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“The overriding theme of this document is that 

intervention is rarely necessary to simply lower the 

risk of surgery unless such intervention is indicated 

irrespective of the preoperative context.”



Major Aspects of Perioperative 

Care

• General assessment

• Disease-specific 
assessment

• Surgery-specific 
issues

• Supplemental 
preoperative 
assessment

• Perioperative 
therapy

• Anesthetic 
considerations

• Perioperative 
surveillance

• Postoperative and 
long-term 
management

ACC/AHA Guideline Perioperative CV Eval. 2007
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Step 1 – Emergent Surgery?

• If the surgery is emergent or so urgent that it 
is unreasonable to worry about cardiac 

conditions, operate
• Emergent: Symptomatic aortic aneurysm, 

perforated viscus, major trauma

• Urgent: Arterial bypass for limb salvage, 
mesenteric revascularization to prevent 
intestinal gangrene

• Consultant may need to be involved in postop 
care and medical therapy and risk factor 
management

ACC/AHA Guideline Perioperative CV Eval. 2007, p. e175.
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Step 2 – Active Cardiac Condition?

• Active ischemia

• Active heart failure 

• Significant arrhythmias

• Severe valvular disease

• Cancel or delay surgery until 
cardiac issues are clarified and managed 
appropriately

ACC/AHA Guideline Perioperative CV Eval. 2007, p. e165.



Step 2 – Active Cardiac Condition?

• Severe (CCS 3-4) or unstable angina or 

acute (<7d) or recent (<1mo) MI

• Decompensated heart failure (NYHA 4 

or acute worsening)

ACC/AHA Guideline Perioperative CV Eval. 2007, p. e165.



Step 2 – Active Cardiac Condition?

• Significant arrhythmias:

– Mobitz II or high-grade or complete AV 
block

– Symptomatic ventricular arrhythmias or 
symptomatic bradycardia

– Supraventricular tachyarrhythmias (>100)

– Newly recognized VTach

• Severe valvular disease (severe AS 
with mean gradient >40 or AVA<1.0 or 
sx, symptomatic MS)

ACC/AHA Guideline Perioperative CV Eval. 2007, p. e165.
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Step 3 – Low Risk Surgery?
• Combined morbidity and mortality rate 

<1% even in high risk patients

• Operate
• Examples:

– Endoscopic procedures

– Superficial procedures

– Cataract surgery

– Breast surgery

– Outpatient surgical procedures

ACC/AHA Guideline Perioperative CV Eval. 2007, p. e165.
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Step 4 – Good functional Capacity?

• Active or highly functional asymptomatic 
patients, capacity of >4 METs

• Operate
• Examples:

– Walk up a flight of stairs or up a hill

– Walk 4 mph on level ground

– Run a short distance

– Scrubbing floors or moving heavy furniture

– Golf, bowling, dancing, doubles tennis

ACC/AHA Guideline Perioperative CV Eval. 2007, p. e166.
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Review

ACC/AHA Guideline Perioperative CV Eval. 2007, p. e169.

Age >50

• Operate

• No, consult

• Operate

• Operate
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Step 5 – Everybody Else

• Elective or mildly urgent not low risk 

surgery with poor or unknown functional 

capacity

• Count risk factors and assess 

surgical risk

ACC/AHA Guideline Perioperative CV Eval. 2007, p. e169.



Step 5: Defining the Risk Factors

1. Ischemic Heart Dz: Hx MI, Hx +ETT, 
current angina, nitrate use, ECG-MI Q 
wave (not mere prior CABG or prior PCI or 
ST-T abnormality) – *usually wait 4-6 
weeks after MI to perform elective surgery

2. Heart Failure: Hx of HF; pulm edema or 
PND; rales or S3; CXR redistribution

3. Cerebrovascular dz: Hx of TIA or stroke

4. DM: insulin therapy

5. CKD: creatinine >2.0 

Lee et al. Circulation. 1999;100:1043.        4315 pts >50 yo elective surg 



Step 5

Risk 

Factors

Surgery 

Type 

Stress 

Test

Action

0 All - OR

1-2 All IIb* OR – HR 

control

>2 Intermediate IIb* OR – HR 

control

>2 Vascular IIa*

ACC/AHA Guideline Perioperative CV Eval. 2007, p. e169.

* = “if it will change management”



Case 1:
• 76 y.o. with prior CABG, diabetes, CHF, 

receiving medical therapy, with a recent high 

risk thallium scan (preop for elective 

peripheral vascular surgery), presents with 

fever and wet gangrene of the left foot, sed 

rate 140, is now preop for amputation today.  

You are consulted. 

• Your recommendations:



Case 1:
• 76 y.o. with prior CABG, diabetes, CHF, 

receiving medical therapy, with a recent high 

risk thallium scan (preop for elective 

peripheral vascular surgery), presents with 

fever and wet gangrene of the left foot, sed 

rate 140, is now preop for amputation today.  

You are consulted. 

• Your recommendations:

Limited to optimization of medication and 

surveillance.

This is a Step 1 Decision – Emergency surgery.  

Easy decision, bad situation for the patient.



Case 2:
• 65 y.o. man with CABG in 2006, diabetes, htn, no 

prior stroke or HF or CKD receiving medical 

therapy, with good response to CABG (resolution 

of exertional chest tightness and dyspnea), 

presents for evaluation for elective abdominal 

aortic aneurysm repair (6 cm dia).

