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INTRODUCTION 
Norhing frustrates more than clinicians exhausting efforts 

to explicitare with emparhy to patient's comprehension and 
submission for a non-cardiac vascular surgery rhar goes 
successfully under the wisdom of a surgeon who held the knife 
in fine skills and expertise ... and the patient succumbs of a 
cardiac evenr. 

Scientific advancement lead to the understanding of 
atherosclerosis as a systemic disease, potentially affecting 
multiple vascular beds including the coronaries. The specific 
association of coronary artery disease (CAD) and peripheral 
vascular disease (PVD) is well established. And the resultant 
co-morbidity impacts on the peri-operacive risk associated wirh 
surgical revascularizarion and significantly affects overall 
survival. 

Significance 
Approximately 90% with PVD has concomitant diffuse 

arherosclerosis 1 and about 50% of chem have severe CAD2
• 

Acute myocardial infarction (AMI) has been noted to be the 
major cause of post-operative death in these patients3 • This 
cardiac complication pose one of the most significant risks ro 
patients with vascular disease undergoing major non-cardiac 
or vascular surgery. Apart from the high incidence of significant 
CAD\ the elevated risk of peri-operative cardiac complication 
has been acrribured to physiologic factors associated with 
surgery, which predispose co myocardial ischemia. This include 
volume shifts and blood loss; enhanced myocardial oxygen 
demand from elevations in heart rare and blood pressure 
secondary to stress from surgery; and an increase in post
operative platelet acrivity5

• 

These data have led to the controversy on whether an 
aggressive risk strarification by sending these patients directly 
to coronary angiography and revascularization is prudent or 
rather a more selective clinical and non-invasive evaluation 
and intervention. Subsequently, a myriad of strategies to 

• From rhe Philippine Hearr Center

identify high risk patients have been formulated and many 
algorithms have been proposed combining clinical risk indices6•7-

11, exercise treadmill tesring12-14 ambulatory electrocardiography 
(Holter monitoring) 15-18

, radionuclide ventriculography
(RNVG) 19·20, dipyridamole thallium scintigraphy (DTS) 21-25, 

doburamine stress echocardiography26·27, and coronary 
angiography u8• This vast array of rests and multiple proposals 
indicares the absence of a consensus in rhe optimal approach 
for stratification in patients with PAD. 

The challenge then to the clinician faced with this 
accountability are: 1) abiliciy to thoroughly assess clinically 
patients' risks and, 2) ability to modify management decisions 
ro achieve appropriate risk-benefit and long-term outcome. 
Thus, a considerable amount of time and resources have been 
spent in stratifying patients into chose who may be at higher or 
lower than average risk. The benefits of effective risk 
stratification prior to major non-cardiac surgery are: first, 
facilitate decision making to better assess the risk/benefit ratio 
of surgical plan. This may identify patients whom the cardiac 
risks are so high chat they outweigh the potential benefits of 
therapy, subsequently indicating a more conservative surgical 
approach. The second is to improve operative risk and late 
survival. This focus may distinguish patients with clinical 
problems chat may be corrected before surgery or chose who 
are most likely to benefit from risk-reducing interventions such 
as invasive monitoring. Thirdly, identification of low-risk subset 
and permit expeditious and cost-effective surgical management. 
Thus , data will be presented here in an attempt to discuss an 
appropriate approach co patients with coronary artery disease 
requiring non-cardiac peripheral vascular surgery. 

Peripheral Vascular Diseases and the Coronaries 

The clinical impact of the prevalence of CAD in PYO is 
variable depending on che specific primary vascular disease 
(e.g. aortic aneurysms; carotid disease; and lower extremity 
occlusive disease) and their natural history, with and without 
intervention. The basis of which, depends also on the early 
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recognition based on presence or absence of clinical CAD or 
by non-invasive modalities. Data on rhe epidemiological 
evidences are reviewed. 

One of the landmark studies which defined coronary 
disease in patients with PVD classified 1000 coronary 
angiograms and reviewed the results of surgical managemenc.1

T he primary vascular diagnosis was abdominal aortic aneurysm 
(AAA) in 263 patients (mean age, 67 years), cerbrovascular 
disease (CVD) in 295 (mean age, 64 years), and lower extremiry 
ischemia or arteriosclerosis obliterans (ASO) in 381 (mean 
age, 61 years). Using angiographic criteria of >50% srenosis, 
61 % of the patients had significant CAD whereas almost similar 
incidence (57%) was noted using 70% luminal reduction. CAD 
was defined as follows: 
Definition: CAD Classification 

• Normal Coronaries
• Mild-Mod CAD ( no > 70% srenosis; w/ measurable

disease of LI coron)
• Advanced but compensated CAD (wl> 70% stenosis

of LI coronary; no immediate need for CABG
• Severe Correctable CAD (w/ > 70% srenosis of LI

coron; (+) risk for MI)
Severe Inoperable CAD (w/ > 70% srenosis of > I
coron; nor candidate for CABG)

The incidence of single and multi-vessel disease was 
remarkably similar, irrespective of rhe principal vascular 
diagnosis. Left venrriculography showed 68% of patients wirh 

Table 1: Result of Cardiac Cath 

AbdAo Lowerfu OI Otho-Total 
Anewysm lsdic:mia Di=sc 

No. % No. % No. % No. % No. % 

Stcnosis > 50%

RCA 130 49 177 46 123 42 26 43 456 46 

LCA 
LM 13 5 15 4 16 5 I 2 45 4 

LAD l 01 38 l I 5 30 10 l 34 I 8 30 335 34 

LCX 97 37 134 35 97 33 17 28 245 34 

Single Vessel 69 26 79 21 69 23 l 7 28 234 23 

Double vessel 53 20 77 20 59 20 12 20 201 20 

Triple Vessel 24 21 67 18 49 17 7 12 177 18 

LV lmpairmnc 
None 179 68 251 66 211 71 42 69 683 68 

Segmemal 63 24 80 21 18 18 12 20 207 21 

Diffuse 2 I 8 50  1 3 11 11 7 11 110 11 

normal LV function, 21 % had segmental akinesia in the 
distribution of previous infarctions, and 11 % had diffuse LV 
impairment (Table I). 

Severe correctable CAD was identified in 25% of rhe entire 
series (AAA, 31 %; CVD, 26%; and ASO, 21 %) (Table 2). A 
number of factors ocher than the primary vascular diagnosis 
influenced the distribution of severe CAD, most notably the 
clinical cardiac starus (previous myocardial infarction, angina 
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Table 2: Angiographic Classi fication of CAD to 1° PVD 

CID AbdAorta Lower Ext 0/ Otho- Total 
Aneut),m 1sd,,mia Oi5casc 

No. % No. % No. o/o No. % No. o/o 

Normal 16 6 38 10 27 9 4 7 85 8 

Mild-Mod CAD 77 29 125 33 94 2 21 34 317 32 

Advance but 
Compensated 77 29 111 29 80 27 21 34 289 29 

Severe,Correcrable 81 31 79 21 77 26 14 23 251 25 

Severe, lnoprable 12 5 28 7 1 7 6 2 58 6 

pecroris and EKG evidence of previous MI, ST-T changes, left 
bundle branch block), sex and age, and diabetes mellitus were 
noted. 

