can lead to. severe pul-
monary congestion. When the stenosis is severe; the patient
may benefit from balloon mitral valviloplasty or open surgical
repair before high-risk surgery.*S
Aortic regurgitation needs to be identified, nol only for
appropriate prophylaxis for bacterial endocarditis, but also to
enisure’ appropriate medical treatment. Careful attention to
volume control and afterload reduction is recommended. In
contrast to- mitral stenosis, severe - aoitic regxrgmmm is not
benefited by unusually slow heart rates which can’increase. the
volumeofregngiahmbymeasmgdxeamoumofhmem

diastole. Tachycardia predominantly affects diastole and thus

mmwdwmmmw

Mitral regurgitation has many causes, the most common
bemgpapﬂlatymmdedysﬂmmandmmalvalvepmhpse
Perioperative antibiotic prophylaxis is recommended for pa-
mm&hmmalvaheprohpscwhohavedmworechow
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didgrap‘lk evidence of mitral valve regurgitation or thickening:

“andfor. redundancy of the valve leaflets.! Since perioperative

volume shifts may cause 'a’ patient .with an'isolated click to
deve.i mp mitral regurgitation, auscultation in the smmg, stand-

ing, squatting, and standing-post-squatting positions may iden-

tlfy a tendency to volume or stress-related regurgitation.

- Patients wiih severe mitral regurgitation (often manifested
clinically by an aplcal holosystolic miurmur, a third heart sound,
and a diastolic flow rumble), benefit from afterload reduction!
and administration of diuretics to produce maximal hemody g
namic stabilization before hlgh-nsk surgery. Occasionally this
therapy can best be accomplished by treatment in an intensive
care unit using a catheter to monitor pulmonary artery pres-
sure. It is also important for the consultant to riote even. mild
reduction of left ventricular ejection fraction (LVEF) in pa-
tients with mitral regurgitation. Because the low-pressure left
atrium acts as a pressure runoff in patients with severe mitral
regurgitation, LVEF may overestimate true left ventricular
performance. In such patients, even a mildly reduced LVEF
may be a sign of reduced ventricular reserve.

Patients with a' mechanical prosthetic valve are of concern
because of the need for endocarditis prophylaxis'* when under-
going surgery that may result in bacteremia and the need for
careful anticoagulation management. The Fourth Consensus
Conference on Anticoagulation recommends the following®:

For patients who require minimal invasivé procedures (dental
work, superficial biopsies), we recommend briefly reducing the
INR to the low or subtherapeutic range, and resuming the
normal dose of oral anticoagulation immediately following
the procedurz. Perioperative heparin therapy is recommended
for patients in whom the risk of blecding on oral anticoagula-
tion is high and the risk of thromboembolism of anticoagula-
tion is also high (major surgery in the setting of mitral valve
prosthesis). For patients between these two extremes, physi-
cians must assess the risk and benefit of reduced anticoagula-
tion versus perioperative heparin therapy.

Arrhythmias and Conduction Defects

Cardiac arrhythmias and conduction disturbances are com-
mon findings in the perioperative period,'21667 particularly in
the ‘elderly: Although both supraventricular. and’ ventricular
arrhythmias have been identified as independent risk factors
for ccronary events in the perioperative period,'2%7 they are

* probably significant only in that they either reflect or occur in

the presence of underlyiig serious cardiopulmonary. disease
which, by itself, increases the risk of surgery.sé The presence of
an arrhythmia -in'the perioperative setting should. provoke a
thorough search for underlying cardiopulmonary discase, drug
‘toxicity, or metabolic derangements. :

Many cardiac arrhythmias, although relatively benign, may
unmask underlying cardiac problems; for example, supraventric-

* ular arrhythmia can produce ischemia by increasing myocardial

oxygen demand in patients with coronary disease. Rarely, arrhiyth-
mias, because of the hemodynamic of metabolic

derangements
ﬂ:ymmaydaemwmmmehfc—&mwnhgmythm
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disturbances; for example, ‘atrial ﬁbnllanon with a rapid venmc-
ular résponsc in a patient with an accessory bypass pathway may
degenerate into ventricular fibrillation. - Ventricular arthythmias,
whether single premature ventricular contractions, complex ven-
tricular ectopy,omomxstamedvenmcular tachycardia usually do
+ ot require therapy except in the presence of ongoing or threat-
enedmyocard:ahschemxammodemetoscvereleﬂvenmlar
dysfunction when such arthythmias represent a sagmﬁ(zm risk
-factor. Conversely, in the absenice of cardiopulmonary disease, it
is likely that such arrhythmias have the same benign prognosis
perioperatively as that demonstrated in population studies ©
High-grade cardiac conduction abnormalities, such as com-
plete atrioventricular block, if unanticipated, can increase
operative risk and necessitate temporary or permanent trans-
venous pacing. On the other hand, patients with intraventric-
ular conduction delays and nio history of advanced heart block
or symptoms rarely progress to complete heart block pe-iop-
eratively.”! The availability of transthoracic pacing units makes
the decision for temporary transvenous pacing less critical.

Pulmonary Vascular Disease

There are no reported studies that specifically assess the
perioperative risk associated with pulmonary vascular disease in
patients having noncardiac surgery. In fact, there are no system-
atic studies of the risk of noncardiac surgerv for patients with
congenital heart disease, coirected or uncorrected.” A number of
reports have evaluated cardiovascular function many years after
surgery for congenital heart disease. Five years after surgery for
ventricular septal defect or patent ductus arteriosus, pulmonary
vasoreactivity often remains abnormal, increasing to high levels
during hypoxia. Such patients may not tolerate intraoperative or
postoperative hypoxia as well as normal individuals.

Patients with congenital heart discase have also demon-
strated a reduced cardiac reserve during exercise.” Postoper-
ative studies of patients  with coarctation of the aorta or
tetralogy of Fallot have demonstrated findings consistent with
underlying impairment of ventricular function.”’ These ob-
servations should be kept in mind when evaluating such
patients before noncardiac surgery. Patients receiving primary
cardiac repair at a younger age in the present.cra may be less
Pprofie to. postoperative ventricular- dysfunctlon because of
improved surgical techniques.
~ While most experts agree that pulmonary typertension poses
an increased risk for noncardiac surgery; no organized study of
the problem has been performed. The only analogous situation &

labor and delivery for women with Eisenmenger syndrome due to
a. congenital intracardiac shunt. Peripartum mortality was re-

" ported to be between 30% and 70% in 1971, but no recent data

exist to clarify whether or not this has fallen with improvementsin

care.™ In patients with severe pulmonary hypertension and a

cardiac shunt, systemic hypotension results in increased right to’
‘left shunting and predisposes. the paticat: 1o - development of -
acidosis, which can lead to further decreases in systemic vascular :

resistance. This: cycle must be recognized and appropriately

 cither
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IV. Type of Surgery
Urgency
In a recent review, Mangano' determined that cardiac

complications are two to five times more likely to occur with
emergency surgical procedures than with elective operations.

‘This finding is not surprising, since the necessity for immediate

surgical intervention. may make it impossible to evahiate and
treat such patients optimally. For instance, collected data have
confirmed that the composite mortality rate for elective repair
of patients with asymptomatic abdominal a2ortic- aneurysms is
significantly lower (3.5%) than that for ruptured aneurysms
(42%).” The mortality rate for graft replacement of symptom-
atic but intact abdominal aortic aneurysms remains relatively
hiigh (19%) despite the fact that, like elective cases. they are
not associated with antecedent blood loss or hypotension.
Unfortunately, most true surgical emergencies (eg, symptom-
atic abdominal aortic aneurysms, perforated viscus, major
trauma) de not permit more than a cursory cardiac evaluation.

In adarttion, some situations do not lend themselves to
compichensive cardiac evaluation. although surgical care may
qualify as semielective. In some patients, the impending danger
of the discase is greater than the anticipated perioperative risk.
Examples include patients who require arterial bypass proce-
dures for limb salvage or mesenteric revascularization fo prevent
intestinal gangrene. Patients with malignant neoplasms abso pose
a diagnostic and theraprutic dilemima with respect to preopera-
tive cardiac evaluation, especially when it is difficult to determine
whether the malignancy &5 curable before surgical exploration.
Each of thesc situations illustrates the importance of clase
communication among consultant, surgeon, and anesthesiologist
to plan an approach for cardiac assessment that is appropriate for

Surgical Risk

For clective surgery, cardiac risk can be stratified according
to a number of factors, including the magnitude of the surgical
procedure. Some operations are simply more dangerous than
others. Backer et al™® encountered no cardiac complications
following 288 ophthalmologic procedures in 195 patients with
a prior history of Ml compared with a . zinfarction rate of 6.1%
for a number of nonophthalmologic surgeries at the same center.
A recent largescale study supportéd the low ‘morbidity and
mortality rates in superficial procedures performed on an ambu-
latory basis. Waimer et al™ determined the perioperative (30-day)

incidence of MI and cardiac death in 38500 patients who

underwent 45 090 consecutive aiicsthesias. Fourteen (0.03% an-
esdm)pempcfwvcmsoounmd.o(wmwopmmnd
onposwpmmveday7aﬁzrﬂaemfammeMkwumed
y or within the first 8 bours, one of which
was fatal. Using age- and gender-adjusted annual incidence raic
for, Mls and sudden death, the authors predicted that 17.8- Mls

" should have occurred among this population during the study
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that perioperative cardiac morbidity is particularly concentrated
among. patients -who undergo-major thoracic, abdoninal, of

vmxlarmrgery,especmﬂywhcntheyare?ﬂyeaxsorold—f
er.} 78082 Ashton ‘et al'? pmweclwelymxdxedtheundeme of:

‘pemperaﬂvehﬂa'soaatedw:thﬂlomﬂc,abdomnml urologic,
orthopedic, and vascular surgery in a cohort of 1487 men older

than 40. The highes! infarction rate (4.1%) (odds ratio; 1039;

95% confidence interval [CTJ, 2.3 10:47.5) occurred in the subset

of paticnts with an established: diagnosis of CAD. Nevertheless,
independent smificant risk factors for infarction alkso included:

age greater than 75 years (odds ratio; 4.77:95% C1, 1.17 to 19.41),
and the need for elective vascular surgery even in the absence of
suspected CAD (adjusted odds ratio, 3.72: 95% Cl, 1.12 10 12.37).
" Few procedure-specific data are available regarding periop-
erative cardiac morbidity in-most surgical specialties, perhaps
because advanced age and serious, incidental CAD are assumed
10 be distributed randomly within groups of patients who undergo
noncardiac operations in such fields as general surgery, thoracic
surgety, orthopedics, urology, gynecology, and neurosurgery. Ped-
ersen et al*> found by logistic regression that age greater than or
equal 10 70 years, MI within the preceding 12 moriths, and CHF
were associated with an increased incidence of postoperative
cardiac complications in a series of 7300 patients who underwent
a mix of both “major™ and “minor” gastrointestinal, urologic,
gynecologic, and orthopedic procedures. Marsch et al®* reached
similar conclusions in 3 much smaller series of 52 patients who
required elective hip arthroplasty; the 11 patients in this study
who had previous clinical indications of CAD sustained signifi-
cantly higher rates of monitored ischemia or Ml during the
perioperative period (adjusted odds ratio, 1.9; 95% C1,0.7 0 5.2)
and late cardiac events during 4 years of follow-up (adjusted odds
ratio 3.5; 95% C1, 13 to 9.2) than did the remaining 41 patients.

As shown by Ashton et al'> and many others, however,
patlemswhomquevasmlaxsurgeryappeartohavean
increased risk for cardiac complications becanse: '~ -

® Mcny of :the risk factors contributing to peripheral
. vascular disease (eg, dizbetes melliius, tobacco use,

hyperiipidemia) are also risk factors for CAD.