• Your recommendations:



Case 2:
• 65 y.o. man with CABG in 2006, diabetes, htn, no 

prior stroke or HF or CKD receiving medical 

therapy, with good response to CABG (resolution 

of exertional chest tightness and dyspnea), 

presents for evaluation for elective abdominal 

aortic aneurysm repair (6 cm dia).

• Your recommendations:

Proceed to surgery.

This is a Step 5 Decision – Revascularization and 

asymptomatic status  with 1 risk factor needs no 

further evaluation.  Easy decision, generally a good 

situation for the patient.



Case 3:
• 72 y.o. woman with CABG in 1997, receiving 

medical therapy.  She had recurrent chest 

pain and was admitted January 2008 for R/O 

MI with P Thall showing small MI and no 

ischemia, and has done well since then.  Now 

she presents for elective surgery for colonic 

malignancy.

• Your recommendations:



Case 3:
• 72 y.o. woman with CABG in 1997, receiving 

medical therapy.  She had recurrent chest 

pain and was admitted January 2008 for R/O 

MI with P Thall showing small MI and no 

ischemia, and has done well since then.  Now 

she presents for elective surgery for colonic 

malignancy.

• Your recommendations:

Proceed to surgery.

This is a Step 5 Decision – Coronary evaluation 

within 2 years needs no further evaluation if 

favorable result and no recurrent Sx or Sn.  



Case 4:
• 56 y.o. man with planned repair of hiatal 

hernia presents for clearance.  During the 

history he reports that he has had decreased 

exercise tolerance for 3 weeks and with chest 

tightness with walking 25 feet during the last 

3 days.  Night before last he had pain at rest 

lasting 10 minutes.  Your recommendations:



Case 4:
• 56 y.o. man with planned repair of hiatal 

hernia presents for clearance.  During the 

history he reports that he has had decreased 

exercise tolerance for 3 weeks and with chest 

tightness with walking 25 feet during the last 

3 days.  Night before last he had pain at rest 

lasting 10 minutes.  Your recommendations:

Delay or cancel this purely elective surgery.

This is a Step 2 Decision – this patient has an 

active cardiac condition, intermediate risk unstable 

angina, needs cardiac evaluation.



Case 5:

• 66 y.o. man with anterior wall MI in 1997 and 

LVEF at cath of 35% at that time, doing well 

on medication with LDL of 96.  He walks 4 

miles/day without symptoms, and is pre-op for 

elective AAA repair (5.6 cm infrarenal).

• Your recommendations:



Case 5:

• 66 y.o. man with anterior wall MI in 1997 and 

LVEF at cath of 35% at that time, doing well 

on medication with LDL of 96.  He walks 4 

miles/day without symptoms, and is pre-op for 

elective AAA repair (5.6 cm infrarenal).

• Your recommendations:

Proceed to surgery.

This is a Step 4 Decision – this patient has a 

intermediate clinical predictor, prior MI, with good 

functional capacity so even with a high risk 

procedure he should do well.



Case 5:

• 66 y.o. man with anterior wall MI in 1997 and 

LVEF at cath of 35% at that time, doing well 

on medication with LDL of 96.  He walks 4 

miles/day without symptoms, and is pre-op for 

elective AAA repair (5.6 cm infrarenal).

• Your recommendations:

But he already got a thallium.





Case 5:

• 66 y.o. man with anterior wall MI in 1997 and 

LVEF at cath of 35% at that time, doing well 

on medication with LDL of 96.  He walks 4 

miles/day without symptoms, and is pre-op for 

elective AAA repair (5.6 cm infrarenal).

• Your recommendations:

Stress test was low risk

Scan not high risk

Therefore: Surgery



Tips on Assessing Results of 

Noninvasive Ischemia Testing

• Exercise – Protocol; duration (METs); 
symptoms; ECG ST changes

• Inability to exercise is a risk

• Imaging –

– LV function (grain of salt)

– LV size

– Defects: number, size, reversibility (fixed 
defects may actually be ischemia)



Case 6:
• 79 y.o. man with no prior cardiac history or 

diabetes or HF or stroke or CKD.  He is 

sedentary due to severe knee DJD, no 

cardiac symptoms, and is pre-op for elective 

right knee replacement. ECG reveals 

frequent PVC’s and LBBB.

• Your recommendations:



Case 6:
• 79 y.o. man with no prior cardiac history or 

diabetes or HF or stroke or CKD.  He is 

sedentary due to severe knee DJD, no 

cardiac symptoms, and is pre-op for elective 

right knee replacement. ECG reveals 

frequent PVC’s and LBBB.

• Your recommendations:

Recommend proceed with surgery.

This is a Step 5 Decision – this patient has no risk 

factors, with poor functional capacity an an 

intermediate risk procedure, so needs no further 

cardiac evaluation.



Case 7:
• 79 y.o. man with no prior cardiac history or 

diabetes or HF or stroke or CKD.  He is 

sedentary due to severe knee DJD, no 

cardiac symptoms, and is pre-op for elective 

outpatient surgical procedure. ECG reveals 

frequent PVC’s and LBBB.

• Your recommendations:

Proceed to surgery.

This is a step 3 situation, low risk surgery.



Indications for 

Preoperative ECG

Hx IHD

Hx HF

Hx CVD

DM

CKD

Guideline Perioperative CV Eval. 2007



Results of Noninvasive Testing

• Low risk – proceed to surgery

• Intermediate risk - ????