T here was a clear distinction between rhe results of 
coronary angiography among patients wirh and without clinical 
indication of CAD as shown in Table 3. A normal coronary 
system or mild to moderate CAD was demonstrated in 22% 
and 63%, respectively. Severe, surgically correctable CAD was 
found in 34% of patients with clinical CAD (AAA, 44%; CVD, 

Table 3: Angiographic Classification of CAD According to Clinical 
Indications 

Cb,. Coronary Disease 

Coronary Artery Disease No Indication Suspected 

No. o/o No. o/o 

Normal Coronaiy Arteries 6i 14 21 4 
MildcoModerareCAD 218 49 '1) 18 

Adv.mre:I Bur Compensated CAD 'J7 22 192 34 

Severe, ameaableCAD 63 14 188 34 

Severe, lnoperableCAD 4 54 10 

33%; ASO, 30%) and in 14% of rhose who were not (AAA, 
18%; CVD, 17%; ASO, 8%), while inoperable CAD was 
already present in I 0% vs. 1 % of these groups, respectively. 

Cardiac procedures (2 I 6 CABG) were performed in 226 
parienrs (AAA, 30%; CVD, 22%; ASO, 19%), wirh 12 (5.3%) 
post-operative deaths. A coral of 796 patients underwent I 066 
peripheral vascular operations with an early mortality of 2% 
with only one death. While the overall operative mortality for 
1292 cardiac and vascular procedures was acceptable at 2.6%, 
the study exemplifies rhat preoperative cardiac cathererization 
and revascularization in patients for vascular reconstruction 
may be recommended to patients with clinical indications of 
CAD. Beyond rhe important influence of primary vascular 
diagnosis, it underscores rhe significance of clinical risk 
srrarification in identifying those who would best benefit 
invasive diagnostic strategies. 

Natural History 
Central to the formulation of management strategies 1s 

the understanding of rhe natural course of the disease process. 
In a I 0-year follow-up of 565 patients (average age 66 years)2 
67 patients documented to have peripheral arterial disease 
(PAD) by segmental pressure studies, crude, sex specific 
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Table 4: Crude Sex Specific 10 - Yr Mortality Rates/100 Subject and 
Age Adjusted (RR) of Death According to the Presence or 
Absence of LV-PAD 

MEN No. 

All causes 

CVD 

CHO 

Other 

All Subjects Excluding those W/ CYD at Base Line 

Nonna! LY-PAD RR Nonna! LY-PAD RR 
(95%C0 (95%CO 

183 34 162 24 

16.9%(31)61.8%(21) 3.3 14.2(23) 54.2(13)
( I. 9-6) 

7.7(14) 41.7(16) 5.1 
(2.4-10.8) 

5.5(10) 35.3(12) 5.8 
(2.4-14.3) 

5.6(9) 33.3(8)

3.7(6) 25.0(6)

3.1 
( 1.5-6.4) 

3.9 
( 1.5-10.6) 

5.1 
(I.5-16.8) 

9.3(17) 14.7(5) 1.6 8.6(14) 20.8(14) 2.3 
(0.6-45) (0.8-6.8) 

WOMEN No. 225 33 204 20.8(14) 2.3 

All causes 

CYD 

CHO 

Other 

11.6(26) 

3.6(8) 

2.2(5) 

8.0(18) 

33.3( 11) 2.5 11.3(23) 34.9(9)
: I .2-5.3) 

18.2(6) 4.8 2.9(6) 15.4(4)
(1.6-14.7) 

9.1(3) 4.8 2.5(5) 3.9(l)
( 1-22.3) 

15.2(5) 1.6 8.3(17) 19.2(5)
(0.6-4.4) 

2. 7

( I .2-6) 
5. 7

(1.4-23.2) 
1.9 

(0.2-18.5) 
1.9 

(0.7-5.2) 

mortality co all causes and relative risks were higher in both 
men and women with large vessel PAD (LV PAD) compared 
with normal subjects, though absolute values were lower in 
women (Table 4). 

Table 5: Cox Proportional Hazards Analysis of the Relative Risk (RR) 
of Death Among Subject with LV PAD 

All Subjects Excluding Subj W/Baseline CVD 
Cause of (N=474) (N=415) 
Death 

No. RR No. RR 

(95% CI) (95%CI) 

All Causes 8 9  3.1 (1.9-4.9) GG 3.1 ( 1.8-5.3) 
CVD 4 4  5.9(3.0-1 1.4) 27 G.3(2.6-15.0)
CHD 30 G.G(2.0-14.9) 1 8  4.3(1.4-12.8) 

15x-Morcaliry-Sevcre PAD 
Cardiovascular diseases were noted to be the major cause 

of death. T he elevated relative risks and 95% confidence 
intervals derived from proportional-hazards models adjusted 
for age, sex, number of cigarettes smoked per day, systolic BP, 
HDL and LDL cholesterol, the logarithm of triglyceride level, 
FBS, BM!, and selection criterion arc shown in Table 5. 

Asymptomatic disease was associated with markedly 
reduced survival as compared with the normal subjects, and 
symptomatic disease, with an even poorer prognosis (Figure I). 
T he subgroup with severe symptomatic LY-PAD had the worst 
prognosis; only one in four subjects survived 10 years. Figure 
2 shows similar results after rhe exclusion of the subjects who 
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had evidence of cardiovascular disease at baseline. 
Ir was demonstrated therefore, rhar overall prognosis for 

patients with LV-PAD is poor, even for asymptomatic patients 
and becomes worse with increasing severity of disease with 4 
co 7 times the risk for mortality from all cause, and up co 15 
times from cardiovascular d i sease than cheir normal 

1 
0.5 

(/) 

0.25 -1---------�--l<--� 

1 2 3 4 5 6 7 8 9 10 11 12 

Year 

+-Ncnm] 

Sugects n=4C6 
-D-�LVPAD 

n=49 
-tr- Syrrp LV PAD

n=49
-1(--- Sev. �Tq) n=3 

Figure 1: Kaplan Meier SuNival CuNes based on mortality from all 
causes among N subject with symptomatic or asymptomatic 
LV PAD 

1 2 3 4 5 6 7 8 9 10

Year 

+-Nccma] 