@ The usual symptomatic presentation for CAD i these'

patients may be obscured by exercise limitations imposed
1 by advanced age or intermittent claudication, or both.
® Major arterial operations often are time-consuming and
may be associated with substantial fluctuations in intra-
exnmmﬂarﬂuﬂvohnnes,mrdmﬁl!mgp:mmsys-
temic blood pressure, heart rate, and thrombogenicity.’
Two recent studies have attempted testmnfylhcxmdence
of perioperative and intermediate-term M1 according to the
ongmallypcofvasqﬂarmgelyperformed.lnapmspectm
series of 53 aortic procedures and 87 infrainguinal bypass

yaftsforwmchopemuvcmomhlymmswemneaﬂyldenml,
" (9% and 7%, respectively), Krapski et al®s found that the risk -

for fatal/nonfatal M1 withia a 2-year follow-up period was 3.5
times higher (21% versus 6%) among patieats who received
infrainguinal bypass grafis. This difference probably is related
to the fact that disbetes mellitus (44% versus 11%) and a
history of previous MI (43% versus 28%), angina (36% versus
“15%), or CHF (29% versus 9%) also were significantly more
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prevalent in the infrainguinal bypass group. L'lalien et al*
have preserted comparable data regarding the perioperative
incidenice of fatal/nonfatal MI and the 4vear event-free sur-

- vival rate following 321: aortic procedures, 177 infrainguinal

bypass grafts. and 49 carotid endarterectomies. Slight’ differ-
ences in the overall incidence of MI among the three surgical
groups,, which may have been- related to.the prevalence of

© dia* :tes mellitus, were exceeded almost ertirely in significance

by the influence of discrete cardiac risk factors (previous M1,

" angina, CHF. fixed or reversible thallium delects, ST-T depres- .
" sion during stress testing).* These and other studies® suggest -

that the clinical evidence of CAD in a patient who has
peripheral vascular disease appears to be a better predictor of
subsequent cardiac events than the particular type of penph-
eral vascular operatlon to be performed.

In a selective review of several thousand vascular surgical
procedures (carotid endarterectomy. aortic aneurysm resec-
tion, lower extremity revascularization) reported in the English
literature from 1970 to 1987, Hertzer® found that cardiac
complications were responsible for about half »f all perioper-
ative deaths, and that fatal events were nearly five times more
likely to occur in the presence of standard preoperative
indications of CAD. Furthermore; the late (5-year) mortality
rate for patients who were suspected to have CAD was twice
that for patients who were not (approximately 40% versus
20%). It is noteworthy that both the perioperative and 5-year
mortality rates for the smail groups of patients who previously
had coronary bypass surgery were similar to the results re-
ported for larger series of patients who had no clinical indica-
tions of CAD at the time of peripheral vascular surgery.

Published mortality rates from large referral centers may
not reflect the results at thousands of other hospitals through-
out the United States in which, collectively, most vascular
surgeries are performed on an individual, low-volume basis.
Hsia ét al*? have calculated that fewer than 10 carotid endar-
terectomies were performed ar.. ually at 45% of all hospitals in
which Medicare beneficiaries reccived this procedure from
1985 to 1989, and Fisher et al* demonstrated that the periop-
erative mortality rate (1.1% to 3.2%) bad an inverse relation to
the low volume of carotid endarterectomies in 2089 Medicare
patients at 139 New England hospitals. Simiar trends (high

- volume/low risk, low volume/high risk) have been confirmed by

statewide audits of aortic ancurysm resection in Vermont.
Kentucky, and New York.”*! In New York, for example.’
Hannan et al™ reviewed 3570 clectivc ineurysm rescetions.
from 1985 10-1987 and found a lincar, inverse relation between'
case volume and mortality rates for surgeons who annaally:

_ performed two or fewer operations (11% mortality), three to

nine operations (7.3% mortality), or 10 or more operations (5.6%
mortality). No comparable data are available for lower extremity
bypass procedures, but according to. the National Center for
Health' Statistics, the. potential magnitude of this problem i
ilhstrated by the fact that each year approximately 100 000

‘pammsmMmgedﬁunUSho&pm!saﬁermmm

revascularization.%?
(]namnctal‘"colbnedl%«tdauforthewmwnm
diagnosis-related : groups for wlnch charges were submitted
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from nearly 5 000 000 admissions to over 5000 hospitals. Cf 48
homogeneous.medical and surgical conditions developed from
a statistical model. only four had adjusted mortality rates that
clearly could .be correlated -from one condition to another;

thre (carotid endarterectomy. aortic’ reconstruction. lower.

extremily revascularization) involved vascular surgery, ai.d the
fourth (total hip repacement), orthopedic surgery. Thus, if a
hospital did well or poorly with onc, of these operations, it
tended to do equally well or poorly with the rest of them.
Considering the fact: that the prevalence of CAD contributes
substantially to the penopcranve risk of vascular surgery, at
least some of the differences in surgical outcome from one
hospital to another may be accounted for by vanations in the
degree to which it is recognized and appropriately treated. The
level of ‘this awareness also has implications regarding late
survival. In the prospectively randomized Veterans Adminis-
tration trial of carotid endarterectomy versus nonoperative
management for asymptomatic carotid stenosis, for example,
more than 209 of both randomized cohorts died from cardiac-
related complications within a follow-up period of 4 years.
As Fleisher and Barash® have emphasized, the specific surgi-
cal setting must be considered within any algorithm regarding
preoperative cardiac evaluation. The term noncardiac operation s
excecdingly broad in its definition; it embraces aging patients with
complex technical problems as well as younger patients scheduled
for straightforward surgical procedures. As described above,
cardiovascular morbldny and mortality not only vary: among
procedures but ‘among institutions for the same procedure.
Therefore, in assessing the risks and benefits of a perioperative
intervention strategy, risks associated with noncardiac surgery
must be individualized. It is important to remember, however,
that the indications for coromary intervention shoukd not be
redefined simply because a patient who has CAD of marginal
significance also happens to require 2 major noncardiac proce-
dure. Conversely, the long-term implications of severe lcft main
or triple-vessel disease and dimiinished left ventricular function
are no less ominous following 2 minor noncardiac operation than
they are in any other patient: In the final analysis, one of the
ultimate objectives of the preoperative cardiac assessment is to
exclude the presence cf such serious CAD that some form of
direct intervention would be warranted even if no noncardiac
opemuonweremmy lnumrega:d.mepmsermmnfor
noncardiac, surgery may simply represent the first time that a

panemwnhovcnorsqnaedcomuylnand&mhasan‘

opportunity for cardiovascular assessment.

In summary, the surgical procedures have been classified as
low, ifitermediate, and high risk as shown in Table 3. Although
coronary discase is the overwhelming risk factor for perioper-
ative morbidity, procedures of difiereat levels of stress are asso-

rarely associated with - excess morbidity and mortality. Major -
vascidar procedures represent the highest-risk procedures. Within

the imermediate-risk category, morbidity and -mortality vasy,
depending on the surgical location and extent of the procedure.

Some procedures may be short, with minimal fluid shifes, while *

mmummwmmmm
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shifts and greater pciential for postoperative myocardial schemia
and respiratory depression. Therefore. the physician must exer-

cise judgment to comectly assess perioperative surgical nisks and
the need for-further evaluation.

V. Snpplemental Preoperative Evaluation

‘ Resu'ng Left Ventricular Function

Summary. of Evidence

Resting ventnaular function has been evaiuaxed preopera-
tively before noncartiac surgery by radionuclide: angiography.
echocardiography. and contrast ventriculography. = > Of seven
stisdies that demonstrate 2 positive relation between decreased
preoperative ejection fraction and postoperative mostality or
morbidity, four were prospectae™ Y™ 1%iv* and hict retrospec-
tive. %948 The greatest risk of complications was observed. in
patients with an LVEF at rest of less than 35¢%. In the perioper-
ative phase, poor left ventricular systobic or diastolic furction is
mainly predictive of postoperative CHF. and 1 critically il
patients, death. It is noteworthy. however, that resting left ven-
tricular function was not found 10 be a consistent predictor of
Recommendations for Preoperative Noninvasive Evaluation of Left
Ventricniar Function

Cless 1. Paticnts with current or poorly controtied CHF. (I
previous evaluation has documented severe left ventricular
dysfunction, repeat preoperative testing may not be necessary )

Class I1. Patients with prior CHF and paticnts with dvepnea
of unkaown etiology.

Class H1. As a routire est of kft ventnicular function in
patieats without prior CHF.

Assessment of Risk for Coronary Artery Disease and
Functivonal Capacity
Exercise Streis Testing for Myocardial Ischemia and .
Functional Capecity

The aim of supplemental preoperative testing is to provide
an objective measure of functional capacity. to identify the
presence of important preoperative myocardial -schemaa or
cardiac arrhythmias, and to estimate perioperative cardiac risk
and long-term prognosis. Poor functional capacity in patients
with chronic CAD or those convalescing after an acute cardiac
event is associated with an increased risk of subscguent cardiac
morbidity and mortality.*? Decreased functional capacity may be
caused by several facsors, including inadequate cardiac reserve.

hmkmnglhcnkdacmmmmpmm
mmmuwmwm
is known abowt BOG exercise testing in- general, The seasitivity
gradicnt. for detecting obstructive coroaary discase & dependent:
on severity of steacsis and extent of discase as well as ¢riteria used
for a positive test. kms%dmmmwm

‘coronary disease and adoquase levels of excroive can have 2

sormal excroise EOG.* The mean seasitivity and specificity of

" enercise testing for obstractive coronary discasc is 68% and 77%.
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Table 6. Pwoperatm&ermTMgBeforeVa;oerdlacSurgery

JACC Vol 77, No. 4
March 15, 1996:910-48

- Paticnts With Predictive Value
Author n Test (%) Abnormal Test Events Positwe Test Test Event Comments
Peripheral vadcular ssrgery or abdentiasl sortic anenrysm repale
McCabe 811 k) ) Jo STD.CP,orA  38% (1539  81%(136) 9% (212 DMIHA
Catler 81*7 130 3 SO 7% (9/130) 16% (8/50) 9% (M980) DM <755 MPHR increased risk
Arocs B4® o - 17 STD NR 21% (19/%9) NR DM .
Gardine 85 8 48 ST 1% (219) 1% (19) 90% (9/10) DM
von Knorring 8610 105~ 25 STD, A orCP 3% (305) 8% (¥26) 9% (M) DM
Kopecky 86/ 14 57 <400 kpe: T%®110) 3% (863)  100%(4747) DM
Leppo® 87 60 p- 3 STD 12% (7%60) 25% (312) 92% (44/48) DM Exercise test results used to refer
' patients for revascularization
Hanson 88412 74 57 ST 3% (137) 5% (1/19) 100% (18/18) DM Arm ergometry
McPhail® 8810 100 » <85% MPHR 192 (19100} 4% (17M0)  93% (2830} DMAF  <8% MPHR; P=4; STD; N§
Utbinati *94'17 m 3 STD 0 o028 100% (93/93) DM Carotid endarectomy paticnis.
- STD predicted late death.
Pevipheral vascular surgery or major noncardiac sargery
Carliner 85* 00 16 STD 32% (16200)  16% (5/32) 93% (157/168) DM 5 METs (NS)
STD indicates ise-induced ek di hic ishemia; CP, chest pain: A, cardiac arthythmia; D, death; M, dial infarction; I, myocardial isch

EWMWMWM&N&”WF failure; NS, not significant; MET, metabolic equivalent.

*Stndies with coflection of

clectrocardiogram and cardiac enzymes.

