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Derivation and Prospective Validation of a Simple Index for
Prediction of Cardiac Risk of Major Noncardiac Surgery

Thomas H. Lee, MD, SM; Edward R. Marcantonio, MD, SM; Carol M. Mangione, MD, SM,;
Eric J. Thomas, MD, SM; Carisi A. Polanczyk, MD; E. Francis Cook, ScD; David J. Sugarbaker, MD;
Magruder C. Donaldson, MD; Robert Poss, MD; Kalon K.L. Ho, MD, SM; Lynn E. Ludwig, MS, RN;
Alex Pedan, PhD; Lee Goldman, MD, MPH

Background—Cardiac complications are important causes of morbidity after noncardiac surgery. The purpose of this
prospective cohort study was to develop and validate an index for risk of cardiac complications.

Methods and Results-We studied 4315 patients agetb0 years undergoing elective major noncardiac procedures in a
tertiary-care teaching hospital. The main outcome measures were major cardiac complications. Major cardiac
complications occurred in 56 (2%) of 2893 patients assigned to the derivation cohort. Six independent predictors of
complications were identified and included in a Revised Cardiac Risk Index: high-risk type of surgery, history of
ischemic heart disease, history of congestive heart failure, history of cerebrovascular disease, preoperative treatmen
with insulin, and preoperative serum creatinin®.0 mg/dL. Rates of major cardiac complication with 0, 1, 2=&
of these factors were 0.5%, 1.3%, 4%, and 9%, respectively, in the derivation cohort and 0.4%, 0.9%, 7%, and 11%,
respectively, among 1422 patients in the validation cohort. Receiver operating characteristic curve analysis in the
validation cohort indicated that the diagnostic performance of the Revised Cardiac Risk Index was superior to other
published risk-prediction indexes.

Conclusions—In stable patients undergoing nonurgent major noncardiac surgery, this index can identify patients at higher
risk for complications. This index may be useful for identification of candidates for further risk stratification with
noninvasive technologies or other management strategies, as well as low-risk patients in whom additional evaluation is
unlikely to be helpful.(Circulation. 1999;100:1043-1049.)
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Cardiovascular complications are important causes of Methods
morbidity with major noncardiac procedure3.Risk Patient Population

stratification of these patients often relies on noninvasive Patients aged=50 years who underwent nonemergent noncardiac

tests for myocardial ischemia, but analyses suggest that testyocedures with an expected length of stag days at Brigham and
results are most useful in patients whose clinical data suggestWomen’s Hospital from July 18, 1989, to February 28, 1994, were
moderate risks for complications and that they have limited eligible for the study. Patients undergoing qualifying procedures
impact in high- or low-risk group:s were eligible for the _study if they unqlerwent postoperative serial
> ; L cardiac marker sampling as part of their care or gave their consent to
Among the tools for clinical risk stratification are the o study protocol, which was approved by the Hospital

Cardiac Risk Indexand other decision aidsRecent guide- Institutional Review Board. The full study protocol included preop-
lines have recommended a modification of the Cardiac Risk erative interviews and serial assessments of health status for 1 year
Index& but the studies used to develop this and other prior after surgery. Patients were approached for informed consent for the

decisi ids h lied I b f patient dfuII study protocol in the hospital’s Preadmission Test Center or on
ecision aids have refied on small numbers of patients, and . day before surgery if the patient was hospitalized. Comparison of

they predated recent advances in surgery and anesthesiastudy logs and operating room schedules indicated 8% of
Furthermore, the usefulness of available indexes has beergeligible patients were approached by study personnel.
limited by the complexity of their formats. We therefore Because some patient subsets underwent preoperative assessment

o - . . through different systems, the proportion of patients who did not
undertook a prospective investigation to derive and validate a provide informed consent preoperatively for the serial interview

simple index for the prediction of the risk of cardiac compli-  portion of the study (621 [14.5%] of the study population) was
cations in major elective noncardiac surgery. higher among patients who underwent thoracic (31%), abdominal
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aortic aneurysm (30%), and other vascular procedures (32%). Pa-cardiac complications. Variables with a univariate correlation with a
tients who provided informed consent before surgery had a lower P value <0.10 were considered in stepwise logistic regression
major cardiac complication rate (see below) than patients who did analyses that identified the factors included in the risk index, with a
not (1.7% versus 4.8%%<0.001). cutoff P value of 0.05. We compared 2 versions of the new index: 1
in which weights were derived from the logistic regression analysis
Data Collection and 1 in which all variables were assigned an equal value. Because
Patients who provided informed consent to the full study protocol ROC analyses did not show an advantage for the index with variable
underwent preoperative evaluations by study personnel, including Weights, the index with equal weights for all variables was adopted.
detailed medical histories, physical examinations, and laboratory ~The Revised Cardiac Risk Index was then tested by different
testing. For patients who could not be approached or refused approaches, including comparison of major cardiac complication
participation in the interview part of the study, clinical data were rates within risk classes in the derivation and validation cohorts,
obtained from the structured evaluation provided by the anesthesi- analysis of whether the factors were independent predictors of risk in
ologist in the medical record. This data source was also used to the validation cohort, and comparison of the areas under the ROC for
obtain American Society of Anesthesiologists (ASA) class for all risk-prediction indexes.
patients. Consenting patients agreed to postoperative sampling of
creatine kinase (CK) and, if total CK levels were elevated, CK-MB
immediately after surgery, ati on the evening of surgery, and on ) ) RGSUV[S o
the next 2 mornings. For other enrolled patients, samples were The patients in the derivation and validation cohorts were
performed according to the physicians’ orders. For the entire study similar (Table 1), with slightly more patients in the validation
population, the mean#(SD) number of cardiac enzyme samples cohort undergoing procedures identified as high risk in the
obtained was 4.62.2 (median 4). ECGs were performed in the Original Cardiac Risk Index (ie, intraperitoneal, intrathoracic,