Subjects n=408 
-o-Asymp LV PAD 

0=49 
-tr-Syrrp LV PAD 

11=49 
--)(- Sev. Synl) n=3 

Figure 2: Kaplan Meier SuNival CuNes based on mortality from all 
causes among N subject with symptomatic or asymptomatic 
LV PAD after exclusion of subject with evidence of CVD at 
baseline 

counterparts. 
Ultimately, with the bleak long-term outcome, not only 

the necessity for intervention is deemed vital, bur also the crucial 
role of clinical and non-invasive risk stratification prior. T his 
was optimized combining clinical and thallium data in pre-op 
assessment before major vascular surgery in 200 patients (67, 
aorro-iliac/fcmoral; 71, abdominal aortic aneurysm; 6 2, 
femoro-poplireal/carorid endarterectomy), average age of 66±9 
years.23 Thirty patients who had one or more post-op events
were compared with 170 who had not. Univariate correlates 
of post-op ischemic events (p<0.05) included history of Ml, 
CHF, diaberes, and S3 gallop on examination (Table 6). The 
presence of pathologic Q waves on resting ECG, chest pain, 
or ischemic ECG changes during dipyridamole infusion, and 
evidence for redistribution on delayed thallium images were 
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Table 6: Comparison of Patients With and Without Postop Cardiaclschemic Events after Vascular Surgery
Variables Post Op Isch No Postop p wlueEvent (n=30) Event (n= 170)
OiniGI!VariahlesAge> 70y= 15 (50) 55(32) 0.06 Male 24(8) 117(69) NS Hxofangina 16 (53%) 42(25%) 0.003 QwaveonECG 14 (47) 25(15) 0.(XX)2HxofMl 13 (43) 33(19) 0.027 
llxC!ff 7(23) 12(7) 0.017Diabetes i0 (33) :XX12) 0.03 S3Gallop 2 (6) (XO) <0.01Hx oNenrricular Ecropy 4 ( 13) 7(4) 0.10Hypenension 18 ((-l)) 1((,(62) NSSmoking 15 (50) 98(58) NS Chronic Lung Disease 1 (3) 8(5) NSDri�A'>A Index 3.0 (2 .63-337) 27(262-278) NS Goldman Index 7.0 ( 5 .53-9.47) 4.8( 4.23-537) 0.Q9 Modified Goldman lncb 7.2 (4 .66-9.47) 3.7(3.05-435) <0.001AoFemoral Bypa� 8 (27) 59(35) NS Alx!AoAneurysm Resection 9(30) 62(36) NSPeripheral ½scular Disease 13 (43) 49(29) NSDipyridamole 11ialliwn Tesc VariableChesr pain during resr 10 (33) 23(14) 0.01 lschemic ECG 01anges l(i(53) 2')'.17) 0.CXXJlFixed Tliallium Defea 14 (47) 53(31) 0.10 Red&riburion omialliurn 25(83) 57(34) <O.CXXJI

additional correlates . Twenry-five of the 30 patients with post-
op events (83%), including all 6 wich cardiac death, had
thallium redistribution pre-operatively. 

Univariate correlates of che firmer post-op endpoints-
cardiac death or MI in 15 patients are listed on Table 7 which
Table 7: Compari son of Patients With and Without Postop Ml or CardiacDeath after Vascular Surgery

PoscOp No Postop lnfaccion or I nfacrtion or p valueCardiac Dea1h CardiacDeath(n=15) (n=l85)
Clinictl ¼riahle; Age>70year.; (i(liO) 64(34) NiHxofAngina �<il) 4m O.QI QwaveonECG 8(53) 32(17) 0.002HxofMJ (,(Ii()) 4<X22) 021 HxofCHF 5(33) 14(8) 0.CXXJI
DM 2(13) :0'.16) 0.02 S3Gallop 2(13) (XO) 0.(XX).3HxoNemricular Ecropy CX:O) 11(6) Ni Dripp;ASA!ndex 3.0(267-333) 27(26?>-271) 023Goldman index 6.0(333-8.67! 5.0(4.36-5.64) NiModified Goldman Index 5.7(209-931 I 4.1(3.414.79) NiDipyrid1lTIOle ln..,llium Test ½rChescpainduringexercise 3(20) :0'.16) Ni IschChange;inF.CG (J._(j)) 36(19) 0.CXX:,3fo:oo llialliwn Defect 8(53) 59(32) 0.09 Redisr ofThallium 13(87) 6'XJ7) o.cro2
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included history of angina, CHF, diabetes, S3 gallop, parhologic
Q waves, ischemic ECG changes during dipyridamole infusion
(9 of I 5 parients), and rhallium redistribution (13 of 15). T he
multivariate predictors of post-op ischemic events by logisric
regression included: Q waves on ECG, history of angina, hisrory
of ventricular ectopic acciviry requiring treatment, diabetes
requiring ocher than dietary therapy, and advanced age (p<O.O I). 
The 2 independent dipy-rhallium predictors were thallium
redistribution and ischemic ECG changes during or after
dipyridamolc infusion (p<0.01). When both clinical features
and thallium data are considered, both dipy-rhallium variables
and all 5 clinical variables enter this combined model. Although 
evidence of thallium redistribution pre-op was che most sensitive
of che independent variables, it was less specific than several
of the clinical variables, particularly Q waves on ECG (Table
8).
Table 8: Sensitivity, Specificity, and Cl (95%) for 7 Multivariate Predictorsof PostOp lschemic Event 

Prediccors
Rc<list. on Thallium Imag ingQ wave on ECG Isch Changes on ECG afterOipyri damol infusionAge of> 70 yearsHx of Angina Hx ofVenc. Ectopi c Activ ityDiaberes

Clinical Variables Alone Disease Present Absent
Test

Tora!

+�
�30 170 

Thalliwn VariablesAlone Disease Present Absent
Tesr

·�
Total 30 I 70

Sensitiv ity Specificity% (95%C I)
83 (65- 94) 47 (28 -66)53 (32-72)
50 ( 30-6 9) 53 ( 32-72) I 3 ( 1 to 28) 33 (18 - 53)

66 (5 9-75) 85 (78-90) 83 (77 - 88)
68 (61-75) 75 (68-81)  96 (86- 1 00) 88 (75- I 00)

Sensitivity 83% (Cl, 65% co 94%)
Specificity 69% (Cl, 62% to 76%)
% Correct 71 (CI, 65% to 78%)

Sensitivi ty 83% (Cl. 6:,% to 94%)
Specificity 66% (CI, 59% to 75%)
% Correct 69 (CI, 64% to 76%)

Thalliwn Variables+ Clinical VariablesDisease PresentAbsenc
Test + 24 T 32 Sensitivity 80% (Cl, 63% to 94%)

l 6 I 1 38 Specificity 81 % (CL 74% co 90%)
Toca! 30  170 % Correct 81 (Cl. 74% to 88%)

Figure 3: Model for predicting postop cardiac ischemic events
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In Figure 3, the clinical variables and the dipy-thallium 
test models showed nearly equivalent sensitivity and specificity 

at comparable cutoff threshold points. However, rhe model 
using borh clinical markers and dipy-thallium results showed 
significantly higher specificity ar equivalent sensitivity levels 
rhan those employing either clinical variables alone (p<0.05) 
or exclusively thallium features (p<0.01). 

The strategy for using clinical variables and dipy-thallium 
redistribution and its application in rhis group of 200 patients 
is summarized in Figure 4. Of patients with none of the 5 
clinical (n=64), only 2 patients (3.1 %) suffered post-op cardiac 
ischemic events. There were no cardiac deaths in this subgroup. 
On rhe other extreme, 10 of 20 patients (50%) wirh 3 or more 
clinical markers experienced post-op ischemic events. Patients 
with eirher 1 or 2 clinical variables appeared ro have an 
intermediate risk, with 18 events in 116 parienrs (15.5%). 

64 
I 

No Clin I variable 
I 2/64(3.1%) [Cl 0-0,08) 

ALL PATIENTSl 200 
116 

� l or 2 Clin Variables I 

2/62(3.2%) j 16/54 (29.65) (CI 0-0.8) I Cl 0.16-0.44)No Thal Dhtbn W / Thal Distbn 
. 