• High risk – consider revascularization 

before surgery



CARP Trial (“Coronary Artery 

Revascularization Prophylaxis”)
• 5859 pts pre-op maj vasc surg screened

– Exclusion: urgent operation (1025), severe comorbidity 
(731), prior revasculariz without recurrent ischemia (626), 
LMCA >50% (54), EF<20%, (11) severe AS (8); 680 
other exclusions

– Cath if cardiologist opined increased cardiac risk for 
perioperative cardiac complication (1654 insufficient risk)

– Randomizable if >70% stenosis of revascularizable 
vessel (363 nonobstructive, nonamenable 215, refusal 
29)

• 510 pts (98% men, 33% AAA, 67% severe sx legs)

• Randomized to med (252) or revasc (59% PCI, 
41% CABG)

McFalls EO et al. N Engl J Med. 2004;351:2795-804.



CARP Trial (“Coronary Artery 

Revascularization Prophylaxis”)

• Delay to vascular surgery:
– Med: 18 da

– Revasc: 54 da

• Mortality after 2.7 yr f/u
– Med: 23%

– Revasc: 22%

• Perioperative MI (elevated troponin, <30 da, 
blinded outcomes committee validation)
– Med: 14%

– Revasc: 12%

McFalls EO et al. N Engl J Med. 2004;351:2795-804.
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McFalls EO et al. N Engl J Med. 2004;351:2795-804.



McFalls EO et al. N Engl J Med. 2004;351:2795-804.



General Assessment

• Tasks of Consultant

• Show-stopper diagnoses

• History – Focus on assessing functional 

capacity

• Physical Examination

• Comorbidities affecting risk

• Stepwise approach in management

ACC/AHA Guideline Perioperative CV Eval. 2007



Consultant Tasks

• Review the available patient data

• Obtain a history

• Perform a physical examination –
– Comprehensive cardiovascular exam

– Pertinent aspects of patient’s problem and proposed 
procedure

• Provide a comprehensive evaluation of risk

• Determine the cardiovascular stability of the 
patient

• Optimize the medical condition in context of 
surgical procedure

ACC/AHA Guideline Perioperative CV Eval. 2007



Show-Stopping Diagnoses

ACC/AHA Guideline Perioperative CV Eval. 2007

1.

2.

With important ischemic risk by symptoms or noninvasive study

New or poorly controlled ischemia-

mediated HF



Show-Stopping Diagnoses

ACC/AHA Guideline 

Perioperative CV Eval. 2007

3.



Show-Stopping Diagnoses

ACC/AHA Guideline Perioperative CV Eval. 2007

4.



Functional Assessment

Excellent >10

Good 7-10

Fair (moderate) 4-7

Poor         <4

ACC/AHA Guideline Perioperative CV Eval. 2007, no change from 2002



Functional Assessment

AHA Sci Statement, Exercise Standards … Circulation. 2001;104:1694.



Mild Leisure Activity - 1

AHA Sci Statement, Exercise Standards … Circulation. 2001;104:1694.



Mild Leisure Activity - 2
Circulation. 2001;104:1694.



Moderate Leisure Activity

Circulation. 2001;104:1694.



Vigorous Leisure Activity - 1 Circulation. 2001;104:1694.



Vigorous Leisure Activity - 2 Circulation. 2001;104:1694.



ADL - 1
Circulation. 2001;104:1694.



Circulation. 2001;104:1694.
ADL - 2



Additional Activities
Mild Baking 2.0

Bookbinding 2.2

Conducting an orchestra 2.2

Play a trumpet 1.8

Play a Violin 2.5-2.6

Play a Woodwind 1.8

Writing 1.7

Moderate Croquet 3.0

Play drums 3.8

Sailing 3.0

Vigorous Badminton 5.5

Field hockey 7.7

Karate or Judo 6.5

Fletcher GF et al. 

Circulation. 

1995;91:580.



Core Components of the Physical 

Examination

• General appearance

• BP both arms

• Carotid, JVP, lung auscultation

• Precordial palpation and auscultation

• Abdominal palpation

• Extremities: edema and vascular 

integrity

ACC/AHA Guideline Perioperative CV Eval. 2007



Comorbidities Affecting 

Prognosis and Management

• Pulmonary obstructive or restrictive 
disease (selective PFT or ABG)

• DM, particularly requiring insulin risk for 
heart failure

• Renal impairment often is associated 
with CV disease (Cr>2.0)

• Hematologic: anemia (hct <28%), 
polycythemia, thrombocytosis increase 
TE risk

ACC/AHA Guideline Perioperative CV Eval. 2007



Step 5: Prevalence and Complications 

for Specific Risk Factors

Lee et al. Circulation. 1999;100:1043.  *ACC/AHA Periop Guideline 2007.



Evaluation and Care Algorithm - 1

ACC/AHA Guideline Perioperative CV Eval. 2007



Evaluation and Care Algorithm - 2



Summary Evaluation and Care 

Algorithm



Disease-Specific Approaches

• Coronary artery disease

• Hypertension

• Heart Failure

• Cardiomyopathy

• Valvular heart disease

• Arrhythmias and conduction defects

• Pacer/ICD

• Pulmonary vascular and congenital heart 
disease

ACC/AHA Guideline Perioperative CV Eval. 2007



Coronary Artery Disease
• Key questions:

– What is the amount of myocardium in jeopardy?

– What is the ischemic threshold?

– What is the ventricular function?

– Is the current medical regimen optimal?