In references 106, 108, 109, lll.andll&mmmdmmWﬂWrwwmhﬁmmdwwmmmd

case is 81% and 66%, mdfordareevesselorlcftmmuxmary
disease, 86% and 53%, respectively.®

Weiner et al’2 studied 4083 medically treated patients in the
Coronary Artery Surgery Study (CASS) and ideatified a high-

risk patient subset (12% of the population) with an annual

mortality greater than or equal to 5% per. year when the
exercise workload was less than Bruce stage 1 and the exercise
EOG showed ST-segment depression greater than or equal to
1 mm. A low-risk patient subset (34% of the population) who
were able to complete or do more than Bruce stage 11 with a
normal exercise ECG had an annual mortality of less than 1%
peryearoveﬂyeusoﬁoﬂow—up.”Smilarmﬂtshavebeen
reporied by others. 4142 :

‘ Smwyafadmu.l‘heuseofpwoperameexcmseECG
testing to estimate coronary disease presence and risk of

perioperative events in patients undergoing major noncardiac:
mmmwammo{mwﬂ‘
peripheral vascular discase from

Hterature on excrcise and
1975 to September 1994,%0¢11. Table 6. lists publications in
which exercise test. resalis and perioperative events were

reporied. In miost series, very high-risk patients (recent MI,
unstable angina, CHF, and serious ventricular arrhythinias)

meﬁuied.ud‘hﬂetal“’mpomdmpmopaame

exercise treadmill testing and supplemental arm ergometry in
100 patients undergoing surgery for peripheral vasailar disease

or abdominal aortic ancurysm. Of the 100 patients, 30 were -

able to reach 85% of age-predicted beart rate maximum, and

oaly two bad cardiac complications (6%). In contrast, 70% of

the population were unable to reach 85% of age-predicted
heart rate or had an abnormal exercise EOG. In this group the
mmmmmwmam
ular arthythaia) was 24% (17 patients). .
'!h:dmmm m'!‘abi:ﬁnhuapukmm

heart rate grriater than 75% of age-predicted maximum can be
expected in approximately half of patients who uadergo tread-
mill exercise, with supplemental arm ergometry when neces-
sary for patients limited by claudication.!” The frequency of
an abpormal exercise ECG response is. dependent on prior
clinical history.1%.110 In patients without a cardiac history and
a normal resting ECG, approximately 20% to 25% of patients
will have an abnormal exercise ECG. The frequency is greater
(35% 1o .50%) in patients with a prior history of Ml or an
abnormal rest ECG. The risk of perioperative cardiac events dnd
bng—mmmksngmﬁmnﬂymaeasedethanahm
mal exercise ECG at low workloads 10716113 *

In contrast o the above studies of pauans with vascular
discase, in a general population of patients in whom oaly 20% 10

- 35% had peripheral vascular discase and were undergoing non-

cardiac surgery, Carfiner et al'™* reported exercise-induced ST-
segment depression greater than or equal to 1 mm in 16% of 200
patients older than 40 years (mean age, 59 years) being consid-
ered for elective surgery. Only two patients (1%) had a markedly
abnormal ‘exercise test. Of the 32 patients with an' abnormal

- exercise: test, five ((16%) died or had a4 nonfatal MI. Of 168

patients with a negative test, 157 (93%) did not dic or have an ML

Vlnﬂ‘mserm,m the results of preoperative exercise testing
nsk.

T&Spmﬂuamgxﬁunofnﬂmm

" during an ECG-mouitored exercise test' as -developed for a

- ‘geneval population. of patients with CAD."8 The prognostic

‘ gaﬁemeahnﬁnmdlvtheagedﬂmmmemﬁ

the coronary diseast, snd the degree of left ventricular dysfunc-
tion. ACC/AHA guidelines conceming the indications for and
,mwmdmmmmmﬁ L
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Table 7. Dmyndamole'l‘halhum lmagngmereowrauveAmwntofCardmRmk
Periopesative Eveats
Patients With . RD Scan Normal Scan
Ischemia by Events Positive Negative
Ti-Rd Mi/Death Predictive Predictive
Author | n (%) (%) Value Value Comments
Vascular surgery
‘Boucher '85! 8 16(33) 3(6) 19% (¥16) 100% (3232) First study to define risk of thallium redistribution
Cutler '871® 116 54.(47) 1110} 20% (11/54) 100% (60/60) Only aortic surgery )
Fletcher '88'21 67 15(22) 3(4) 20% (3/15) 100% (56'56)
Sachs ‘#8122 46 14031 2(4) 14% (2/14) 1005 (2424
Eagle 89 200 82 (41) 15(8) 16% (1382) 985 (61/62) Defined dlinical risk
McEntoe 90'2 95 -34(36) 77 9% (334) 965 (44:46) Fixed defects predict events
Younis 9014 i 40(36) 8(7) 15% (6/40) 100% (51/51) Includes long-term follow-up
Mangano 91'5 60 230 3(5) 5% (1/22) 95% (19720) Managing physiciass blinded 1o scan result
Strawn 911 68 n/a 4(6) wa 1005 (2121)
Watters 9117 % 15(58) 342 0% (315) 100% (1111) Includes echo (TEE) studies
Hendel 921> k244 167 (51) 210y 14620 18Ty 99 (9796) Inctuded long-term follow-up
Lette 9212 355 161 (45) s SUlniny 9% (16062 Used quantitative scan index
Madsen '92:% 65 45(69) 5(8) 1i% (545) 100% (20720) ‘
Brown 9331 . p1J| 7(33) 12(5) 13% (107T) 9% (120121 Progrostic utility ¢shanoed by combined scan and
climical factors
Kresowik '93132 i 67(39) 5(3) 4% (367) 98% (64%65)
Baron "94/% 457 160 (35) 2(5) 4% (7/160) %% (195/203) Did not analyzc for cardiac deaths: no
NFM! only independent value of scan ‘
Bry "9414 37 110 (46) 17(7 H% (12110)  100% (97197) Cost-cffectiveness data incladed
Neavascalar surgeryt '
Camp s 40 9(23) 6(15) 67% (69) 100% (23723) Disbetes mellicus, reaal transplant
Igbal 911% 3 (4 34y 27%(3'1) 100% (20°20) Esercise 86%, diabetes meflstus. pancreas transplant
Coley 92'% 100 36(36) 409 8% (3736) 98% (63/64) Define clinical risk factons io paticats with knows or
suspecied CAD
Shaw 9213 © B(47) 6(10) 21% (6728) 100% (19719) . Used adenosine
Takase 93'% ] 15(28) 6(1) 7% (4il5) 100% (3232) Patients with docusenicd or unpeded CAD nd-d:
rest echocardsogram
Younis ‘W49 161 S0 (31) 15(9) 18% (9/50) 98% (87/89) intermediate- 10 high-risk CAD
Rd indicates redistribwtion; o°, sumber of p who und sergery; Mi, myocardial infar ioe; TEE, phageal cchacardiography. NFML, sonfatal
myocardial infarctios; 1, studies utilizing ph topic acdior isc thalilm testing.
Al studics except those by Coley'™ and Shaw'™ acquired paticst ink prospectively. Ouly i teports by Maagano'™ and Baros* were scan results blisded

from atiending physiciass.

Paticnts with fised defects were omiited from calculations of positive 20d segative prodictive value.

Nomexercise Stress Testing

.- The two main techniques used in preoperative evaluation

nois dobutamine) and to induce hyperemic respoeses by .
pharmacological vasodilators such 2s intravenous dipyridamole
or adenosine. The two most common methodologies presently
mmemdobmmmadmnhyaphymdmm

nous myocardial perfusion imaging. Adencsine
unlknbewdnsmakmmelodwndamokmm

‘Mnﬁam“

Sunimary of evidesce. Ammm)d i

u&;ﬁmmmmsmmwzsm~
tions describing the vse of dipyridamole thafliem stress testing

_in the preoperative evaluation of paticats before both vascaiar |

and wosvascalar surgery. These, publications are summariz,.J
m‘l'ﬁe7ndmchmeaﬁuamalof397m

identified using key words.® Included were mostly prospec-
patients undergoing vascular surgery. Cardiac-events in the
perioperitive period were defined, for the purpose of this
table, as only M1 or death from cardiac causcs, and informs-

_tion about events and scan results had to be avaitable. The
;mdmmmmam&um

by thalliem redistribution ‘ranged .from 3% to 9%. The
positive predictive value of thatlium redistribution rangod from
4% to 20% in reports that iscluded more than 100 paticats. In

'more recent publications, the 'positive predictive value of
- thallium imaging has been significantly decreased This is

pmbdalytehedmthefauthlumwdywsm

'mmﬁ-—eww«mumwd

Sielliv radiceoapes or Tadionmcide amaging with preoperative G of ek

hmcﬂﬁuﬁuz*duumcm*
anaﬁcdmwm
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Table 8. Smaly of Studies Emmmmg the Value of Dobuxamme Sm Echowdnography for Preoperauve
Assessment

Risk
" Ewas | T Predictive Vaboet
Patients With -~ MI/Death Criteria for . | Positive/MI ot
Asthor n*  Ischemia (%) (%) - Abnormal Test Death Negative Comments
Lane "91'97 38 50 3(8%) New WMA 16% (3/19) 100% (19/19)  Vascular and general surgery
Lalka 9214 60 50 9(15%)  New or worsening 23% (1130) 93% (28/30)  Multivariate analysis
Eichelberger 931 75 36 2(3%)  New or worsening % (27) 100% (48/48)  Managing physicians blinded to DSE
WMA results
Langan ‘93150 ™4 2% 3(4%)  New WMA or 17% (318) 1005 (56/56)
ECG changes
Poldermans 93195 131 5(4%)  New or worsening 14% (5735) 1057 (96/9)  Multivariate analysis; managing
WMA physicians blinded to DSE results
Divila Romén '93%t . 88 2(2%) New or worsening 1% (2120) 100% (68/68)  Included long-term foliow-up
Ml indi dial &f; ; WMA, wall motion ab lity; DSE, dob ine stress echocardiogram.

Nmberofpahcntswbouﬁemcmmgery
- $Numbers in pareatheses refer to mumber of patients/total in group.

information obtained is actively used to select patients: for
therapeutic interventions such as coronary revascularization as
well as to adjust perioperative medical treatment and moni-
toring and to select different surgical procedures. The negative
predictive vaiue of a normal scan remains uniformly high at
approximately 99% for M1 and/or cardiac death. Although the
risk of a perioperative cardiac event in patients with fixed defects
is higher than in patients with 2 normal scan, it is still significantly
lower than the risk in patients with thallium redistribution.

The néed for caution in routine screening with a dipyridam-
ole thalliom stress test of all patients before vascular surgery
hasbeenreoenﬂyn&dbyﬁamnetal.mlnthisreviewofﬁ?
ptesemcofdeﬁmteCADandagegwatcrtbanﬁSycamwerc
better predictors of ulrdnc complunms than perfusion
imaging.

lnsevemlpnblm(lombyﬂendeleta!,ml‘eneetal,manw
Brown et 21,131 the scoring or quantitation of scan abnormali-
tics had a significant impact on improving risk assessment and
positive predictive value. The data suggest that as the size of
use of techaiques to quantitate the extent of sbaormality will
probably improve the pesitive predictive nature of myocardial’
perfusion imaging and impact the potential role of imterven-
tions such as candiac catheterization and revascularization.
Although there are few published reports using adenosine’
myocardial perfusion imaging in the preoperative risk assess-
‘ment of paticnts before: noncardiac: surgery, its usefulness
appemmbeeqmnlemmﬂmofdwmhmok.AOCIAHA
'g\ndehnesmmmwforandmmmmd
“siress testing with myowdnal perfusing mgmg are
M_IQI .
‘Dolutamine stress

Summary of evidence. Sevemqu)mshavedoamwddn
accaracy of dobutamine stress echocardiography to identify
mmwwmmmw-w

The use of dobutamine stress echocardiography in preoperative
risk assessment was cvaluated in six studies, all published since
1991 and identified by a computerized search of the English
language literature (Table 8).!5347151 The populations in-
cluded predominantly, but not exclusively, patients undergoing
peripheral vascular surgical procedures. Only two studies
blmdedthephys;cmnsandsmgeomwbotreatedthepauems
to the 'dobutamine stress echocardiographic results.!%51# In
the remaining studies the results were used 'to influence

-preoperative managcment, particularly the decision whether or

not to proceed with coronary angiography or coronary revas--
cularization before elective surgery. Each study used similar, -
but not identical, protocols. The definition of a positive and
negative test result differed considerably, based on subjective::
analysis of regional wall motion; ie, worsening of preexisting
wall motion abnormalities was considered by some investiga-'
tors as a positive and by others as a negative finding. The end
points used to define clinical outcome varied and included both
“soft” (ie, arrhythmia, heart failure, and lsdncmu)and“hard"
(ie, MI or cardiac death) events: '

The data indicate that dobutamine stress echocardiography

ican be performed safely and with acceptable patient tolerance,
‘The range of positive test results was 23% to 50%. The
- predictive value of a positive test ranged from 17% to 43% for
" all events and 7% to 23% for hard events (MI or death). The
'pegative predictive value ranged from 93% to. 100%. In the
_'series by Poldermans et al,' the presence of a new wall
- motion abnonmality was a powerful determinant of an in-
{mmdmkﬁwpempetameevcmsaﬁermmamﬁem
., mént for diflerent clinical and
 Several studies suggest that the degree of wall motion abaor-
. mmmwﬂmwammmo{

variables.

umwmmmnmymﬂ‘

- Wmmwmwmmm



JACC Vol 27, No. 4 -
March 15, 1996:910-48

EAGLEETAL .~ 931

ACC/AHA "rAsx FORCE

Table 9. PredwuveVaIuedﬁeopemuwSTchnentCnmgesDemedbyAmbuhtomenomgmeempemmMyommlntm:mn

andCardncDmhAfterMa;oer!arSurm

" . Paticnts With Criteria for Perioperative Events
i Ab i Ab i Positive® Negative :
Aulhol" n Test (%) Test Test Test Event Commeots

Raby "895! 176 18 A 10% (3/32) 1% (1/144) DM 24-48 h during ambulatioa

Pasternack 89!62 200 » A 9% (1/78) 2% (2122) DM

Mangano '90%° 144 18 AB 4% (1/26) 4% (5/118) DM Immediately preop

Fleisher '92158 67 2% AB 13% (216) 4% (251) DM Inenediately proop

McPhail 931 100 34 A 15% (5/34) 6% (4466) DM

Kirwin "93t% 9% 9 A 1% (19) 16% (14787) DM Definition of M based on
enzymes only

Fleisher 95163 86 3 AB 10% (220} 3% (2466) DM Quantitative moBROTIng
pot predictive

A indicates =1 mm ST-segment depression; D, death; M1, miyocardial infarction; B, =2 mm ST-segment elevation.