20 11 3 or more Clin I variables I
I 10/20(50%) j Cl 0.29-0.71) 

Figure 4: Algorithm for using clinical variables and results of dipyridamole 
thallium imaging 

Presence or absence of thallium redistribution further separated 
rhis group into low- and high-risk categories. Only 2 of rhe 62 
patients (3.2%) without thallium redistribution had events 
compared with 16 events in the 54 patients (29.6%) with 
thallium redisrriburion. 

Ir appears therefore rhar pre-op dipy-rhallium imaging is 
even mosr useful ro stratify vascular patients determined ro be 
at intermediate risk by clinical evaluation such that wirh one 
or two c)inical predicrors, thallium redistribution correlates 
with substantial change in the probability of events. And for 
nearly half the patients, however, thallium imaging may have 
been unnecessary because of very high or low cardiac risk 
predicted by clinical information alone. 

The implication of this landmark scudy was further validated 
in a large prospective cohort involving 1,081 vascular surgical 
candidates using a Bayesian model29

• This approach assumes 
that a patient's pretest, or "prior," probability of complications 
can be assessed on a clinical basis and that this probability can 
then be modified by adding incremental, independent 
information provided by a diagnostic test. A "training set" of 
567 patients were used to develop the model and 514 patients 
were used to validate it ("validation set"). Risk scores were 
developed using logistic regression for clinical variables: 
advanced age (>70 years), angina, history of MI, CHF, diabetes 
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mellicus, and prior coronary revascularization. A second model 
was developed from dipy-rhallium predictors of MI (i.e., fixed 
and reversible myocardial defects and ST changes). The post
operative cardiac event rare was 8% for both sets. Prognostic 
accuracy was 74±3% for the clinical and 81±3% for the clinical 
and dipy-rhallium models. The utiliry of stratification according 
to the model's risk estimates is illustrated in Figure 5. When 
the clinical model was applied to all 1,081 patients, the observed 

Estlmalcd Risk l..cvd 

Clinical Assessment Only 

1.081 Pts. 
� 

Low Moderate 
ObS£>rued £1.-e,u rate -• / 3% 
95%C.I. --+ / (1-7%) 

8% 
(6·10%) 

<p0.0001 

High 
18% 

(12-24%) 

Olpyrtdamole I Oipyrtdamole 
·111a1uwn Dlpyrtdrumle Thalllwn 

344 Pts. ThrJllum 187 Pts. 

� 550 Pts. ..---------i---
Low Moderate High

� 

Low Moderate High 
3% 3% ()OA, 12% 7% 24% 
(2-6%) (0-16%) (0-12%) (3-31%) (0-21%) (15-30%) 

Low Moderate High 

3%( I 1 /345) 9%(7 /76) 19%(24 / 129) 
(2-6%) (4-18%) (13-26%) 

p<0.0001 

Figure 5: Validation assessment 

event rates were 3%, 8%, and 18% for patients classified as 
low (0-5%), moderate (5-15%), and high risk (>15%), 
respectively, (p<0.0001). However, dipy-thallium testing 
provided no further risk discrimination among rhe patients 
defined as either low (p=0.610), or high (p=0.11) risk according 
ro the clinical model. 

Thus, the clinical implicarion as suggested in the figure 
presented, demonstrates a spectrum of clinical markers only, 
weighted according to the prognostic impact, may significantly 
airer the prior probability of a postoperative cardiac event in a 
substantial number of patients referred for dipy-rhallium, thus, 
obviating rhe need for the more expensive cardiac screening. 
le also indicates a valuable estimate to stratify cardiac risk in 
patients not considered for further testing because of the urgency 
of the vascular procedure. However, it is also apparent that 
the dipy-thallium reliably reclassifies a majority of intermediate 
risk patients into low or high risk categories. 

Surgical Outcome Based on Primary Vascular Disease 
Clinically applied, the relative contributions of specific 

vascular procedures and CAD markers on peri-operative and 
long-term cardiac risk was evaluated in a cohort of 547 patients 
who underwent clinical evaluation, dipy-thallium, and either 
aortic (n=321 ), infra-inguinal (n= 177), or carotid (n=49) 
vascular surgery followed-up for 5 years.30 The prevalence of 
cardiac risk factors such as history of MI, CHF, fixed and 
reversible dipy-thallium defects, and diabetes are all significantly 
greater among patients undergoing infra-inguinal procedures 
(Table 9). 
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Table 9: Distribution of Clinical and DTHL Variable According to the Type of Surgical Procedure 

Procedure 
Aortic Infraing Carotid Overall Ao vs Inf Car vs Inf 

(n=321) (n=l77) 
(%) (%) 

Variable 
Mean Age 66±10 68±9 
Adv.age (> 70y) I I 0(34) 69(39) 
Male 222(69) I 16(66) 
Hx ofMI 111(35) 88(50) 
Hxof angina 67(2 I) 55(3 I) 
HxofCHF 16(6) 32(18) 
OM 34(11) 67(38) 
PriorCABG 39(12) 24(14) 

Dipyridarnole Thallium Results 
Fixed Defem 135(42) 99(56) 
Reversible Def 129(40) 95(54) 
Isch ST Dep 27(9) 21 (I 2) 

T he stepwise regression analysis identified a hisroryof 
angina, fixed and reversible dipy-thallium defects, and ischemic 
ST changes during dipy-challium, as independent predidcrors 
of perioperacive fatal or non-facal Ml; prior CABG was 
protective {Table l 0). Cox regression (Table I I) idencified a 
history of angina, CHF, diabetes, fixed dipy-thallium defects, 
and non-fatal perioperative MI as predictors of long-term 
adverse events, again with pr�or CABG demonstrating a 
protective effect. 

Peri-operative outcomes classed according co o perative 
procedure are illustrated in Table 12. There was a total of 45 
cardiac events, 30 of which were nonfatal Ml (67%). Boch 
hearc-related events were significandy greater for infra-inguinal 

Table 10: Stepwise Logistic Regression Results-Predictors of Peri op 
Outcome 

Variable RR 95% CI pvalue 

HxofAngina 2.1 1.1-4.0 0.034 
Fixed defects 2.1 1.1-4.3 0.030 
Reversible Defects 3.7 1.7-8.3 0.001 
Isch ST Dep 3.0 1.4-6.5 0.005 
PriorCABG- 0.1 0.2-0.9 0.035 

Table 11: Stepwise Cox Regression Results-Predictors of Long Term 
Outcome 

Variable RR 95%Cl pvalue 

OM 1.8 1.1-3.1 0.030 
Hxof Angina 1.7 1.0-2.9 0.049 
HxofCHF 3.6 2.0-6.4 0.000 l 
Fixed Defects 2.6 1.5-4.4 0.001 
PriorCABG 0.5 0.2-1.0 0.049 
Periop Nonfatal MI 5.5 3.1-9.8 0.0001 

(n=49) pvalue value pvalue 

(%) 

65±18 0.787 
15(31) 0.436 
30(61) 0.455 
15(31) 0.002 0.0009 0.017 
19(39) 0.004 0.011 0.309 