• Is revascularization indicated (would it be 
beneficial) independent of impending surgical 
procedure? – if so, stress test is likely to be 
helpful

• Advanced age is a significant risk

• Female gender delays CAD by about 10 yr 
unless DM, but DM erases the benefit of 
femaleness

ACC/AHA Guideline Perioperative CV Eval. 2007



Exercise Prognostic Indicators

ACC/AHA Guideline Perioperative CV Eval. 2007



Exercise Prognostic Indicators

ACC/AHA Guideline 
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Exercise Prognostic Indicators
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Exercise Prognostic Indicators
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Exercise Prognostic Indicators
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Hypertension - 1
• BP <180/110 is not an independent risk factor 

for perioperative complication

• But the preoperative evaluation provides an 
opportunity to initiate treatment or to improve 
control of hypertension

• Htn is a CAD risk factor

• Preoperative control of BP decreases 
intraoperative BP fluctuations that may cause 
ischemia

• Consider secondary causes: 
pheochromocytoma, hyperaldosteronism, renal 
artery stenosis

ACC/AHA Guideline Perioperative CV Eval. 2007



Hypertension - 2

• Continue preoperative antihypertensives 
through surgery (parenteral if necessary), 
especially clonidine and beta-blockers, but 
maybe hold ACE-I or ARB which have 
been associated with intraoperative 
hypotension, restart when euvolemic

• BP>180/110 should control 
preoperatively, usually possible within 
hours with parenteral agents

ACC/AHA Guideline Perioperative CV Eval. 2007



Heart Failure

• Carefully evaluate patients with no prior 

history of HF by H&P, maybe new 

diagnosis

• Optimize medical status if possible 

preoperatively

• Clarify etiology in known heart failure

ACC/AHA Guideline Perioperative CV Eval. 2007



Cardiomyopathy
• In patients with prior diagnosis of HF or with 

signs of HF, preoperative assessment, 
frequently echocardiography, to clarify 
degree of LV systolic and diastolic function 
may be recommended

• HCM: 

– Maintain euvolemia, beta-blockade

– Hypotension – generally use volume loading 
and vasopressors emphasizing α-agonists 
rather than inotropes

– LVOT gradient is not predictive of risk of 
perioperative HF

ACC/AHA Guideline Perioperative CV Eval. 2007



Valvular Heart Disease - 1
• Murmur evaluation by examination – echo 

only if indications

• Severe aortic stenosis poses the greatest 
perioperative risk

– If symptomatic, generally require AVR before 
noncardiac surgery

– If no assessment in >1y, reassess severity

– If refuse AVR or not a candidate, noncardiac 
surgical mortality is about 10% 

– If hemodynamically unstable, balloon aortic 
valvuloplasty is an option to temporize or bridge 
through surgery

ACC/AHA Guideline Perioperative CV Eval. 2007



Valvular Heart Disease - 2
• Mitral stenosis is rarer but important – focus 

on control of heart rate – tachycardia gives 
high MV gradient and pulmonary congestion

• Preoperative correction of MS is indicated 
only with same indications as non-pre-
operative setting; if severe and if anticipated 
procedure is high-risk, might benefit from 
preoperative MV repair/replacement

• AR – avoid bradycardia, volume control, 
afterload reduction

• MR – afterload reduction, volume control

ACC/AHA Guideline Perioperative CV Eval. 2007



Prosthetic Heart Valves

• Mechanical– endocarditis prophylaxis

• Anticoagulation management

– No heparin bridge for dental work, superficial 
biopsies: briefly reduce INR to low therapeutic 
or subtherapeutic range, then resume normal 
dose immediately post procedure

– Heparin bridge for others if Bjork-Shiley or mitral 
or recent (<1y) thrombus or multiple risk factors 
(3 or more of: AFib, prior embolus, 
hypercoagulability, mechanical prosthesis, 
EF<30%)

– Clinical judgment for intermediate risk

ACC/AHA Guideline Perioperative CV Eval. 2007



Arrhythmias

• Presence of preoperative arrhythmia is an 
alert to consider possible underlying heart or 
metabolic disease

• AFib and PVCs – no particular 
recommendations

• “Physicians should have a low threshold to 
institute prophylactic beta-blocker therapy in 
patients at increased risk of developing a 
perioperative or postoperative  
supraventricular or ventricular 
tachyarrhythmia.”

ACC/AHA Guideline Perioperative CV Eval. 2007



Conduction Abnormalities

• Complete AV block can increase 

perioperative risk and may necessitate 

initiation of temporary or permanent 

pacemaker

• IVCD or BBB very rarely deteriorate 

perioperatively to AV block

• Pacemaker and ICD presence in patients 

has implications for intraoperative 

management

ACC/AHA Guideline Perioperative CV Eval. 2007



Pulmonary Hypertension and 

Congenital Heart Disease

• No good data on which to base guideline

• Patients with prior repair for CHD may have 

increased pulmonary vasoreactivity to hypoxia

• Pulmonary hypertension probably poses increased 

perioperative risk – as in Eisenmenger’s syndrome 

in peripartum period

• In cyanosis avoid drop in systemic vascular 

resistance which could deepen cyanosis and 

exacerbate acidosis

ACC/AHA Guideline Perioperative CV Eval. 2007



Surgical Considerations

• Surgical procedural risk

• Situational risks

– True surgical emergencies: symptomatic 

AAA, perforated viscus, trauma

– Urgent situations: arterial bypass for limb 

salvage, mesenteric revascularization to 

prevent intestinal gangrene

– Malignant neoplasms

ACC/AHA Guideline Perioperative CV Eval. 2007



Surgical Procedural Risk

ACC/AHA Guideline Perioperative CV Eval. 2007



Supplemental Tests

• Assess LV function – dyspnea unknown 

cause, or known HF with clin change 

(IIa); not routine

• Stress test – 3 or more risk factors AND 

high-risk vascular procedure AND poor 

functional capacity, IF it will change 

management (IIa)

ACC/AHA Guideline Perioperative CV Eval. 2007



When to Perform a Stress Test

Stress 

Test?