*Positive predictive value for postoperative cardiac events.

intravenous dipyridamole myocardial perfusion imaging. Up-
dated ACC/AHA guidelines concerning the indications for and
interpretation of echocardiography (mcludmgstmsedlow
diography) will be published shortly.

Stress testing in the presence of left bundle branch block. The
sensitivity and specificity of exercise thallium scans in the
presence of left bundle branch block is reported to be 78% and
33%, respectively, and overall diagnostic accuracy varies from
36% to 60%.152153 In contrast, the use of vasodilators in such
patients has a sensitivity of 98%; a specificity of 84%, and a

diagnostic accuracy of 88% to 92%.!5+'%- Pharmacological .

stress testing with adenosine or dipyridamote is preferable to
dobutamine or exercise imaging in patients with precxisting

left ‘bundle branch block. The tachycardia. induced during -

exercseandanwewablyalsodumgmmmmﬁmnmy
resulf in reversible septal defecss even in the absence of left
anterior descending - artery disease in some patients. This
response is unusual with either dipyridamole. or adenosine
“stress testing. It stiould also be noted that exercise should: not
be combined with dipyridamole in such patients and that
synthetic catecholamines will also yield false-positive results.!s?,
Themfore,thepreopenuvecvahmmnofCADmpams
_with left-bundle branch block should be -performed ‘using
vasodﬂamrmandmowdnlperﬁzsmm
' Ambulatory Electrocardiographic Monitoring
Sumimary of evidence. 'lh:nseofpteopammambuhmy
B&mmwmmy&uxmm
risk of perioperative evenis in patients undergoing ‘major
noncardisc surgery was reviewed through a Modline search of
the English literature on preoperative and miyocardial ischemia
and sizgery from 1976 to September 1994. The predictive
m,umsrwmuum &mbulatory
for cardiac death or Ml in paticats under-

going vascular and nonvascular noacardiac sirgery has beey

reported by several imvestigators. The frequeacy of abuormal

ST-WWMEWMW‘;

mmmﬁ%(m%wmyﬂmmmm

aad negative predictive values for perioperative Ml and
cardisc death arc shown in Tabic 9. In two recest studics it

had a predictive value similar. to dipyridamole thallium imag-
ing)ﬁﬂ.llﬁ

Although the test has been shown io be predictive of
cardiac morbidity, there are scveral limitations. Differences in
the study ‘protocols (24 versus 48 hours, ambulatory versus
im-hospital) may account for the variability in the predictive
value of the test. Preoperative ambulatory electrocardiography
for ST-segment changes cannot be performed in a significant
percentage of patients because of baseline ECG clianges. The
test, as currently used, only provides a binary outcome and
therefore cannot further stratify the high-risk group i order to
identify the subset for whom coronary angiography should be
considered. 163

Recommendations: wisich te? In most ambulatory paticnts,
the test of choice is exercise EOG testing, which can both
provide an estimate of functional capacity and detect myocar-
dial ischemia through changes in the ECG 2nd bemodynamic

" response. In paticnis with mmportant abrormalities o their
mﬁmmmmvaxmmm
trophy. with strain patiern, digitalis effect, eic), other tech-
tiques such as exercise echocardiograplty or exercise myocar-
dial perfusion imaging should be considered.

In paticnts unable to perform adequate exercise, a nonex-
ercise siress test shovld be used. In this regard, dipyridamole
thallien testing aad dobutamine echocardiography are the
micst common. Intravenous dipyridamoie should be avoided in
paticnts with significant bronchospasm, critical carotid discase,

_ or paticats with a coadition that preveats their being with-
drawa from theophyliine preparations. Dobutamine shonld not
kwaammpmvﬂmam«
severe byperteasion or hypotension. For peticats in whom
quﬂys%bhmam
perfsion stndy is move appropriate. Soft tee attcanation caa
5o be a problem with nayocardinl perfission imaging. If there is

. an additional question abont valveiar dysfanction, the echocar-
diographic stress test is favoved. By sany instances, cither stress
perfusion or stress echocosdiopraphy i appropriste. In 8 mets-
aunlysis of dobutamine stress echoeandiography, ambulatory clec-
wocardiography, radiomnciide ventricwiography, asd dipyridan-
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vascular surgery, all ‘tests had a similar predictive value, with,
overlapping confidence intervals.'s The “expertise of the local, -

hboratnrymldennfymgadmdcmmaxydseasenspmbably
morenmpomntthauthepamhrtypeoftest. o
Currently the use ofambnhmryelectmxdiography as a
pleopel'ammshmﬂdberestm:edtmdemfymgpauemsfor
whom additional surveillance or medical intervention might be

beneficial. The current evidence does not support. the use of.

ambtﬂatmy electrocardiography as the only d:agmsﬂc test to
refer patients for coronary angjography. -

For certain paticnts at high risk, it may be appropriate to
proceed with coronary angiography rather than perform a
noninvasive test. For example, preoperative consultation may
identify patients with unstable angina or evidence for residual
ischemia following recent MI for whom coronary angiography
is indicated. In general, indications for preoperative coronary
angiography are similar to those identified for the nonopera-
tive setting. Table 4 provides a summary of indications for
preoperative coronary angiography in patients being evaluated
before noncardiac surgery. These are adapted from the ACC/
AHA guidelines for coronary angiogr: ohy published in 1987.3

VL. Implications of Risk Assessment
Strategies on Costs

The decision to recommend further noninvasive or invasive
testing for the individual patient being considered for noncardiac
surgery ultimately becomes a balancing act between the estimated
probabilities of effectiveness versus risk. The proposed benefit, of
course, is the possibility of identifying advanced but relatively
mnsuspected CAD that might result in significant cardiac morbid-
ity or mortality cither perioperatively or long term. In the process
of further screening and treatment, the risks from the tests and

tieatments themselves may offset or. even exceed the potential -
benefit of evaluation. Furthermore,. the cost of screening and -

treatment strategies must be considered.

The medical literature is helpful in defining the risk versus

effectiveness in patients being considered for surgery. As noted

within the previous 5. years and po recurrent ischemic symp-
toms are at such low risk for perioperative complications that
further screening is- unnecessary. Furthermore, absence of
' certain clinical markers defines a low-risk group that is unlikely
to require farther.screening. This fact is true for patients who

have an absence of prior angina, MI, CHF, pathological Q

waves on ECG, or diabetes mellitus, particularly with excellent
ornomalﬁmdmalapwty(‘l‘ablel Fig 1). In the remain-
ing patients who have some increased markers of coronary

artery risk, particularly when coupled with poor o unknown
functional capacity, the issue of screcaing is especially relevant

and difficult. Depending on referral patterns, the percentage of
mmmhm&cmmmm
pasticalar clinical category can vary greatly. :

.~ Cambria et al*® have reparted their experience using a
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ment of this stralegy in 201 consecutive patients being consid-
ered for aortic surgery is presented in Fig 2. In this series, only
58 (29%) of patlents considered for aortic repair underwent
further noninvasive testing with exercise and/or dipyridamole
thallium study. Sixteen patients (8¢) were referred for cardiac '
catheterization, with preoperative coronary revascularization
performed  in 13 (6.5%). This selected use of noninvasive
testing and very selected use of revascularization resulted in an
overall perioperative cardiac mortality of just 0.5%.
To illustrate the cost implications of noninvasive testing and
its potential cost-effectiveness, information from the Medicare
databases was applied to the series by Cambria et al in Fig 2.
If a cost of $567 per nuclear stress test is assumed, the
accumulated costs of the selective screening of 58 patients is

"-$32 886. In contrast, the cost of screening all 201 patients

would have been $113 967, a net increase of $81 081 over
selective screening. Based on an annual incidence of 5G0 600
major vascular surgical procedures in the United States, selec-
tive testing could result in a savings of more than $200 miltion,
compared with a policy of routine testing. If the accumulated
costs of the tests and coronary interventions are taken into
account, the overall cost of using this particular -selected
screening strategy in the 201 .patients was approximately
$590 206, or $2936 per patient.

As described previously, there are no randomized trials
demonstrating the efficacy of screening and coronary interven-
tions versus vascular surgery only. However, the low mortality
reported by Cambria ¢t al and others in patients who had
undergone coronary revascularization suggests that such strat-
cgies improve survival. Using the Cambria data set as an
example and assuming only one life was saved as a result of this
strategy, the strategy would be at the expensive end of medical
cost-effectiveness. If long-term benefits are considered and this

- patient lived 10 years, this strategy would have cost $59 020 per

year of life saved (ignoting other subsequent costs). I -the
screening strategy was more successful, perhaps resulting in
twolivessaved,mecostperyearoflifesavedwouldhavebeen
$29510, a figure that is much more consistent with other
currently accepied medical therapies. Importantly, many of
these costs would likely be incurred at some point regardiess of
consideration for vascular surgery. In addition, Rihal et al'

. demonstrated a long-term survival benefit of coronary artery

bypass grafting in paticnts with the combination of peripheral
vascular disease and triple-vessel CAD. Therefore, by includ-
ing both short- and long-term benefits, such a strategy might
prove to be cost-effective.

Formal decision and cost-cffectivencss analyses of . this
particular question have been done and have yielded highly
varied Tesults.!3167199 " Becaune the exact amount of risk
reduction from coronary revascularization and the dlinical

. populations differs so much from center to center, it is difficult

10 determine the exact risks ‘of aggressive screening and
treatments versus the benefits in terms of risk reduction.
Additionally, the models all demonstrate that optimal strategy
depends on the mortality rates for both cardiac and noncardiac

 surgerics in the clinically relevant range. One recent model,
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Progression of Clinical Care Cost per Test or Procedure Algorithm Siep in Total for
7 ‘ ‘ ﬁmgﬂ Screening/Tresting 201 Patlents
201 consecutive patients .
7 di and/o' | Nuciear stress testing :
. r ' 2 886
. ( codes78465and93015) s :
$457 + 110 = $567*
58pahems(29%)
* .
mma"d Caldecwmetenzabon $27 600
coronary angiography without angioplasty or bypass surgery
16 patients (8%) $92002
PTCA: 2 patients 6.5% $217603 $43 520
CABG: 11 patients €.5%) Cardiac cathewrization with CABG
] $44 2004 $486 200
Total perioperative cardiac
1 patient (0. 5%) $590 206

Fig 2. Cost assessment of a screcning strategy for major vascular surgery patients. '1993 Medicare average allowed charges. global ‘ce& ‘\lethfe

1992 claims data from insurance

pool. Statistical Bulletin. Janpary-March 1994:23. *Metlife. 1992 claims data from insurance pool. Sunssical

Bulletin. January-March 1994;10. “Metlife. 1992 claims data from insurance pool. Statistical Bulletin. January-March 1994;15. CPT indicates Current
PmcedumlTemmobgyPTCA,pctmmmusmhmmaloomnarymgwplasxyCABG coronary artery bypass surgery.

which did not support a strategy incorporating coronary an-
giography and revascularization, used lower mortality rates
than those used or reported in the other studies.' 14169
Therefore, use of any decision and cost-effectiveness model in
a specific situation depends on the comparability of local
_mortality rates to those of the model.