3(6) 0.0001 0.00002 0.04 
13(27) 0.0001 0.00001 0.14 

3(6) 0.367 

20(41) 0.009 0.003 0.06 
24(49) 0.013 0.003 0.56 
8(16) 0. 168 

Table 12: Periop Outcomes According to Surgical Procedure 

Procedure 

Ao Infra-ing. Carotid p Ao vs car vs 

(n=32 l) (n= 177) (n=49) value Inf. Inf. 
Variables No. % No. % No. % p-value p-value

Non/Fa�i!Ml 19 6 23 13 3 6 0.019 o.ocx; 0.18 

A1lG1useof 16 5 6 3 0 0 0.222 0.fXXl5

Death 

Nonfarallv1J 9 3 18 10 3 6 0.003 0.38 

Table 13: No CAD Risk Factors 

Ao Infra-ing. Carotid Overall 

(n=98) (n=38) (n= 12) p-value

(%) (%) (%) 

Fatal/Nonfatal Ml I ( 1) 0(0%) O(Oo/o) 0.700 
All cause of death 2(2) 0(0%) 0(0%) 0.596 
Nonfatal Ml 0(0) 0(0%) 0(0%) 1.00 

(13%) compared with aortic (6%) procedures bm not for infra
inguinal compared with carotid procedures (6%). Whereas 
among parients lacking risk facrors (Table 13) identified by 
logistic regression, there were no procedural differences (p=0.7 

Table 14: One or More CAD Risk Factors 

Ao Infra. Carotid Overall Ao vs Carvs 
n=223 n=l39 n=37 p-value In£ In£ 
(%) (%) (%) p-value p-value 

Fatal/Nonfural 18(8) 23(17) 3(8) 0.039 0.004 0. 18 
MI 

All cause of 14(6) 6(4) 0(0) 0.236 
death 

Nonfatal MI 9(4) 18(13) 3(8) 0.008 0.0005 0.387 
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co 1) and virtual freedom from adverse outcome with only one 
evenr among this subset. Among the 399 patients exhibiting 
one or more risk factors (Table 14), all event races were elevated 
with patients undergoing infra-inguinal procedures at 
significantly higher risk compared with patients undergoing 
aortic surgery, parricularly for non-fatal cardiac events. 

In a median follow-up of 5±0.5 years, procedural 
differences became apparent by 24 months (Figure 6): 
cumulative event-free survival rare was 95±2% for 210 patients 
undergoing aortic procedures, 88±2% for 101 patients 
undergoing infra-inguinal procedures, and 86±5% for 25 
patients undergoing carotid surgery. Among patients 
undergoing infra-inguinal procedures, rhere is a further decline 
in the survival rare ar 3 years. By 48 months, cumulative races 
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Figure 6: Cumulative event free survival rates (fatal/nonfatal Ml) 
according to the type of surgical procedure 

were 90±2%, 74±5% and 78±7% for 96 aortic, 35 infra
inguinal, and 11 carotid procedures, respectively. T hese 
differences persisted for the remainder of rhe follow-up period. 

Among rhe 147 patients exhibiting no CAD factors (Figure 
7), there are no risk differences across the procedures, and 
increased event-free survival, up co 36 months; there were only 
5 events in chis subset. Ac 36 months, che rates are 98± 1 %, 
90± 7%, and I 00±0% for aortic, infra-inguinal, and carotid 
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Figure 7: Cumulative event free survival rates for 147 patients exhibiting 
no preop CAD risk factors 

procedures, respecrively (p=0.261). 
Among 375 patients exhibiting one or more CAD factors 

(Figure 8), the procedural differences in event-free survival 
are again apparent, and rates are lower than the unstratified 
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Figure 8: Cumulative event free survival rates among 375 patients 
exhibiting one or more preop CAD risk factors 

data shown previously, particularly for infra-inguinal and carotid 
artery procedures. At 48 months, the cumulative event-free 
survival race is 85±3% for aortic, 71 ±5% for infra-inguinal, 
and 70±9% for carotid procedures (overall p=0.0007). 

Overall survival according to procedure is illustrated in 
Figure 9. More than half of the fatal events were heart-related 
(60%). Differences between aortic and infra-inguinal 
procedures do not become apparent until 36 months, whereas 
the survival pattern among carotid surgery patients is similar 
to Figure 6, with cumulative survival rates of 91 ±2%, 81±4%, 
and 81 ±6% for patients undergoing aortic, infra-inguinal, and 
carotid procedures, respectively (overall p=0.002). 
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Figure 9: Cumulative survival rates according to type of surgical 
procedure 

We see in this series that the observed differences in cardiac 
risk of vascular surgery may be primarily attributable to readily 
identifiable CAD risk factors rather than co the specific type 
of vascular surgery. Patients with clinical (angina, CHF, MI, 
fixed thallium defects) & diabetes should be given careful 
consideration regardless of surgical procedure to be performed. 
This validates the implication of a careful assessment of che 
patient's preoperative clinical status, which is shown to be vital 
co che determination of cardiac risk regardless of the type of 
surgical procedure indicated. Further, the presence of significant 
risk factors may influence the anesthetic management, 
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perioperative monitoring, and the need for anti-ischemic 
therapy. Long-term follow-up of patients who exhibit significant 
CAD markers, as well as chose who survive a perioperacive 
MI, is warranted because chis individuals are at substantially 
elevated risk for lace cardiac events. 

Augmenting Risk Predictability Using Ancillary Tests. 
The ultimate goal of the many published reports discussed 

has been to determine the high risk subgroups who might benefit 
from alternative surgical or medical" management strategies co 
improve perioperative outcomes. On top of che extensive data 
on the use of clinical risk factors, che severity of stress-induced 
noninvasive imaging abnormalities have been correlated with 
the same perioperative and lace postoperative cardiac events. 
Developing empirically-based evidence from diverse study 
populations and imaging techniques into a clinical-imaging risk 
stratification algorithm have been difficult because several 
studies23,31-33 have demonstrated variable predictive value 
of noninvasive imaging in chis setting. To this end, a mera
analysis34 of the published reporcs (total of 15) on dipyridamole 
(n= 1,991 patients) and dobucamine (n=445 patients) stress 
myocardial imaging was reviewed in the attempt to develop 
clinical recommendations that will augment the risk 
predictability of vascular surgery candidates. The study aimed 
to evaluate the prognostic value of abnormal pharmacologic 
stress with regard to perioperative and long-term outcome with 
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endpoints of cardiac death, MI, CHF, and recurrent ischemia. 
In the intravenous dipy-thallium myocardial perfusion 

imaging group, patients were on average 66±9 years old, with 
high pretest likelihood of prior CAD (37.2%) on the basis of 
a history of prior MI (32.5%), CHF (11.2%), or typical angina 
(32.1 %) before vascular surgery (Table 15). Seventy-three 
percent of patients were men. 

Whereas 111 patients undergoing dobutamine 
echocardiography (Table 16), a lower frequency of angina (24%), 
CHF (6.5%), and diabetes (17%) was reported than for the 
dipy-thallium group. 

Pose-operative cardiac events included secondary or "soft" 
endpoints, defined as unstable angina, ischemic ST-T wave 
changes or CHF (Tables 17, 18 and 19). Any such adverse 
event occurred in 12% of patients (range 7.2-21.7%). Races of 
cardiac death or MI were 2% and 4%, respectively. 