Clinical Risk 

Factors

Functional 

Capacity

Surgical 

Risk

IIa 3 or more Poor Vascular

IIb 1-2 Poor Intermediate

IIb 1-2 Good Vascular

III 0 Intermediate

III Low

ACC/AHA Guideline Perioperative CV Eval. 2007



Preoperative Revascularization

PCI or 

CABG?
Symptoms

Coronary 

Anatomy
LV Function

I

Stable 

angina

LMCA or 3V Esp EF<50

2VD +prox 

LAD

EF<50 or 

ischemia evid

High risk UA 

or NSTEMI

STEMI

IIb Ischemic stress test (high or low risk)

ACC/AHA Guideline Perioperative CV Eval. 2007



Choice of Preoperative PCI 

Based on Need for Surgery

PCI Type Time To wait for Surgery

Balloon angioplasty 14-29 da (>4 wk)

Bare metal stent 30-365 da (>4-6 wk*)

Drug-eluting stent >365 da (12 mo*)

ACC/AHA Guideline Perioperative CV Eval. 2007

*If thienopyridine must be discontinued perioperatively



Timing of Elective or Non-Urgent 

Surgery Post PCI

PCI Type Time since PCI

Delay 

Surgery

Proceed with 

Surgery with ASA*

Balloon angioplasty <14 da >14 da

Bare metal stent <30-45 da >30-45 da

Drug-eluting stent <365 da >365 da

ACC/AHA Guideline Perioperative CV Eval. 2007

*Warfarin, antithrombotics, and GP IIb/IIIa inhibitors have not 

been shown to decrease the risk of stent thrombosis



Perioperative Antiplatelet Agents and 

Non-Cardiac Surgery

• Aspirin plus clopidogrel adds 0.4-1.0% 

risk of major bleeding compared to 

aspirin alone

• Continuing low dose aspirin during 

surgery produces 1.5 fold increase in 

frequency of bleeding but not severity of 

bleeding or mortality (except maybe 

intracranial or prostatectomy)



When to Use Perioperative BB

Vascular 

Surgery

Intermediate 

Risk Surgery

Low Risk 

Surgery

No risk 

factors
IIb, B no no

Risk factors IIa, B IIb, C no

CHD or 

High risk

+NIWU – I

Ow – IIa
IIa, B no

Current BB I, B I, C I, C

ACC/AHA Guideline Perioperative CV Eval. 2007



When to Use Perioperative Statin

• Patient already on statin: continue 

statins through surgery

• Vascular surgery with or without risk 

factors, starting statin is reasonable (IIa)

• Intermediate risk surgery with risk 

factors, starting statin is an option (IIb)

ACC/AHA Guideline Perioperative CV Eval. 2007



Other Perioperative Drugs

• Alpha-2 agonists (clonidine and 

mivazerol) may be beneficial in reducing 

ischemia – could use in 

hypertensives (IIb) with CAD or risk 

factors

• Calcium antagonists (diltiazem in 

particular) may be beneficial in reducing 

ischemia – no recommendation

ACC/AHA Guideline Perioperative CV Eval. 2007



Atrial Fibrillation
• Preoperative atrial fibrillation on coumadin –

use antithrombotic bridge if risk of thrombus 
warrants

• Postoperative symptomatic or 
hemodynamically compromising AF = 
cardioversion

• Postoperative rate control

– Beta blockers best to slow rate and better for 
reversion to NSR

– Ca blockers second best

– Digitalis preparations third best

ACC/AHA Guideline Perioperative CV Eval. 2007
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ACC/AHA Guideline Perioperative CV Eval. 2002, basically unchanged in 2007



ACC/AHA Guideline Perioperative CV Eval. 2002
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Basic Concepts of Risk 

Optimization

1. Clinical context is supreme

a) Risk factors (tobacco, Htn, Lipid, DM, FH)

b) Symptoms (dyspnea, chest discomfort, 
arrhythmia)

c) Prior diagnostic and therapeutic 
procedures (noninvasive, catheterization, 
PCI, CABG, other)

d) Comorbidity (renal, endocrine, 
pulmonary, hematologic)



Basic Concepts of Risk 

Optimization - 2

2. Noninvasive evaluation benefits

a) Diagnostic value

b) Prognostic value

c) Management recommendations (further 

diagnostic or therapeutic steps)

3. Noninvasive evaluation limits

a) False results 

b) Costs and risks of tests and of 

subsequent provoked steps



Basic Concepts of Risk 

Optimization - 3

3. Analysis of the clinical situation

a. Know outcomes expected of surgical 

procedure, of projected preoperative 

therapy, of natural history

b. Know the gaps in the literature

c. Clinical Judgment is Crucial

“It isn’t what we don’t know that gives us 

trouble, it’s what we know that ain’t so!”
Will Rogers



High Risk Clinical Indicators*
• Unstable coronary syndrome

– Acute (<7da) or recent (7-30 days) MI with 
important ischemia by symptom or noninvasive 
test