Fig 2 is meant to illustrate the potential costs versus
effectiveness of one such screening strategy. It is vitally impor-
tant for the clinician to consider the cost implications of
screening strategies, particularly in a field in which there are no
randomized clinical trials cvalualing the impact of therapies on
outcomes.

. VIL PreopenltiveTherapy
Rationale far Surgical Coronary Revascularization
and Summary of Evidence
FPreoperative Coronary. Arsery Bypass Sargery

As noted, no good randomized or controlled trials have
asséssed the overall benefit of prophylactic corunary bypass
surgery 0 lower perioperative cardiac risk- of noncardiac
surgery. On-the other hand, a number of retrospective studies
have demonstrated that patients who previously have success:
fully undergone coronary. bypass have 'a low perioperative
mortality rate in association with noncardiac procedures’ and
that their mortality rate is comparable to the surgical risk for
other patients who have no dlinical indications of CAD.} ™17

Foster et al* reviewed 1600 patients who had been enrolied

in the CASS registry from 1978 to 1981 and eventually
underwent major noucardiac operations, 113 (75¢) of which
were vascular procedures. The study group included 399
patients without angiographic evidence of advanced CAD
(group 1), 743 paticats who had prior coronary bypass grafting
before noncardiac procedures (group 2), and 458 patients who
had significant angiographic CAD (0% luminal stenosis) but
no prior bypass surgery (group 3). The operative mortality
rates for noncardiac procedures in these three groups were
0.5%. 0.9%%, and 2.4%, respectively. and no group differences
were noted in the incidence of perioperative MI or cardiac
arthythmias. The operative mortality rate in group 3 was
significantly higher (P=.009) than in cither of the other two
groups, but this ‘report- does not mdudcanyang)ogaphc
stratification of coronary risk within group 3 itself. Therefore,
the perioperative mortality of 2.4% probably underestimates
subsequemwrg:calmkmpamnswhohduﬂnpb-vmlm
surgically incorrectable CAD while overestimating it in other.
paticnts who did not yet meet standard criteria for coronary

 bypass grafting. In 1984 the results of preoperative coronary

uwpﬁymmcdmah:mumd!(ﬂl paticots
under consideration for elective vascular surgical procedures
at the Cleveland Gm"‘ScwreCADthlmmmnmy
indications for coronary bypass surgery at that time was
dentified by routiec coronary angiography in 251 paticnts,
mmlm(y%)dsgmmmma
CADMS(Il%)o(«opumwmmm
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tations of CAD (P<.001). Of these, 216 underwent coronary
bypass surgery (before vascular surgery) with a related mottal-
ity rate of 5.3% followed by a mortality rate of 15% for
vascular surgery. Openmve ‘deaths with vascular. surgery oc-
curred in 1 (1.4%) of 74 patients’ with normal coronary
arteries, in 5 (1.8%) of 278 with mild to moderate CAD, in
9 (3:6%) of 250 with advanced but compensated CAD, and
in 6 (14%) of 44 with severe, uncorrected, or mbperable
CAD.!5 Studies such as these have generated interest in the

possible protective inflience: of coronary bypass surgery on
subsequent surgical risk, even though interpretation of most
retrospective studies 'is limited by failure ‘to define the @

-criteria, for nonfatal Mls and to indicate whether or not
serial ECGs and cardiac enzymes were obtained periopera-
tively.

In attempting to balance the potential risks versus benefits
ofcomnaryartetyhypasgmfnng(CABG\beforenonmduac
surgery, the additional short-term risks and long-term benefits
should be understood. Long-term benefits of such strategies
were not incorporated into two recent decision models. 681 If
the long-term benefits were included, the value of preoperative
coronary revascularization would be increased. For instance,
the European Coronary Surgery Study Group!™ has reported
interesting findings in a small subset of 58 patients with
peripheral vascular disease within a much larger series of 768
. men who weére randomly assigned to receive either coronary
bypass surgery or medical management for angina pectoris.
While the presence of incidental peripheral vascular disease
was associated with reductions in the 8-year survival rates for
emlersxrglmlormedmlmanagemenlo(CAD its influence
was especially unfavorable in patients who received medical
therapy alone. That. is, the long-term survival rate was 85%
following coronary bypass surgery, compared with 57% for
nonsurgical treatment (P=02). Rihal and colleagues'® have
recemtly reported similar findings in more than 2000 paticats
enrolled.in the CASS study. If medical therapy is compared
with coronary. bypass surgery in patients with both coronary
_heart disease and peripheral vascular disease, surgically
treated potients with three-vessel disease had - significantly
adjusting for all covariates, including clinical measures’ of
tion. In the study at the Cleveland Clinic Foundation, the
cumulative S-year survival rate for the 216 patients receiving

corosary bypass was 72% (81% in nondiabetic men), com- -

pared with 43%(P=.001) for 35 paticnts in whom coronary

bypess also was indicated' but never. performed.!?17? Fatal

ardmcemnwunedwﬂhm;mno“.ﬁyumnlz%and
h%%oﬂhesemmbsm.respecﬁvdy(?zoﬂn‘hmlalcr
studies dlustrate the imporiance of both perioperative and

long-term cardiac risk when considering whether or not to
mwﬁmndmwybymsmgeth&nemdmm- :

mended by the AOCC/AHA Task Force and the accomulated
data on which those conclusions were based.!™ Examples
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includé patients with - the following conditions: acceptable
coronary revascularization risk and suitable viable myocardium
with Ieft main stenosis, three-vessel CAD in conjunction with
left-ventricular dysfuniction, two-vessel disease involving severe
proximal left anterior descending artery obstruction, and in-

tractable coronary ischemia despite maximal miedical therapy.

In patients in whom coronary revasculanzatlon is indicated,
timing of the procedure depends on the urgemcy of the.
noncardiac surgical procedure balanced against stability of the
underlying CAD. The decision to perform revascularization on
a patient before noncardiac surgery to “get them through” the
noncardiac procedure is appropriate only-in‘a small subset of
very high-risk patients. Patients. undergoing eléctive noncar-
diac procedures who are found to have prognostic high-risk
coronary anatomy and in whom' long-term outcome would
likely be improved by .coronary bypass grafting,!” should
generally undergo revascularization before a noncardiac elec-
tive surgical procedure of high or intermediate risk (Table 3).
Preoperative Coronary Angioplasty

Summary of evidence. At present no randomized clinical
trials have documented whether or not prophylactic coronary
revascularization with angioplasty before noncardiac surgery
reduces the incidence of perioperative cardiac events. 3everal
fetrospective- series, however, have been reported. In a 50-
patient series reported from Mayo Clinic,'™ coronary angio-

+ - plasty was performed before noncardiac surgery (52% vascular

procedures) in patients at high risk for perioperative complica-
m(&%weredmﬁadhlgherﬂmnCanadem(lassllL
"% had multivessel disease, and all had abnormal noninvasive
tests). Ten percent required urgent coronary bypass surgery after
angioplasty. The noncardiac procedure was performed a median
of 9 days after percutzncous transluminal coronary angioplasty
(PTCA), the perioperative M1 rate was 5.6%, and the mortality

-rate 1.9%. Whether or not this result differs from what might have

occurred without PTCA is uncertain.
Elmore et al'® compared the results of preoperative coro-

' ‘nary angioplasty and coronary bypass surgery in patients

identified for elective abdominal aortic. aneurysmorrhaphy.
This stud, r- ospectively analyzed the records of 2452 patients
who underwent abdominal aortic surgery between 1980 and

-1990. Orly. 100 (4.1%) had revascularization before aortic

surgery, and 95% of these had symptomatic CAD. Eighty-six
had coronary bypass surgery and 14 had angioplasty. There
werenopemperauvedeamsmthlsgtmpatthenmeofaomc
surgery; compared with 2.9% perioperative mortality for the
entire group (n=2452). The patients having angioplasty had
significantly more one- and two-vesse! discase and less three-
vessel disease than did the bypass group. Late cardiac events
were more ‘frequent in' the angioplasty group. The 'small
numbers in the angioplasty group and the retrospective anal-
ysis over a long period of time make interpretation of the
results of this study dificult. It appears, bowever, that candidates
for elective abdominal aortic ancurysmorrhaphy with symptom-

;.. atic disease (CAD) h:ve a low operative mortality when revasos-
,‘kumsmﬁmmemmwmw«
lbypmﬂfw
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Table 10. Perioperative Prophylactic Anti-Ischemic Medications and Cardiac Morbidity
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Tschemia” ML

Author Procedure n Control Drug Control Drug Control Drug
) Nitroglycerin .
Coriat 86+ Carotid endarterectomy 45 0.3 pgkg/min 1.0 pgkg min 22 423 02 . 0237
: Nitroglycerin Nitroghycerin
intraoperatively
Dodds '931% Noncardiac 45 Placebo 09 pg/kg/min 722 B /) 12 023
Nitroglycerin
. intraope;aivety
Calcium channel blockers
Godet 8715 Vascular k(] Placebo 3 ugkg/min HEE] 815 %15 015
: Diltiazem
‘ intraoperatively
B-adren: rgic blockers
Pasternack ‘7% Abdominal aortic aney- 83 Case-controf 50 mg PO @8] 132
rysmorthaphy Metoprole' (17.6%) (3.1%)
preoperatively
Pasternack '89° Vascular 200 Unblinded 50 mg PO 08-156 1.8-32°
preoperatively i
Stone ‘88 Noncardiac 128 Placebo Labetaio 139 289 w39 089
Mild hypertension Atenolol (28%¢) (27%)
Ofprenolol
PO
Preoperatively
M! indicates myocardial infarction.
*Myocardial ischemia.

+P<.05 for drug versus control.

Aiien ¢t al'® performed a retrospeciive analysis of 148
patients who underwent angioplasty before noncardiac surgery
(abdominal 35%, vascular 33%, and orthopedic 13%). Surgery
occurred within 90 days after angioplasty in 72. There were
four operative deaths (one cardiac), and 16 patients experi-
enced cardiac complications during the noncardiac surgery.
Cardiac complicationis were more common: in . patients older
than 60 years. Little information can be gleaned from this small
retmspectivesmdyexoepnomthelowimidenceofmrdix
death in patients who had coronary ang;oplasty sometime
before their noncardiac surgery.

Given these limited data, the role of prophylactic preopes-
ative coronary angioplasty in reducing untoward perioperative
cardiac complications remains incompletely defined. Until

further data are available, the indications for PTCA in the

perioperative setting are identical to-those developed by the
joint ACC/AHA Task Force pmv:dmg guldchnes for the use of
PTCA in general. '
Fotpauemswhohaveunderganszmcsmlmmnaryan—
giopiasty just before proposed noncardiac surgery, there is
noncardiac procedure is performed. Delaying noncardiac sur-
gery for more than | to 2 months would lead to a greater
chance of coronasy restenosis at the angioplasty site and thus

theoretically increase the chances of perioperative ischemia or

M. At the other extreme, arterial recoil and/or acute throm-
bosis at the site of PTCA is most likely to ocour withia hours to-

;lmZdaysaﬁetoumaxymophﬂy mdmulreuuid-g

‘hypertension who had predominantly

takes placc for several weeks after the procedure. It would
theoretically be reasonable to delay elective noncardiac sur-
gery for at least several days to allow for coronary plaque
and/or myocardial stabilization. Unfortunately, there have
been no prospective studies to determine what the optimal
period of delay should be. Similarty, there is little evidence 1o
shon. how loag more distant PTCA (eg; months to years before
noncardiac surgery) profects against perioperative MI or
death. Since coronary restenosis is unlikely to occur more than
6 months after PTCA, it is reasonable to expect ongoing
tions in asymptomatic, active paticats who had prior-complete
percutancous coronary revascularization 6 months to' 5 years
prtvi(nxsly7 ~

Meda?ml?hmpy
Sn-uryofﬁn&au
Fwnndommedmalshm:enmmedtbempaaofm

‘cal therapy given just before surgery on reducing ‘cardiac

events, and all are single-center triaks with relatively small
numbers. These few studies have evahiated f-blockers, nitro-
gycerin, and the calcium chamnel biocker diltiazem (Table 10).