Dipy-thallium results were normal in 730 patients (36%). 
Fixed perfusion defects were seen in 471 patients (24%), and 
793 (40%) had one or more reversible defect (Table 17). Cardiac 
event rates were 3%, 11%, and 18% (p=0.0001), and cardiac 
death or Ml rates were 1 %, 7%, 9% (p=0.0001 ), for normal 
results, fixed, and reversible defects on thallium, respectively 
(Table 18). Dipyridamole-induced ECG ST segment depression 
occurred in 7% of patients in 4 studies and was associated with 
overall and cardiac death or MI rates of 27% and 14% 
(p=0.0001). 

Table 15: Preop Patient Characteristics in 15 Published Reports on Preop Risk Strat (Dipy ridamole Thallium Myocardial Perfusion Scan) 

% No Ang CHF MI CAD DM Revasc QWave AbNLV 

Boucher'85 54 65% 0% 58% 
Eagle '89 254 29 9.5 23 18 8 19.5 
Lane'89 101 46 26 39 100 36 
Younis'90 130 23 20 30 11 
McEnroe'90 95 17.9 28.4 8.4 
Mangano'91 60 45 18.3 40 25 
Hendel '92 360 25.6 10.8 38.1 38.1 23.1 17.2 27.2 
Kresowik'93 190 41.1 26 63 
Baron'94 513 19 2.8 16 35.7 8.8 3.7 16.4 
Bry '94 237 18 1 1 30 34 29 

Total 1,994 
Mean 199 32.1 11.2 32.5 38.3 33.1 9.7 27.9 11.4 

Table 16: Preop Patient Characteristics in 15 Published Reports on Preop Risk Stratification (Dobutamine Echocardiography) 

% No Ang CHF MI CAD DM Revasc QWave AbNLV 

Lalka '92 GO 30% 8% 33% 18% 8% 
Davila-Roman'93 93 6.5 63.4 19.4 
Eichelberger '93 75 37.3 26.7 26.7 
Langan'93 81 23 5 31 27.5 27.5 28 13.6 
Polderman 136 17.6 36 41.2 12.5 

'93 
Total 445 
Mean 89 23.5 6.5 34.3 52.3 20.7 29/7 28 13  
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Table 17: Overall Cardiac Complication Rates by Result of Myocardial 
Perfusion Imaging 

Complications(%) 
Study No. CV CV Nonfatal Myo CHF 

Even rs Death Ml Isch 

Boucher'85 54 16.7% 2.1 o/o 4.2% 10.4% 
Eagle'89 254 118 2.4 3.5 7.5 3.45 
lane '89 IOI 11 3 5.9 3 4.95 
Younis '90 130 7.2 3.6 .6 
McEnroe 'YO 95 9.5 2.1 l.l 6.3 
Mangano '91 60 21.7 1.7 3.3 8.3 8.3 
Hendel '92 360 8.6 2.1 6.7 
Krcsowik '93 190 .6 0.5 2.1 
Baron '94 513 18.8 4.4 4.8 13.3 4.4 
Bry '94 237 7.2 1.3 5.9 

Total 1994 
Mean 199 11. 5 2.3 4.1 8.1 5.3 

Table 18: Overall Cardiac Complication Rates by Result of Myocardial 
Per fusion Imaging 

Normal(%) Fixed Defect (%)Reversible(%) ST Seg Dep (%) 

No Events Death Events Death Events Death Events Death 

20 0 0 0 0 50 18.8 40 20 
105 4.8 I. 9 20.9 11.9 30.5 12.4 35.6 20 
20 5 0 0 0 14.1 12.7 
51 0 0 10 10 15 15 8.3 8.3 

46 4.3 4.3 46.7 26.7 26.5 8.8 
20 15 5 22.2 5.6 27.3 4. 5

103 I 1 I 1.7 l l.7 14.4 14.4
65 1.5 I. 5 2.6 2.6 3.4 3.4 
203 () 7.4 24.5 12.8 19.4 8.8 24.5 8.5 

97 0 0 16.7 16.7 10.9 10.9 
730 
43 32 1.4 11.4 6.8 18.1 9 8.4 4.8 

Summary odds rarios for predicrion of cardiac evenrs by 
rhallium imaging results (Figure 1 O) were 3.5 (95% confidence 
interval 2.5 ro 5.6) for any ischemic evenr and 3.9 (95% CI 
2.5 to 5.6) for cardiac death or Ml. Heterogeneity statistics 
were insignificant indicating homogeneity of the pooled dara. 

In the 1,994 parients evaluared, cardiac event rares were 
classified according to rhe results of rhe dipy-rhallium (Figure 
11) which, of the 51 patients who underwent preoperative
myocardial revascularizarion, only 3 (6%) had a perioperative
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Fi gure 11: Cardiac event rates after risk s t ratifi cation by preop coronary 
revas cularization and m yocardial per fusion resul t s  

cardiac evenr, whereas of 523 parienrs who did not undergo 
coronary revascularization afrer detection of a reversible defect, 
98 (18%) had an evenr. A three-fold lessening of risk is thus 
noted. Overall cardiac evenr rates were 3.2% and 11.4% in 
430 and 347 parienrs with normal scan results and fixed-only 
perfusion defects, respectively. 

Using Echocardiography on the other hand, the overall 
cardiac complications are illustrated in Table 19, similarly using 
postoperative cardiac events employed in rhe dipy-rhallium series. 

Table 19: Overall Cardiac Complication Rates by Resul t of Echocardiography

C.Omplications (%) 
Study No. Event Death NF 

MI 

Lalka '92 60 29 50 l 0

Eichelber 
gcr '93 75 6.7 0 2.7 

Langan'93 81 4.1 0 4.1 
Polder 

mans'93 136 11 .2 3.7 0 
Roman'93 93 4.5 I. I 2.2 

Tora! 445 
Mean 89 8.1 2 1.8 

Myo 
Isch 

5 

4 

CHF 

6.7 0.7 

1.1 1.1 

4.2 0.9 

No Dyssynergy 
No. Event 

22 4.6 

48 0 
3 l 0 

99 0 
70 0 

270 
54 0.4 

MI 

4.6 

0 
0 

0 
0 

0.37 

New Dyssynergy 
No. Events MI 

38 29 23.7 

27 19 7 
50 6 6 

35 42.9 14.3 
23 20 4 
173 
35 23 I I 
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Depicted in Figure 12 is rhe univariate odds of any peri
operative ischhemic event which ranged from 7.3 to 128.2-
fold greater for patients with an abnormal than normal 
preoperative dobutamine stress echocardiographic response. 
By comparison, univariate odds of cardiac death or Ml ranged 
from 4.0 co 28.5. Summary odds ratios were 27.4 for any 
cardiac event and l 4.4-fold greater for cardiac death or MI.

Tests for homogeneity were non-significant for predicting any 
event and cardiac death or MI.
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Figure 12: Univariate Odds Ratio for dobutamine echocardiography 

Of the 445 patients in rhe echocardiography group, 173 
patients had a dobutamine-induced new or worsening wall 
morion response (Figure 13), 40 (26.3%) had a perioperative 
ischemic event compared wirh 1 (0.37%) of 272 patients with 
a normal stress echocardiographic response (p=0.000 ]). The 
positive predicrive value of testing was 0.13 (range 0.07 ro 
0.21) for cardiac death or Ml and 0.26 (range 0.17 to 0.43) 
for any cardiac event. T he negative predictive value of a normal 
dobutamine echocardiographic response was 0.99 (range 0.93 
to 1.00). 