– Unstable or severe (CCS III-IV) angina

• Decompensated CHF

• Significant arrhythmia
– High grade AV block

– Symptomatic ventricular arrhythmia with 
underlying heart disease

– Supraventricular arrhythmia with uncontrolled rate

• Severe valvular heart disease, esp. severe Sx 
AS*Mandate intensive management, may delay surgery



Intermediate Risk Clinical 

Indicators*

• Mild angina (CCS I-II)

• Prior MI by history or ECG Q wave

• Compensated or prior CHF

• Diabetes Mellitus (esp. insulin 

dependent)

• Renal insufficiency

*Well-validated markers of enhanced risk of perioperative 

cardiac complications and justify careful assessment of the 

patient's current status.



Low Risk Clinical Indicators*

• Advanced age (>70, >75?)

• Abnormal ECG (LVH, LBBB, ST-T 

abnormality)

• Rhythm not sinus (e.g. atrial fibrillation)

• Low functional capacity (<4 METs)

• History of stroke

• Uncontrolled systemic hypertension

*Not proven to independently increase perioperative 

risk - further preoperative cardiac testing is not 

generally required



Canadian Cardiovascular Society Classification System

• Class I: Ordinary physical activity does not cause angina, 
such as walking, climbing stairs.  Angina with strenuous, 
rapid, or prolonged exertion at work or recreation.

• Class II: Slight limitation of ordinary activity.  Angina occurs 
on walking or climbing stairs rapidly, walking uphill, walking 
or stair climbing after meals, or in cold, or in wind, or under 
emotional stress, or only during the few hours after 
awakening.  Angina occurs on walking more than 2 blocks 
on the level and climbing more than one flight of ordinary 
stairs at a normal pace and in normal condition.

• Class III: Marked limitations of ordinary physical activity.  
Angina occurs on walking one to two blocks on the level 
and climbing one flight of stairs in normal conditions and at 
a normal pace.

• Class IV: Inability to carry on any physical activity without 
discomfort – anginal symptoms may be present at rest.



Energy Requirements in 

Activity

• Self care

• Eat, dress, use toilet

• Walk indoors around 

the house

• Walk a block or 2 at 2-3 

mph

• Light housework, 

dusting, dishes

• Climb flight of stairs or 

walk up a hill

• Walk on level ground at 

4 mph

• Run a short distance

• Heavy housework, 

moving furniture, scrub 

floor

• Golf, tennis, bowling

• Swimming, football

1 MET to 4 METs 4 METs to 10 METs

Unknown

Poor (<4)

Good (4-7)

Excellent (>7)



Surgical 

Cardiac Risk*

• High risk (>5%):
– Emergent major 

operations, esp. in 
elderly

– Aortic and other major 
and peripheral 
vascular

– Anticipated prolonged 
procedure or large 
fluid or blood shifts

• Intermediate risk (1-
5%)
– Carotid 

endarterectomy, head 
and neck surgery

– Intraperitoneal and 
thoracic

– Orthopedic and 
prostate

• Low risk** (<1%)
– Endoscopic

– Superficial

– Cataract

– Breast

*Combined cardiac death or nonfatal 

MI

** Generally needs no further 

preoperative testing



Highlights of Assessment and 

Management
• Patient Characteristics

– Ischemia

– Pump function

– Rhythm

– Other

• Procedure characteristics

– Risk features

– Particular stresses

Amount of jeopardized myocardium

Ischemic threshold

LV function



Highlights of Assessment and 

Management - 2

• Step 1: Urgency of procedure - if urgent, goals 
become perioperative medical 
recommendations and surveillance, but 
cardiac risk is (2-5 times) higher in emergent 
operations

• Step 2: Prior revascularization - if within 5 yr 
and no recurrent symptoms or signs, proceed 
to surgery

• Step 3: Prior coronary risk evaluation - if 
angiography or stress test within 2 yr, 
favorable and stable, proceed to surgery



Highlights of Assessment and 

Management - 3
• Step 4: Assess Risk

– Major Clinical Risk (unstable coronary syndrome or 
severe angina, decompensated CHF or arrhythmia or 
severe valve disease) generally delay surgery until 
stable, may need catheterization.  NOTE: It is almost 
never appropriate to recommend CABG or PCI to reduce 
the risk of surgery when they would not otherwise be 
indicated.

– Intermediate Clinical Risk (mild angina, prior MI, 
compensated CHF, DM) assess functional capacity and 
surgical risk to determine management.

– Minor Clinical Risk (age >70, abnormal ECG, non-sinus 
rhythm, low functional capacity, prior stroke, uncontrolled 
Htn) assess functional capacity and surgical risk to 
determine management.