Three limited studies have examised the wse of periopera-
tive B-blockers. Stone et a5 gave oral B-blockers 2 howrs
before surgesy to. a randomized group of patients with mild
(58%) vascular surgery.
Comdmm:hgham(M)dﬂw
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depression than treated patients (2%): In a nonrandomized
study, Pasternack8 gave oral metoprolol immediately before
surgery and followed with intravenous drug during abdommal
aortic aneurysm repair. Only 3% suffered an acute M1, com-
pared with 18% for matched controls. In a later report the
same author reported less intraoperative ischemia in patients
treated with oral metoprolol before peripheral  vascular

8 , L

There has been only one study examining the role of
calcium channel blockers in this situation. The study was too
small to allow definitive conclusions (Table 10).

The use of nitrates is discussed in the section on’intraop-
crative management.

There are very few randomized trials of medical therapy
before- noncardiac surgery to. prevent perioperative cardiac
complications, and they do ‘not provide enough data from
which to-draw firm conclusions or recommendations. Prelimi-
nary studies, however, suggest that appropriately administered
B-blockers reduce perioperative ischemia and may ultimately

be shown to reduce risk of MI and death. Clearly, this is an

area where further research would be valuable.

Perioperative Therapy With B-Blockers

. Class I. B-blockers required in the recent past to control

symiptoms of angma or patients with symptomatic arrhythmias

or hypertension.

"' Class I Preoperative assessment identifies untreated hy-

-pertension, known coronary disease, or major factors for
Class 1. Contraindication to B-blockade.

Valve Surgery

There is little information about the appropriateness of
‘valvular repair or replacement before a noncardiac surgical
procedure is undertaken. Clinical experience indicates that
patients with valvular heart disease severe enough to warrant
surgical treatment should have vaive surgery before elective
noncardiac surgery. Recently it has becn suggested that pa-
tients with severe mitral or aortic stenosis who require urgent
meardmmrgety,ﬂmhasmtesumlresemonforlesm

causing setious gastrointestinal bleeding, may benefit from

-catheter balloon valvaloplasty at least as a témporizing step

to reduce the operative risk' of noncardiac surgery.isss .

Unfortunately, there are no controlled studies; and the risks
of balloon ‘aortic valvuloplasty in older patients are
significant. "

" Experience with managing valvular ‘heart disease during
labor and delivery provides insights into the approach to
management of the patient for noncardiac surgery. The vast
majority of women with regurgitant valvular heart disease can
be managed medically during the course of pregnancy, includ-
‘inglalxxamldelivcry,bemmcﬂledeaminper‘mhcral
vascular resistance that occurs with pregnancy teeds to de-

‘crease regurgitant lesions.’® Increased arterial impedance is -
mtweilmbmadmpamwuhmncmdmmalmgurpm- :
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tion. Therefore, increases in blood: pressure should be pre--

verted, and left ventncular afterload should be optlmxzed with

vasodilators. In contrast, patients with significant aortic or’
mitral stenosis often do not do well with the increased hemo-
dynamic burden of pregnancy. If the stenosis is severe, percu-

. taneous, catheter balloon valvotomy should be considered as
. definitive therapy or as a bridge to carry the patient through

;-egnancy, labor, and surgical delivery. Excessive changes in
mtravascular volume should be avo:ded (sce also section 111,
“Valvular Heart Disease”).

Arrhythmia/Conduction/Device

In the perioperative setting, cardiac arrhythmias or condic-
tion  disturbances often reflect the presence of underlying
cardiopulmonary disease, drug toxicity, or metabolic derange-
ments. In patients with documented hemodynamically signifi-
cant and/or symptomatic arrhythmias, ambulatory ECG mon-
itoring or specialized electrophysiological studies of the heart
with guided drug therapy may be indicated to reduce recur-
rences of arrhythmias. %0191 Supraventricular arrhythmias may
require either electrical or pharmacological cardioversion if
they produce symptoms or hemodynamic compromise. If car-
dioversion is not possible, satisfactory heart rate control should
be accomplished with oral or intravenous digitalis, B-
adrenergic blockers, or calciuin channel blockers. In patients
with atrial fibrillation who are on oral anticoagulation therapy,
it may be necessary to discontinue the anticoagulant several
days before surgery. If time does not allow and it is important
that the patient not be on anticoagulants, the effect of warfarin
can. be reversed by parenteral vitamin K or fresh frozen
plasma.* Ventricular arrhythmias, whether simple premature
ventricular contractions, complex ventricular ectopy, or non-
sustained ventricular tachyca:dla, usually do not. require ther-'
apy except in the presence of ongoing or threatened myocar- -
dial ischemia or moderate 10 severe left ventricular dysfunction
in which such arrhythmias represent a significant risk factor.
Sustained or symptomatic ventricular tachycardia should be
suppressed preoperatively with intravenous lidocaine or pro-
cainamide. The indications for temporary pacemakers are
almost identical to those previously stated for. long-term per-
manent cardiac pacing.!% Patients with intraventricular con-
duction delays, bifascicular block (nghl bundle -branch block
with left anterior or posterior hemiblock), or feft bundle

~ branch block with or without first degree atrioventricular block

do not require temporary pacemaker implantation in' the
absence of a history of syncope of more advanced atrioven-

“tricular block.” Permanent pacemakers may need to be:

checked for end-of-life indicators and programmed to Verify
normal function and ‘the patient’s level of pacemaker depen-

‘dency. 'In patients- who' are totally pacemaker dependent,

clectrocautery poses a special problem and should be used only

 briefly, with the indifferent pole placed as far away from the
- pacemaker ' and heart’ as possible. In pacemaker-dependent
* patients, use of bipolar pacing will miniize the risk of use of
electrocautery. Also, converting the pacemaker o an uninhib-
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‘ited mode such as AOO, VOO, or DOO with programming or

a magnet prevents unwanted inhibition of pacing. Implanted
defibrillators or “antitachycardia devices should be pro-
grammed Off immediately before surgery and then On ‘again
postoperatively to prevent unwanted discharge due to spurious
signals that the device might mterpre! as ventricular tachycar-
dia or “fibrillation.

Preoperative Intensive Care

General Considerations

Prcoperative invasive monitoring in an intensive care set-
ting can be used.to optimize and even augment oxygen delivery
in paticnts at high risk. It has been proposed that indexes
derived from the pulmonary artery catheter and invasive blood
pressure monitoring can be used to maximize oxygen delivery,
which will lead to a reduction in organ dysfunction.
Samunary of Evidence

Only one study has prospectively evaluated the efficacy of
preoperative pulmonary artery catheter utilization and optimi-
zation of hemodynamics in a randomized trial with cardiac
complications as a major outcome. Eighty-nine patients under-
going infrainguinal arterial bypass procedures were randomly
assigned to groups that received a pulmonary. artery catheter
and (1) p=. perative optimization overnight in the intensive
care unit, (2) for 3 hours preoperatively by the anesthesia care
team, or (3) intraoperative monitoring based solely on clinicai
indications.'® When MI or nonarrhythmogenic cardiac death
was used as the outcome, no significant differences were
demonstrated.
Recommendations

- Based on the scant evidence, preoperative pieparation in an

intensive care unit may benefit ‘certain’ high-risk patients, -

particularly those with decompensated CHF. Prepalanon of
such patients should occur under close supervision.

Venothromboembolism/Peripheral Arterial Disease
Two peripheral vascular disorders that merit atiention
preoperatively are venous thromboembolism ‘and, in the el
deriy chronic occlusive peripheral arterial disease. :
Prophylactic measures need to be planned aid in some
ms&ss(anedpwopemuvely for persons with clinical circum-
stances associated with postoperative venous thromboembo-

llsm‘lhesemnelalcsofthmmboembohcmkpdmad-‘

operations involving the abdomen. pelvis, or lower extremi-

ties); obesity; varicose veins; CHF; ML stroke; fractuses of the
pelvis, hip or leg; congenital or acquired abetvations in hemo-
static mechanisms (hiypercoagulable states), and, possibly, high-

dose estrogen use -as determined by the recent consensus |
conference of the American College of Chest Physicians.!*
The choice of prophylactic measare or agest—graded com-

‘Ww@mmmmumamﬁ

pression elasi ic stockings, low-dose subcutaneous heparin, low

mmmmmum,
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pneumatic compression—will depend on the risk of venous
thromboembolism and the type of surgery planned. Table 11
provides recently published recommendations for various
types of surgical procedures. 141

The noninvasive tecluuques—impedance ple(hysmogmphy
and real-time compression ultrasonography-—are effective ob-
jective tests to exclude clinically suspected deep venous throm-
bosis and are best used for this purpose.’*”'** Routine screen-
ing of all postoperative patients with a noninvasive technique is
not as cost-effective or efficient as appropriate antithrombotic
nrophylaxis for moderate- and high-risk patients. /1%

The prevalence of chronic .occlusive peripheral arterial
disease rises with increasing age. affecting more than' 105% of
the general population older than 65 vears™ and as many
as half of persons with CAD.*" Protection of the limbs
from trauma during and after surgery is as important for those
with asymptomatic arterial disease as for those with
claudication.

VIII. Auesthetic Considerations and
Intraoperative Management

The pathophysiclogical events that occur with the trauma of
surgery and the perioperative administration of anesthetic and
pain-relieving drugs often affect the physiology of cardisc
function and dysfunction to great degrees. Specific integration
of these changes with the consultative evaluation is a field uaio
itsel{ and beyond the scope of these guidelines. The informa-
tion provided by the cardiovascular consultant needs to be
imcgrated by the anesthesiologist, surgeon, and posloperative
caregivers in preparing an individualized perioperative
management pian.

There are many dxﬁernvn appmaches to the details of the'
anesthetic care of the cardiac patient. Each has implications
regarding anesthetic and intraoperative monitoring. In addi-
tion, no study has clearly demonstrated a change in outoome
from the use of the following technigues: 2 pulmmaty artery
catheter, ST-segment mongtor, transesophageal
phy (TEE), or intravenous nitroghycerin. Therefore. the choice of
ancsthetkc and intraoperative moniturs &5 best left to the discre-
tion of the anesthesia care team. Intraoperative management may

- be ‘influenced by the ' perioperative plan, mduding need - for

postoperative moniors, ventilarion, and postoperative analgesia.
mamdnuemﬁbehed:plmedm
will allow for a smooth transition chmugh the puwpum'

pemd.

ChotceofAnmhmc TechmquzandAgau
Mmmmwmmmdm

drugs and techniques on. cardiac morbidity. In large-scale

studies of unselected patieats, coexisting discase and surgical

procedure arc the most important determintants of outcome. ™
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‘l‘aﬂé 11. General Guidelines for Perioperative Prophylaxls for Venous Thromboembolism*

Type of Patient/Surgery " Recommendation
Minor surgery in a paneul <40 years old with no corrclales of Early ambulation.
Moderate-risk surgery in a patient >40 years old wnh no ES: LDH (2 h preop:ratively and every 12 h after), or IPC (mtraoperatwe)y and
correlates of thromboembolism risk . postoperatively),
Major surgery in a panen! >40 years 0 old vmh clmml LDH (every 8 h) or LMWH. IPC if prone to wound bleeding.
conditions iated with venous. th nisk

Veryhgb—rﬁsmgerymapauemwuhmmupk clinical
conditions iated with thromboembotism risk

LDH, LMWH, or dextran combined with 1PC. In sclected paucms. perioperative
warfarin (INR 2.0- 3.0) may be used.

Total hip replacement LMWH (postoperative, subcutanieous twice daily, fixed dose unmonitored) or warfarin
. (INR 2.0-3.0. started preoperatively or i diately after surgery) or adjusted dose
unfractionated heparin (started preoperatively). ES or IPC may provide additional
! . efficacy.
Total knee replacement LMWH (postoperative, subcutaneous. twice dally fixed dose unmonitored) or IPC.
Hip fracture surgery LMWH (preoperative, subcutaneous, fixed dose unmonitored) or warfarin (INR 2.0-
: 3.0). IPC may provide additional benefit.
Intracranial acurosurgery IPC with or without ES. Consider addition of LDH in high-risk patients.

Acute spinal cord injury with lower-extremity paralysis

Adjusted dose heparin or LMWH for prophylaxis. Warfarin may also be effective.

LDH, ES, and IPC may have benefit when used together.