Dobntamine Ecbocardiography 

N:445 

New 
Dyssynergy (N=l 73) 

No 
Dyssynergy 

No Revascularization 

!Surgery\ 
Cardiac Event Rates 

N= 152 

26.3% 

Revascularization 

\Surgery\ 

!Surgery\ 
Cardiac Event Rates 

N= 272 

0.37% 
Cardiac Event Rates 

N= 21 

0.0% 

Figure 13: Cardiac even t rates after risk st ratification by preop coronary 
revascularization and myocardial perfusion resul ts 

Four key conclusions can be derived from rhe published 
dara on preoperative stress imaging in vascular surgery 
candidates: I) The presence of a reversible dipy-thallium defect 
has a positive predictive value, bur the accuracy of cardiac 
event in the prediction varies with coronary artery disease 
prevalence and the symptomatic or risk factor profile of the 
study population. 2) Oobutamine-induced echocardiographic 
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wall motion abnormalities are predictive of adverse 
perioperative outcomes, bur with wider confidence limits due 
to smaller sample sizes in these studies. 3) The use of varying 
curpoinrs, such as those used in semiquantitative image analysis, 
may aid in risk identification of clinically lower and higher 
risk patients. 4) A fixed thallium perfusion defect predicts long
term cardiac events with accuracy equal to the predictive value 
observed with a reversible thallium defect for perioperative 
events. 

Whether doburamine-echocardiography or dipy-thallium 
is clinically superior for chis purpose is based nor only for the 
described utility but also the availability and expertise of rhe 
modaliry in the respective centers of use. The pharmacologic 
differences on effects may likewise facilitate appropriate utility. 
Using dipyridamole, a 30 co 45% coronary stenosis impairs 
only maximum response co vasodilarion whereas >50 % stenosis 
result in detectable difference of regulation offlow by thallium, 
and >85% srenosis may impede resting flow as well.35 
Dipyridamole thus, creates a more profound alteration in blood 
flow and is visualized using thallium scinrigraphy. In the 
contrary, doburamine maximizes recruitment of myocardial 
contracriliry and rhus, induce wall motion abnormality 
frequenrly than dipyridamole. Clinical conditions where either 
test is preferred are recommended in Table 20. 

Table 20: Conditions Where One Modality is Prefer red 

Bronchopla�tic Lung Disease 
Sev Carotid Srenosis 
Large or Symp Ao Aneurysm 
Prior Cardiac Arrhythmias 
Viabiliry w/ Concommiranr 

LV Dysfxn 
Req knowledge ofLV or 

Valvular Fxn 

Practice Guidelines 

Preferred Test 

Dipyridamole Dobutamine 
Thallium Echo 

X 
X 
X 

X 
X 

X 

Amongst all these voluminous data, of further clinical 
applicabiliry which encompasses risk stratification of patients 
for non-cardiac surgery formulated by the American Heare 
Association. Ir is similarly recognized chat the basic clinical 
evaluation obtained by history, physical examination, and 
review of the ECG usually provides the clinician with sufficient 
data to estimate cardiac risk. Table 21 lists clinical predictors 
of increased perioperarive risk of Ml, CHF, and death 
established by several authors based on mulrivariate analysis36• 

Although some authors have suggested a scoring system 
char assigns more weight to some factors than others and sums 
these ro arrive at a composite risk37•38·39, most articles have
suggested simple crireria 16·23 .4°-44_ In clinical practice, more
weight is attached to active conditions than dormant ones, 
while rhe degree of deviation from the norm is used as an 
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implicit modifier. Table 21 attempts to deal with this practice 
by placing the predicrors in the following three categories: 

• Major predictors, when present, mandate intensive
managemenr, which may result in delay or cancellation
of surgery unless emergenr.

• Intermediate predicrnrs are well-validated markers of
enhanced risk of perioperarivc cardiac complications
and justify careful assessment of the patients' current
StatllS.
Minor predictors are recognized markers for
cardiovascular disease thar have been proven ro
independenrly increase perioperarive risk.

It should be noted that a history of MI or pathological Q 
waves by ECG is lisred as an intermediare predictor, whereas 
a recenr Ml is a major predictor. In this way the separarion of 
Ml into the traditional 3- and 6-month intervals have been 
avoided 37

·
45

. Currenr management of MI provides for risk 
stratification during convalescence46. If recent stress rest does 

Table 21: Clinical Predictors of Increased Peri operative Cardiovascular 
Risk (Ml, CHF, Death) 

Clinical Predictors of Increased Perioperacive Cardiovascular Risk 
(Ml, CHF, Death) 

Major 

Unstable coronary syndromes 
• Reccnr MI* with evidence of important risk by clinical 

symproms or noninvasive study
• Unstable or severetangina (Canadian Class III or IV)+

Oecompensated CHF 
Significant Arrhyrh m ias 

High-grade aniovemricular block 
• Sympromaric ventricular arrhythmias in the presence of

underlying hearr disease
• Supravcnrricular arrhythmias wirh uncontrolled

ventricular race
Severe valvular disease 

Intermediate 
Mild angina pccroris (Canadian Class I or 11) 
Prior Ml by hisrory or pathologic Q waves 
Compensated or prior CHF 
Diabetes mellitus 

Minor 

Advance age 
Abnormal ECG (LVH, LBBB, ST-T abnormalities) 
Rhythm ocher than sinus 
Low functional capacity (cg. inability ro climb one flight of 

stairs wich a bag of groceries) 
H isro1y of scrokc 
Uncontrolled hyperrension 
'The ACC National O:nabasc Lib. Defines recent Ml as >7days,d0days. 
+May include "srablc'" angina in paricnrs unusually sedentary.
tC.unpeau L. Grading of angina pcctoris. Cirrnlation. 1976;54:522-523
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Table 22: Cardiac Risk* Stratification for Noncardiac Surgical Procedures 

Cardiac Risk* Stratification for Noncardiac Surgical Procedures 

High (Reported cardiac risk> 5%) 
Emergent major operations, particularly in the elderly 
Aortic or other major vascular 
Peripheral vascular 
Ancicipaced prolonged surgical procedures associated with 

large fluid shifts and or blood loss 
Intermediate (Reported cardiac risk generally <5%) 
Carotid endarrerecromy 
Head and neck 
lnrrapericoneal and inrrachoracic 
Orthopedic 
Prostate 
Lowt (Reported cardiac risk generally< 1 %) 
Endoscopic procedures 
Superficial procedures 
Cataract 
Breasr 

• Combined incidence of c.irdiac dc;irh and nonfatal MI.
t Do not generally require further preoperative cardiac resting.

not indicate residual myocardium ac risk, the likelihood of 
reinfarccion after noncardiac surgery is low. Although there 
are no adequate clinical trials on which co base firm 
recommendation, it appears reasonable to wait 4 to 6 weeks 
after Ml to perform elective surgery. 