Highlights of Assessment and 

Management - 4

Major Risk Intermediate Risk Minor or No

Risk

Functional Status: (<4METs)   (>4METs) (<4METs)     (>4METs)

Surgical Risk: High     Intermediate   Low     High   Intermediate

or Low

Noninvasive Test: yes     to OR yes to OR
Low risk Low risk

High Risk Noninvasive – consider catheterization

Delay Procedure



Duke Treadmill Score

• Bruce Protocol Exercise time (min)

• -5*ST depression (mm)

• -4*Angina index
– No angina – 0

– Angina – 1

– Limiting angina – 2

• Risk stratification:
– Low risk (62% prevalence, 0.25% ann mort) >+4

– Mod risk (34% prevalence, 1.25% ann mort) –10 
to +4

– High risk (4% prevalence, 5.0% ann mort) < -10

ACC/AHA Chronic Stable Angina Guidelines, JACC, 2002 p. 2126



Results of Noninvasive 

Testing
• High Risk (>3% ann mort)

– LVEF <35%

– Duke treadmill score <-10

– Large reversible defect (esp 
anterior)

– Multiple moderate reversible 
defects

– Large fixed defect with LV 
dilation or lung uptake

– Moderate reversible defect 
with LV dilation or lung 
uptake

– Echo hypokinesis (2 segs) at 
<10 dobutamine or HR<110

– Echo extensive stress 
hypokinesis

• Intermediate Risk (1-3%
ann mort)
– LV EF 35-45

– Duke treadmill score 4 to –10

– Moderate reversible defect

– Echo hypokinesis of 1-2 
segments at higher stress

• Low Risk (<1%)
– Duke treadmill score >5

– Normal or small perfusion 
defect

– Normal stress echo or mild 
resting wall motion 
abnormality without decrease 
during stress

ACC/AHA Chronic Stable Angina Guidelines, 2002.



Indications for Cardiac 

Catheterization
• Class I:

– High-risk noninvasive 
test

– Angina refractory to 
adequate medication

– Unstable angina

– Equivocal noninvasive 
test in high risk patient 
for high risk surgery

• Class II:
– Intermediate-risk 

noninvasive test

– Equivocal noninvasive 
test in low risk patient for 
high risk surgery

– Recent MI and urgent 
surgery

– Perioperative MI

• Class III:

– Low risk surgery and low 

risk noninvasive test

– Screening for CAD 

without noninvasive test

– Mild stable angina with 

low risk noninvasive test

– Patient not a 

revascularization 

candidate, with or without 

low LV EF, or unwilling to 

consent for 

revascularization

– Prior normal coronary 

angiogram within 5 yr



Specific Clinical Situations

• Hypertension: should be controlled; if 

DBP>110, generally delay procedure

• Valvular disease: same as non-

operative

• Myocardial disease: same as non-

operative

• Arrhythmia: same as non-operative



Noninvasive testing

• Generally best – exercise testing

• Other coronary stress tests

• Resting LV EF: patients with current or 

poorly controlled CHF

• Holter: usual indications

• Catheterization, coronary angiography



Further Management
• Generally continue chronic medications, 

including beta-blockade, calcium blockers, 
diuretics, digitalis preparations, nitrates

• Preoperative ICU care: decompensated CHF 
patients, perhaps

• Thromboembolism prophylaxis: more to come

• Anesthetic and intraoperative recommendations: 
leave to anesthesia

• Postoperative recommendations:

– ECG in patients with perioperative signs of 
cardiovascular dysfunction or known or suspected 
CAD

– Enzymes in patients with ECG changes or other high 
risk subsets



Thromboembolism 

Prophylaxis

• Risks: Advanced age, prolonged 

immobility/paralysis, prior TE, 

malignancy, major operation (abd, pelv, 

lower ext), CHF, MI, stroke, fx pelvis or 

lower ext, coag disorder.

ACC/AHA Guidelines for Perioperative Cardiovascular 

Evaluation for Noncardiac Surgery, 1996



Thromboembolism Prophylaxis -

2
• Minor Surgery

• Nonmajor surgery 

• Major surgery

– Abdomen

– Pelvis

– Lower extremity

• Procedure-related risks: site, technique and 

duration, type anesthesia, infection, 

postoperative immobilization 

6th ACCP Conference on Antithrombotic Therapy, Chest 119:Suppl 1, Jan 

2001.



Thromboembolism Prophylaxis -

3
• Clinical Risk Factors

– Increasing age

– Prolonged immobility, stroke or paralysis

– Prior VTE

– Cancer and its treatment

– Major surgery

– Trauma, esp. fx of pelvis, or lower ext

– Obesity

– Varicose veins

– Cardiac dysfunction

– Central venous catheters

– Inflammatory bowel disease

– Nephrotic syndrome

– Pregnancy or estrogen use

6th ACCP Conference on Antithrombotic Therapy, Chest 119:Suppl 1, Jan 

2001.



Thromboembolism Prophylaxis -

4
• Thrombophilic disorders (hypercoagulable 

state)
– Activated protein C resistance (Factor V Leiden)

– Prothrombin variant 2010A

– Antiphospholipid antibodies

– Deficiency or dysfunction: Protein C or S or 
heparin cofactor II

– Dysfibrinogenemia

– Decreased plasminogen and plasminogen 
activator levels

– Heparin-induced thrombocytopenia

– Hyperhomocystinemia

– Myeloproliferative disorders: polycythemia vera, 
primary thrombocytosis

6th ACCP Conference on Antithrombotic Therapy, Chest 119:Suppl 1, Jan 

2001.



Thromboembolism Prophylaxis -

5
• Low risk:

– Minor surgery in pt <40 yr, no risks

• Moderate risk:
– Minor surgery in pt, add’l risks

– Nonmajor surgery in pt 40-60 yr, no add’l risks

– Major surgery in pt <40 yr, no add’l risks

• High risk:
– Nonmajor surgery in pt >60 yr or add’l risks

– Major surgery in pt >40 yr or add’l risks

• Highest risk:
– Major surg in pt >40 yr plus prior VTE, cancer, molecular 

hypercoagulability, hip or knee arthroplasty, hip fx surg, 
major trauma, spinal cord injury

6th ACCP Conference on Antithrombotic Therapy, Chest 119:Suppl 1, Jan 

2001.