Patients with multiple trauma

1PC, warfarin, or LMWH when feasible, serial surveillance with duplex
ultrasonography may be useful. In selected very high-risk patients. consider prophylac-

tic caval filter.

ES indicates graded compression elastic stockings; 1LDH, low-dose subcusaneous heparin; IPC. intermittent prcumatic compression; LMWH, fow molecular weight

heparin.
*Developed from Clagent et al.’™
#Clinical conditions associated with increased risk of venous thromb

bolism: ady

d age; prolonged immobility or paralysis; previous venous thromb

‘bolism; malignancy; major surgery of abdomen. pelvis, of lower extremity; obesity; varicose veins; congestive hean failure; myocardlal infarction; stroke; fracture(s) of

thepciv&hq)mkg;hypaomgma!ﬂemandposiblyhlghmesm;genuse

perioperative plan. Opioid»based anesthetics have become
‘popular because of the cardiovascular stability associated with
their use. The use of high doses, however, is associated with the
need for postoperative ventilation. Since weaning fromi the
ventilator in an intensive care setting has been associated with
myocardial ischemia, this feature is lmponam in the overall
risk-benefit equation.

All inhalational agents have cardiovascular eﬁecls, includ-
ing depression of myocardial contractility and afterload reduc-
tion, their similarities being greater than their differences. The
choice of agent among the three most common agents—

halothane, enflurane, and isoffurane—did not influcnce out- -

come in randomized trials.”® The cardiovascular safety of the
neweragents,desﬂumeandscmﬁume is not as well
established.
Nwranalaneslhenctechmquesmdudespmalandemduml
approaches. Both techniques can result in. sympathetic. block-
ade, resulting in decreases in both preload and afterioad. The
decision 1o use neuraxial anesthesia for the high-risk cardiac
putient may be influenced by the dermatomal level of the
surgical procedure. Infrainguinal procedures can be performed

under spinal or epidaral anesthesia with minimal hemodynam-

ic changes if nevraxial blockade is limited to those der-
matomes. Abdominal procedures can also be performed using
neyraxial techniques; bowever, high dermatomal levels of
significz~t hemodynamic cfiects. High dermatomal levels can
posentially . result. in- hypotension and refiex tachycardia ‘if

preload becomes .ompromised or blockade of the cardioaccel-
€TAI0rs OCCurs.

Monitored anesthesia care by an anesthesia caregiver in-
cludes the use of local anesthesia supplemented with intrave-
nous sedation/analgesia and is believed by some to be associ-
ated with the greatest marginal safety. In a large-scale study,
however, monitored anesthesia care was associated with the
highest incidence of 30-day mortality.? This finding may
reflect a strong selection bias in which the patients with
significant coexisting disease were selected, for surgery with
monitored anesthesia care rather than other anesthetic tech-
niques. Although this technique can eliminate some. of the

undesirable effects of general or neuraxial anesthesia, it pro-
vides poor blockade of the stress response unless: the local

anesthetic provides profound anesthesia of the affected area. If

the local anesthetic block is less than satisfactory or cannot be.

used ‘at all, monitored anesthesia care could result in an

increased .incidence of myocardial ischemia and cardiac- dys-
~ﬁmmoncomparedwnhgeneml0treglmalamsthwa.To
* achieve the desired eflect, excess sedation can occur. There-

fore, there may be no significant difference in overall safety

-with monitored anesthesta care, andgencml or rcgmnal anes-

thmmaybeprefemble

Perioperative Pain Managemem

,metheardiacpempecﬁve.painmm@mmtmybca
amlaspeao(pempcmtwecaremdwm;wtyof
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cardiac events in noncardiac surgical patients occur postoper-

“atively, the postoperative period may be the time during which
ablation of stress, adverse hemodynamics, and hypercoagu-
lable responses is most critical. Although no Tandomized,
controled study specifically addressing analgesic regimens has
demonstrated . improvement in- outcome, panent-comrolled
‘analgesia techniques are associated with greater patient satis-
faction and lower pain scores. Epidural or spinal opiates are
becoming more popular and have several theoretic advantages.
Several studies have evaluated general anesthesia/intravenous
analgesia compared with epidural or epidurai coicbined with
genera! anesthesia/epidural - analgesia. The patien.s having
epidural anesthesia/analgesia have demonstrated lower opiate
dosages, better ablation of the catecholamine response, and a
less hypercoagulable state. in one study of patients undergoing
lower extremity vascular bypass procedures, the use of epidural
anesthesia/analgesia was assnciated with a lower incidence of
cardiac morbidity; however, this finding was not confirmed in
another study.25207 Most important, an effective analgesic (ie,
one that blunts the stress response) regimen must be included in
the perioperative plan.

Intraoperative Nitroglycerin
General Considerations

Nitroglycerin has been shown to reverse myocardial isch-
emia intraoperatively. Intraoperative prophylactic use of nitro-
glycerin in patients at high risk may have no effects, howzver,
or may actually lead to cardiovascular decompensation
through decreases in preload. Additionally, nitroglycerin paste
or paich may have uneven absorption intraoperatively. Ac-
cordingly nitroglycerin should usually be administered in the
intravenous formulation, if required.

The venodilating and arterial dilating effects of nitroglycer-
in -are mimicked by some anesthetic- agents, so that the
combination of agents may lead to significant hypotension and
myocardial ischémia. Therefore, nitroglycerin shouid be used
only when the hemodynamic effects of other agents bemg used
arc considered.

Suminary of Evidence

Fourcmtmlledstudleshavcevaluatedthevahmofpro-
phylactic nitroglvcerin infusions for high-risk patients, includ-
ing two studies in noncardiac surgery patients (Table

11).183.15420820% Only one study, performed in patients with

stable  angina ‘undergoing carotid endarterectomy, demou-

strated a reduced incidence of intraoperative myocardial isch-

emiaiathcgrmxpmceivingl.ﬂpgkgp:rminuteofnimgi)t-
erin. Neither of the *.o smali stindies demonstrated any
reckmonmtbcmdenmofmormrdmcdcam.

_prevent i
luiym&euwbohmremdm&mmmd
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angina. The recommendation for prophylactic use of nitroglyc-
erin must take into account the anesthetic plan and patient
hemodynamics and must recogrize that vasodilation and ‘hy-
povolemia can readily occur during anesthesia and surgery.

" Class IlI. . Patients with signs of hypovolemza or hypo-
tension.

Use of Transesophageal Echocardiography =~

The use of TEE has become increasingly common in the
operating rootn for cardiac surgery but is less frequently used.
in noncardiac surgery. Multiple investigations have docu-
mented the improved sensitivity and specificity of TEE for
detection of myocardial ischemia, compared with electrocardi-
ography or pulmonary capillary wedge pressure measurements.
Most studies have used off-line analysis of the TEE images,
however, and automated, on-line detection may increase its
value.

Summary of Evidence

There are few data regarding the value of TEE-detected
wall motion abnormalities to predict cardiac morbidity in
noncardiac surgical patients. In two recent studies from the
same group, intraoperative wall motion abrormalitics were
poor predictors of cardiac moibidity.?12!! In one study involv-
ing 332 men undergoing noncardiac surgeries, TEE demon-
strated an odds ratio of 2.6 (95% CI, 1.2 to 5.7) for predicting
perioperative cardiac events.”'®
Analysis ard Interpretation

Interpretation of TEE requires additional training. At
present there are no commercially available real-time monitors
of quantitative wall motion.. ARhough regional ‘wall motion
abnormalities in a high-risk patient suggest myocardial isch-
emn.tesolumnofmyomrdlalschcmmmaynotmhm
improvement of wall motion.

Recommendations

Currently there is insufficient evidence to determine the
cost-effectiveness of TEE for its use as a diagnostic monitor or
to guide therapy during noncardiac surgery. Guidelines for the
appropriate uw. of TEE are being developed by the American
Society of Anesthesiologists and the Socaety of Cardiovascular
Anesthesiologists.

Intra-aonic Falioon Counterpulsation Device

Hmﬂdmmm—mbalboom:qmlmmdc-
vice' has been siggesied as a means of reducing perioperative
cardiac risk in noncardiac surgery. Several case reports, com-
prisitig 'a total of 21 paticnts, have documented its use in
patients with unstabie- coronary. syndromes or severe CAD

: ‘mmmm"uumm

‘complications did not occur while the devioe was in place, they
did occur during the perioperative period after its removal. Its

use is also limited for technical reasous in the group at highest
risk, ie, vascular surgery. -
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There is cusrently insufficient evidence to' determiine the
value of prophylactic. placement of -an intra-aortic ‘balloon
counterpulsation device for high-risk noncardiac surgery.

3 IX. Per"iopé!'ative"Sﬁrveillénc,e‘ ‘

Although much attention has been focused on the preop-
crative preparation of the high-risk patient, intraoperative and

postoperative surveillance. for myocardial ischemia and infarc-
tion, arthythmias, and venous thrombosis should also lead to
reductions in morbidity. Postoperative myocardial ischemia
has been shown to be the strongest predictor oi perioperative
cardiac morbidity and is rarely accompanied by pain.’ There-
fore, it ‘may go untreated until-overt symptoms .of cardiac
failure develop. ‘

The diagnosis of a perioperative M! has both short- and
long-term prognostic value. Traditionally, a perioperative MI
has been associated with a 30% to 50% perioperative mortality
and has recently been associated with reduced long-term
survival.19.9214215 Therefore, it is important to identify pa-
tients who sustain a perioperative MI and to treat them
agressively since it may reduce bdth short- and long-term risk.

Intraoperattve and Postoperative Use of PuImonary
Artery Catheters
General Considerations

The pulmonary artery catheter can pmv»de significant in-
formation critical to the care of the cardiac patient. Its use,
- however, must be balanced against the cost and risk of
- complications from insertion and use of the catheter, which are
low when the operators are experienced. Several studies have
evaluated the benefit of pulmonary artery catheters in both
randomized trials and those using historical conitrols. Ini pa-
tients with a prior Ml, when perioperative care included
pulmonary artery and intensive care monitoring for 3 days
postoperatively, there was a lower incidence of reinfarction
than in historical controls.? Other changes in management
occurred during the period under study, however, including the

increased use of B-adrenergic sympathetic blockade. In partic-

1dar, patients with signs and symptoms of heart failure preop-

eratively, who have a very high (35%) postoperative incidence -
ofhcaﬁfaihne m:ghtbeneﬁtﬁ’ommvasmhcmodynamm :

67

Summary of Evidence . - -
Alﬁmghamldalofhtemmehasﬂaluawduwutmty
of a pulmonary artery catheter during the perioperative period
in noncardiac surgery, only: six controfled studies evaluated
w!momqmerycaﬂxetemmwrehummchmlom—
comes. Three recent randomized trials have evaluated the
mmmedpuhnomryarmycaﬂmemvmmalve-

Mmmmmmmm-
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bidity in infrainguin-1 surgery patients when monitored by a
pulmonary artery catheter either from the ‘evening before
surgery, 3 hours before surgery, or only if clinically indicated;
however, the groups with the pulmonary artery catheter: had
fewer intraoperative hemodynamic disorders.'®}

Practice parameters for the intraoperative use of a pulmo-
nary artery catheter havé. recently been published by the:
American Society of Anesthesiologists.>* These: paraméeters
approachthe decision- to place the pulmonary artery. catheter
as ‘the interrelationship between three variables: patient dis-
case, surgical procedure, and practice setting. With regard to
the surgical procedure, the extent of intraoperative and post-
operative fluid shifts is a dominant factor.

Intracperctive Use of Pulmonary Artery Cathelers®'®

Class 1. Patients at risk for major hemodynamic distur-
bances that are most easily detected by a pulmonary artery
catheter who are undergoing a procedure that is likely to cause
these hemodynamic changes in a setting with experience in
interpreting the results (eg. suprarenal aortic aneurysm repair
in a patient with angina).

Class II. Either the patient’s condition or the surgical
procedure (but not both) places the patient at risk for hemo-
dynamic disturbances (eg, total hip replacement in a patient with
chronic renal insufficiency

Class [II. No risk of hemodynamjc disturbances.