Table 22 stratifies the risk of various types of non-cardiac 
surgical procedures which is based on several reported 
srudiesH·28·37·38•40-'5·47·48. It is clear that a major emergent
operations in the elderly, ie, rhose violating a visceral cavity 
and those likely co be accompanied major bleeding or fluid 
shifts, place patients at higher risk. Vascular procedures appear 
particularly risky, and, primarily because of the concomitant 
associaced coronary disease, just ify  careful preoperative 
screening for myocardial ischemia in many instances. 

Collecced observational data and expert opinion further 
formed a framework for determining which patients are 
candidates for further cardiac testing (Figure 14). T he clinician 
muse consider several inceracring variables and give chem 
appropriate weight. 

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

Step 2. Has the patient undergone coronary 
revascularizacion in che past 5 years? If so, and if clinical starus 
has remained stable without recurrent signs and symptoms of 
ischemia, further cardiac resting is generally not necessary. 

Step 3. Has the patient had a coronary evaluation in past 
2 years? If coronary risk was adequately assessed and the findings 
were favorable, ir is usually nor necessary co repeat testing 
unless the patient has experienced a change or new symptoms 
of coronary ischemia since the previous evaluation. 
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Figure 14: Stepwise approach to preop cardiac assessment 

Step 4. Does rhe parienr have an unstable coronary 
syndrome or a major clinical prediccor of risk? When elective 
noncardiac surgery is being considered, rhe presence of unstable 
coronary disease, decompensaced CHF, symptomatic 
arrhythmias, and or severe valvular heart disease usually leads 
to cancellation or delay of surgery unril rhe problem has been 
identified and rreared. 

Srep 5. Does rhe parienr have intermediate clinical 
predictors of risk? The presence or absence of prior MI by 
history or ECG, angina pecmris, compensated or prior CHF, 
and or diabetes mellicus helps furrher stratify clinical risk for 
perioperativc coronary events. Consideration of functional 
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capacity and level of surgery-specific risk allows a rational 
approach ro idenrifying patients most likely ro benefic from 
furrher noninvasive resting. 

Step 6. Patients wirhour major bur wirh intermediate 
predictors of clinical risk and moderate or excellent functional 
capacity can generally undergo intermediate-risk surgery wirh 
lirde likelihood of perioperacive death or MI. Conversely, 
further noninvasive resting is often considered for patients wirh 
poor functional capacity or moderate functional capacity but 
higher-risk surgery and especially for patients with rwo or more 
intermediate predicrors. 

Step 7. Noncardiac surgery is generally safe for patients 
with neirher major nor inrermediare predictors of clinical risk 
and moderate or excellent functional capacity (4 METS or 
greater). Further testing may be considered on an individual 
basis for patients wirhour clinical markers bur poor functional 
capacity who are facing higher-risk operations, particularly 
chose wirh several minor clinical predictors of risk who are to 
undergo vascular surgery. 

Step 8. The results of noninvasive resting can be used to 
determine further preoperative management. Alternarively, rhe 
results may lead to a recommendarion to proceed with surgery. 
In some patients, the risk of coronary intervention or corrective 
cardiac surgery may approach or even exceed rhe risk of rhe 
proposed noncardiac surgery. This approach may be 
appropriate, however, if it also significantly improves the 
parienr's long-term prognosis. 

For some parienrs, a careful considerarion of clinical, 
surgery-specific, and funcrional status arrributes leads to a 
decision to coronary angiography. 

CONCLUSION 

Clearly ir is importanr rhar in peripheral vascular diseases, 
the clinician play a significant role in critically evaluating the 
use of diagnostic procedures and therapies in irs management 
and or prevention of morbid events. Rigorous review and 
analysis of available data documenting relative benefits and 
risks of those procedures and therapies, and mosr imporranrly 
the critical role of preoperative clinical evaluation, can produce 
helpful guide rhar improve rhe effectiveness of care, optimize 
parienr outcomes, and impact rhe overall cost of care favorably 
by focusing resources on rhe mosr effective srraregies. 
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2001 
March 

CALENDAR OF EVENTS 

26--28 - Coronary Heare Disease in the New Millennium: Issues in Prevencion, Diagnosis and Managemenc; Kuwait City, Kuwait 
27-29 - WHF/ISCP Joinc International Symposium on Cardiomyopathy in the 21th Centu1y; Kyoto,}apan
28-30 - 9•h Annual Meeting of the Asian Society for Cardiovascular Surgery; Naguya,}apan

April 
25-28 - 21th annual Scientific Meeting oflnternational Heart and Lung Transplancation Society; Umcouver, Canada

May 
02--05 - 5"' Internarional Conference of Nuclear Cardiology; Vienna, Austria
04--05 - 8 th Annual Convencion, Philippine Society of Cardiac Carheeerizaeion and Intervention (PSCCI); Waterfront Hotel, Cebu City
06--09 - 81" Annual Meeting of the American Association for Thoracic Surgery; San Diego, CA, USA 
09-11 - 31st PCP Annual Convention; Philippine International Convention Center (PICC)
20--22 - 5th World Congress of Echocardiography and Vascular Ulcrasound; Seoul, South Korea
23-26 - 32nd PHAAnnual Convention; EDSA Shangri-la Hotel
23-26 94th PMAAnnual Convention; Manila Midtown Hotel
25 - Annual Meeting, Philippine Society of Pediarric Cardiology (PSPC); EDSA Shangri-La Hotel
27-31 - 5th Incernaeional Conference on Preventive Cardiology and 4'1, Incernational Heare Healeh Conference; Osaka,Japan
27-Jun 1 - 3rd World Congress of Pediatric Cardiology and Cardiovascular Surgery; Toronto, Canada

June 

09-12 - Heart Failure 2001; Barcelona, Spain
24-27 - 4'h International Meeting on lncerventional Cardiology; Te/Aviv, Israel
28-30 - 6th International Symposium on Modern Concepcs in Endocardiris and Cardiovascular Infections; Barcelona, Spain

July 
03-05 - Heare Failure Summit; Toronto, Canada
06--11 - XVII World Congress of che lncernational Society for Heare Research: Fronciers in Cardiovascular He-alrh; Winnipeg, Canada
08-11 - 8"' World Congress on Heare Failure- Mechanisms and Management; Hongkong

August 
11-15 - XYUI lnceramerican Congress of Cardiology; Panama Ciry, Panama 
12-15 - XI World Congress of ehe International Society of Cardio-ThoracicSurgeons; Sao Paulo, Brazil
19-22 - 2nd Meeting of the Asian Pacific Society of Hypertension; Pattaya, Thailand

September 
01-05 - XXIII Congress of the European Society of Cardiology (ESC); Stockholm, Sweden 
16--19 - 15'" Annual Meeting of the European Associarion for Cardiothoracic Surgery; Lisbon. Portugal 

October 
01--02 - 9th Asian Pacific Congress ofDoppler Echocardiography (APCDE); Manih, Philippines 
03-06 - 13th Asian Pacific Congress of Cardiology (APCC); Manila, Philippines
14-17 - 4'" lncernacional Congress on Coronary Anery Disease; Prague, Czech Republic

November 

12-15 - 74'"Sciencific Sessions ofche American HeareAssociacion (AHA);Anaheim, CA, USA
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