Thromboembolism Prophylaxis -

6
• Low risk:

– Early ambulation

• Moderate risk:
– Low dose unfractionated heparin or LMW heparin or Elastic 

(graduated compression) stockings or Intermittent 
Pneumatic compression

• High risk:
– Low dose unfractionated heparin or LMW heparin or 

Intermittent Pneumatic compression (no Elastic (graduated 
compression) stockings)

• Highest risk:
– Low dose unfractionated heparin or LMW heparin PLUS 

Elastic (graduated compression) stockings or Intermittent 
Pneumatic compression

6th ACCP Conference on Antithrombotic Therapy, Chest 119:Suppl 1, Jan 

2001.



Thromboembolism Prophylaxis -

7
• Low molecular weight heparin versus unfractionated 

heparin

– Recommendation preference depends on specific condition

– Preference to unfractionated heparin:

• Gynecologic surgery not highest risk

– Preference to LMW heparin:

• Orthopedic surgery

• Trauma

• Acute spinal cord injury (strong preference)

– No preference:

• General surgery

• Urologic surgery

6th ACCP Conference on Antithrombotic Therapy, Chest 119:Suppl 1, Jan 

2001.



Age and Perioperative Risk

• Surgery 1989-1994

• 4315 Patients >50 yo

• 4898 Surgical procedures

– Elective

– Major (estimated hosp stay at least 2 days)

– Orthopedic 30%, Intrathoracic 11%, AAA 

4%, Abdominal 11%, Vascular 15%, Other 

29%
Polanczyk, Carisi A. MD, ScD et al. Impact of Age on Perioperative 

Complications and Length of Stay in Patients Undergoing Noncardiac 

Surgery. Ann Intern Med, April 17, 2001;134:637-643.
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Age and Perioperative Risk
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Perioperative Cardiac Complication and 

Age

Polanczyk: Ann Intern Med, Volume 134(8).April 17, 2001.637-643
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Perioperative NON-Cardiac 

Complication and Age

Polanczyk: Ann Intern Med, Volume 134(8).April 17, 2001.637-643
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Perioperative NON-Cardiac 

Complication and Age

Polanczyk: Ann Intern Med, Volume 134(8).April 17, 2001.637-643
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Age and Perioperative Risk:

Risk Factors for Complications

• Age (70-79 RR 1.8, >80 RR 2.1)

• Nonwhite ethnicity (Boston) 1.8

• CHF borderline  1.4

• Cerebrovascular Dz 1.8

• Thoracic Procedure 2.6

• AAA Repair 3.3

• Not ischemic heart disease, gender, 

hypertension, diabetes, chronic lung disease, 

CRF, PUD

Polanczyk: Ann Intern Med, Volume 134(8).April 17, 2001.637-643



“Simple” Risk Index

• High risk surgery

• Ischemic heart disease

• CHF

• Cerebrovascular 

disease

• Preoperative insulin

• Creatinine >2.0

• 0 factors – 0.3%

• 1 factor – 1.3%

• 2 factors – 4.0%

• >2 factors – 9.0%

Lee TH et al.  Derivation and prospective validation of a simple index for 

prediction of cardiac risk of major noncardiovascular surgery.  Circulation

1999;100:1043

Major cardiac

complication rate



Prevalence and Impact of Risk Factors
• High-risk surgery (31%, risk 3%): intraperitoneal, 

intrathoracic, or suprainguinal vascular

• Ischemic heart disease (33%, risk 4%): prior MI, prior +ETT, 

current angina, NTG use, pathol Q’s (not ST-T abnl or prior 

CABG or PCI only)

• CHF (15%, risk 5%): CHF, pulm edema or PND by hx, 

bilateral rales or S3, CXR pulm redist

• Cerebrovascular dz (10%, risk 6%): history of TIA or stroke

• Insulin therapy (4%, risk 6%)

• Creatinine >2.0 (4%, risk 9%)

(Not assessed: recent MI or critical AS, UA, class 4 CHF, or active TIA)

Lee TH et al.  Derivation and prospective validation of a simple index for 

prediction of cardiac risk of major noncardiovascular surgery.  Circulation

1999;100:1043



ACP Guideline - 1997

• Also available

• Similar in impact

Guidelines for assessing and managing the perioperative risk 

from coronary artery disease associated with major 

noncardiac surgery. American College of Physicians. Annals
of Internal Medicine. 127(4):309-12, 1997 Aug 15.



American 

College of 

Physicians 

Guideline - 1



American 

College of 

Physician

s 

Guideline 

- 2



American 

College of 

Physician

s 

Guideline 

- 3



American 

College of 

Physician

s 

Guideline 

- 4



American College of 

Physicians Guideline - 5



American College of Physicians Guideline - 6



American College of Physicians Guideline - 7



American College of Physicians Guideline - 8



American College of Physicians Guideline - 9



American College of Physicians Guideline - 10



Ischemic Cascade

1. Supply/demand imbalance

2. Diastolic dysfunction (4 sec)

3. Systolic dysfunction (6 sec)

4. Elevated LV filling pressure

5. ECG changes (20 sec)

6. Angina (25 sec)

From Sigwart U, et al, Silent Myocardial Ischemia 1984

and Armstrong WF, Prog Cardiov Dis 1997;39:499-522
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