Intraoperative and Postoperative Use of
ST-Segment Monitoring

Some contemporary operating rooms and intensive care
unit monitors incorporate algorithms thar erform real-time
analysis of the ST segment. In adition, real-time ST-segment
monitoring via telemetry or ambulatory ECG (Holter) moni-
tors with alarms is being developed. Numerous studies have
demonstrated the poor ability of physicians to detect signifi-
cant ST-segment changes compared with computerized or
off-line analysis. If available, computerized ST-segment trend-
ing is supenior to visual interpretation. Althcugh proprietary,
many of these algorithms have been validated forthcuablhty
to accurately detect ST-segment shifts.

Summiary of Evidence )

- Virtually all studies examining the predictive value of
intraoperative and postoperatlve ST-segment changes have
been performed using. ambulatory ECG: recorders. Using
retrospective analysis, investigators have found postoperative
ST-segment changes indicative of myocardial ischemia to be
the strongest independent predictor of perioperative cardiac
events in high-risk noncardiac surgery patients in multiple

mldmmmangaofpdongeddumnonbemgpammhﬂy

associated with increased risk. 19219220
anvesr-segnemdmngeshavebacnshewnlopmdmwmse
hw—temmalmh@-mkpancms.z“ :
Intraoperative ST-segment changes may also occur: in low
mkpouﬂuwm.ﬂ-ugnemdepresmhasbeenshmmto
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oocur dunng elective Cesarean sections in healthy patients. 2",
Because these changes were not associated with reglonal wall
motion abnormalities on precordial echocardiography, in this
low-risk population such ST-segment changes mzy not be
indicative of myocardial ischemia and CAD.

Proper use of compuierized ST-segment analysis.in appro-
-priate: high-risk -patients may provide increased sensitivity to
detect: myocardial -ischemia during the perioperative period
and may. identify patients who might benefit from further
postoperative and long-term interventions. Therefore, com-
puterized monitoring of the ST segment ‘can provide uséful
information in appropriate high-risk patients, if available. The
cost-cflectiveness of computerized ST-segment analysis for
reducing perioperative morbidity, however, has not been doc-
umented. Further research is required.

Surveillance for Perioperative
Myocardial Infarction

Multiple studies have evaluated predictive factors for a
perioperative MI. The presence of clinical evidence of coro-
nary artery or peripheral vascular disease has been associated
with an increased incidence of perioperative MI. Factors that
increase the risk of a perioperative Ml have been discussed
previously. Because of the increascd risk of both short- and
long-term mortality from a perioperative Ml, accurate diagno-
sis is important.

General Considerations

Perioperative MI can be documented by serial electrocar-
diography, cardiac-specific enzyme analyses, comparative ven-
triculographic studies before and after surgery, and radioiso-
topic studies specific for myocardial necrosis. Published ECG
reporting criteria for Ml vary, however, with some authors
requiring Minnesota code criteria, others simply reporting new
Q waves, and others not specifying the ECG criteria. Nonspe-
cific ST and T wave changes are common in the immediate
postoperative period but have not been associatza with in-
creased moroudity. 2 In the analysis of cardiac enzyme criteria,
numerous techaiques are available to measure CK-MB, and
the threshold at which an enzyme rise is considered abnormal
is variable. In addition, CK-MB has been shown 10 be released
from noncardiaz sources i patients with ischemic Jimbs or

undergoing sortic. surgery, the group at highest risk for-a

perioperative M1. Finally, new myocardial-specific enzymes.

that are currently being. developed and -evaluated in ‘the

perioperative patient, such as cardiac troponin-I or troponin-T

orCKManoforms.reqmrcfunhers:udvbdmcdctcrmmmg

their usefulness in this setting 2

Semmary of Evidence S
Vcryﬁewuu&cshaveemnneddwopmnalmolfo!

‘diagnosing a perioperative ML Charlson et aP* reported on

232 mostly hypertensive or disbetic paticnts undergong clec-
| Dcnt transvenous paciag OF permanent pacing with indicaiions
“;mcmmu&mhehawemﬁamm

tive noncardiac surgery. Serial ECGs and creatine kinase
isoenzymes (CK-MB) were collected for 6 days postopera-
tively. The incidence of perioperative M1 varied greatly, de-
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pending on the diagnostic criteria used. A strategy using an
ECG immediately after the surgical procedure and on the first
and second days postoperatively had the hignest sensitivity,
Sirategies includirg the serial measurement of CK-MB had
kigher false-positive rates without higher sensitivities, 1a con-
trast. Rettke=* reported that overall sunvival was associated |
with the 'degree of CK-MB elevation-in 348 patients undergo-
ing abdominal aortic aneurysm repair. with higher levels
associated with worse survival. Yeager et al!® evaluated the
prognostic implications of a perioperative M1 in a séries of
1561 major vascular procedures. These authors found that the
incidence of subsequent M1 and coionary artery revascalariza-
tion was significantly higher in paticnts who suffered a periop-
erative M, except in the subset who only demonstraied an
clevated CK-MB without ECG changes or cardiovascular
symptoms.
Recommendations

Further evaluation regarding the optimal strategy for sur-
veillance and diagnosis of perioperative M1 is required before
one method is advocated. In patients without evidence of
CAD, surveillance should be restricted to patients who develop
perioperative signs of cardiovascular dysfunction. In paticnt
with known or suspected CAD undergoing surgical proceduresy
associated with a high incidence of cardievascular morbidity,
ECGs at bascline, immediately after the surgical procedure,
and daily on the first 2 days postoperatively appears 10 be the
most cost-cfective strategy. Measurements of cardiac enzymies
are best reserved for patients at high risk or those who
demonstrate ECG or hemodynamic evidence of cardiovascular

ArhythmiaiConduction Disease

Postoperative arrhythmias are ofien due ro remedial noo-
cardiac problems such as infection. hypotension, metabolic-
derangements, and hypoxsa. Cardioversiea of supraventncular
arrhythmuas is generally pot recommended until correction of
the underlying problems has occurred, which frequently leads
to a return to sormal sinus thvithm. Also, cardioversion is
unlikely to result in long-term normal sinus rhythm if the'
underlying problem is not corrected. The avoidance of an
electroiyte abnormality, especially hypokalemia and hypomag-
fiescmia, may reduce the penoperative incidence and risk of
arrhythmias, although acute preoperative repletion of potas-
sium ir ‘an asymptomatic individual may be associated with
greater risk than benefits =+ Bradyarrhythmias occufring in
the postoperative period are usually secondary to some other.

‘cause. such as 2n electrolyte disturbance. bypoxemia, or isch-

emia, Op an-acute basis. many will respond (0 intravenous

‘medication such 3 atropine. and some will respoed (o intra:

venous aminophylline. Those bradyarrhythmias due to sinus
node dysfunction and advanced conduction abaormalitics such
as complete heart block will respond 10 temporary or perma--

Wmmmﬂn%mm
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channel blacker, or gblockers with swing of heant rte and
cardiowersion. Unifocal or multifocal premature ventncular con-
trisctions do oot -merit vigorous: therapy.. Complex ventricular
ectopy such as nonsustained or sustained ventricular tachycardia
rcquuesmewgorwstherapy especially in the presence of
ongoing or threatened myocardial ischemia, left ventricular dys-
function, or valvular heart discase. Ventricular arrhy!hmm may
respond to intravenous B-blockers, lidocaine, procainamide, or
amiodarone.™™ Electrical cardioversion should be used for supra-
ventricular or ventricular arrhythmias causing hemodynamic
compromise.

X. Postoperative Therapy/Future

Management

Whenever feasible, postoperative management should in-
clude the asscssment and management of any risk factors for
CAD, heart failure, hypertension, stroke, or other cardiovas-
cular discase that may have been identified in the preoperative
period. Such factors ‘include hypercholesterolemia, smoking,
labile ‘or sustained systemic arterial hypertension, borderline
hyperglycemia or diabetes mellitus, obesity, physical inactivity,
excess alcohol consumption, carotid bruit, peripheral vascular
disease, heart murmurs; abnormal ECG, cardiac arrhythmia or
conduction abnormality. perioperative ischemia, postoperative
MI, abnormal pulmonary function tests, or a positive family
history of premature cardiovascular discase. Appropriate plans
should be made for the postoperative evaluation of any of
these findings and the institution of appropriate diagnostic
tests and management plans. In particular, patients who sus-
tain a- perioperative MI or develop evidence of myocardial
ischemia should be carcfully evaluated. These patients have a
substantial risk of M1 and/or cardiac death over the subsequent
5 wi 10 years. Accordingly. these paticats should be carefully
evaluated by noninvasive testing to determine left ventricular
function anu whether or not they have evidence of myocardial
ischemia on exertion or during pharmacological stress.? Some
patients may benefit from coronary revascularization by
CABG or PTCA.

Most patients who have documented arteriosclerosis will
benefit from pharmacological agents to lower low density
lipoprotein (LDL) cholesterol level, increase high density
lipoprotein (HDL) lavels, of both. The goal should be 1 lower
the LDL level to less than 100 mg/dl. (2.6 mmol/dlL).:2

In gencral. the indications for addition~] screening or
testing are dependent on andividual patient characteristics It is
“insdortant:that the physician(s) responsibie for the long-term
cary of the patient be sent full information aboul any cardio-
vascular abnornaittics or risk factors_ for CAD dentificd
during the perioperat ve period.

Xi. Conclusions

Succexsfut perioperative evaluation and managemene uf
high-risk_cardiac patiénts undergoing noncardiac surgery re-
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quires careful twmwurk and communication between s surgeon,
anesthesiologist, the patient’s primary care physician, and the
consultant. In general, indications for further cardiac testing
and treatments arc the same as in the nonoperative setting, but
their timing is dependent on several factors, including the
urgency of noncardiac surgery, patient-specific risk factors, and
surgcry-spcaﬁc oons:derauons The use of both nomnvaswe:
and invasive preoperative testing should be: limited to those
circumstances in which the results of s.ch tests will clearly
affect patient management. Finally, for many patients, noncar-
diac surgery represents their first chaice to receive an appro-
priate assessment of both short- and fong-term cardiac risk.
Thus, the consultant best serves the patient by making recom-
mendations aimed at lowcering the immediate periopérative
cardiac risk as well as asscssing the need for subsequent
postoperative risk stratification and interventions directed to
modify coronary risk factors.

XIL Cardiac Risk of Noncardiac Surgery:
Areas in Need of Further Research

® Role of prophylactic revascularization in reducing peri-
operative and long-term MI and dealh and its cost
effectiveness

» Cost-eflectiveness of the various methods of noninvasive
testing for reducing cardiac complications

o Establishment of efficacy and cost-eTectiveness of vari-
ous medical therapies for high-risk patients

¢ Establishment of optimal guidelines for selected patient
subgroups, particularly the elderly and women

® Establishment of the efficacy of monitoring patients for
myocardial ischemia and infarction, particularly the role
of monitoring in affecting treatment decisions and
outcomes.

Appendix 1

Methods

These guidelines are based on a Medline search-of the English
literature from 1975 through 1994, review of selected journals from
1295, and the expert opinions of 12 committee members representing
various disciplines of cardiovascular care, including general cardiology,
noninvasive testing, vascolar medicine, vascular surgery, anesthesiol-
ogy, and arrthythmia management. In uddition, draft ghidelines were .
submitted for critical review and amendment tn physicians represent-
g internal ‘medicing, tamily. praciice, nuclear cardiology. general
surgery. and ancsthesiology us well as executive officens representing
the American College of Cardiology and the American Heart Assoi-
ation, The final document represents the cighth iteration over ‘18
months, which-included six drafts in commitice- and. two. additional
drafts to incorporate key findings from external review:

Alarge proportion of the data used 1o develop these guidelines is
based on observational of. retrospentive studies or knowledge of
managemet of cardiovascular disvrders in:the nonoperative setting,
While the collective knowleédge surounding the identification of high-
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and mw-mk paticnts . using pcm)pcmnvc clinical and mmmvaswc,

evaluation is subetantial, very Tew prospective or randomized studics
have been pertormed that establish the value.of tests of tréatments on
perioperative outcomes. Therefore, data are’ presented in a tabular
format, and whenever possible reflect the value of a test or. interven-

tion for similar outcomes of ‘a perioperative M1 or cardiac death. :

Becausc the studies were rarely randomized controlied trials, defini-
tions of a perioperative event varied, investigators were rarely blinded,

and many inherent selection biases existed, the task force has chosen

not to provide an aggregate synthesis of the datu in the form of a point
estimate or meta-analysis. On the other hand, presentation of the original
duta provides substantiul support for these recommendations,
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