recovery room and on the first, third, and fifth postoperative days if ) . - . .
the patient remained hospitalized. or suprainguinal vascular). Rates of major cardiac complica-
Total CK was assayed on the ACA discrete clinical analyzer tions were 2% and 2.5%, respectively (Table 2).

(DuPont). CK-MB was measured until July 30, 1993, with a DuPont  When 3 prior decision aids were applied in the derivation

ACA ion-exchange chromatography and immunoinhibition assay; conort, all 3 were able to stratify patients into subsets with

after that date, a mass assay for CK-MB was performed on the . .

Stratus instrument (Baxter Diagnostics). increasing rates of adverse outcomes (Table 3), but few
patients fell into high-risk groups. Only 4% of patients were

Classification of Outcomes classified above class | in the Modified Cardiac Risk Index,

Follow-up data were collected through daily medical record review and only 3% of patients were assigned the highest ASA class.

by study personnel. The occurrence of all cardiac complications after

surgery was classified by a single reviewer (L.G.) who was blinded I .

to gregperative clinical )(/jata a%d who use<(:I pogtoperative clinical Cor_rEIa_tes of Complications in the

information. When the ion-exchange chromatography assay was Derivation Cohort

used to assay CK-MB, acute myocardial infarction was diagnosed if The combination of variables that defined preoperative ische-

(1) the peak CK-MB was>5% of an elevated total CK or (2) the  mic heart disease with the highest correlation with major

peak CK-MB was>3% of an elevated total CK in the presence of ; P ; PR
ECG changes consistent with ischemia or infarction. When the cardiac complications included any of the following: history

CK-MB mass assay was used, acute myocardial infarction was
diagnosed if peak CK-MB levels exceeded the normal rarge (
ng/mL) and the ratio of CK-MB to total CK exceeded 0.0278 or, in

of myocardial infarction, history of a positive exercise test,
current complaint of chest pain considered to be secondary to
myocardial ischemia, use of nitrate therapy, or ECG with

the setting of ECG changes, 0.0167. These threshold ratios werepathological Q waves. In the derivation cohort, major cardiac

estimated to be comparable to the respective thresholds with the

activity assay for CK-MB on the basis of regression analyses of
samples for which both assays were used.

“Major cardiac complications” included myocardial infarction,
pulmonary edema, ventricular fibrillation or primary cardiac arrest,

and complete heart block. Diagnosis of pulmonary edema required a

formal reading of the chest radiograph by a radiologist consistent
with this complication in a plausible clinical setting.

Analysis of Data

Two thirds of the 4315 patients were assigned to the derivation
cohort (=2893), which was used to develop the Revised Cardiac
Risk Index. Patients who underwent vascular surgery were divided
into those who underwent abdominal aortic aneurysm surgery
(n=110) versus all other types of vascular surgery488). Among

complications occurred in 1 (2%) of 51 patients with a history
of prior angioplasty versus 55 (2%) of 2842 patients without
prior angioplasty and in 6 (3%) of 217 patients with prior
CABG surgery versus 50 (2%) of 2676 patients without prior
bypass surgeryR=NS). Therefore, patients with prior coro-
nary revascularization procedures were categorized as having
ischemic heart disease only if they had any of the other
criteria for ischemic heart disease listed above. This defini-
tion excluded 1 patient with prior coronary angioplasty and
26 patients with prior CABG surgery, none of whom had
major perioperative cardiac complications. Preoperative ECG
ST-T-wave changes (ST segment elevation or depression or

the other vascular procedures, the most common were femoral-tibial T wave inversion) also were not associated with worse

or femoral popliteal artery bypass procedures (46%), carotid endar-
terectomy (31%), and aorto-bifemoral bypass procedures (9%). No

analyses were performed for the other 1422 patients (validation
cohort) before prospective validation of the Revised Cardiac Risk
Index. The performances of prior decision &iéldwere compared by
use of receiver operating characteristic curve (ROC) analysis.

To develop the revised risk index, clinical correlates of major
cardiac complications were identified withy& test for categorical
variables and & test or Wilcoxon test for continuous variables.
Different combinations of clinical variables were tested to identify
the definition of ischemic heart disease most strongly correlated with

outcomes.

Congestive heart failure was defined by the presence of
any of the following: history of congestive heart failure,
pulmonary edema, or paroxysmal nocturnal dyspnea; physi-
cal examination showing bilateral rales or S3 gallop; or chest
radiograph showing pulmonary vascular redistribution. All of
these variables were correlated with major cardiac complica-
tions. Cerebrovascular disease was defined as a history of
transient ischemic attack or stroke.
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TABLE 1. Clinical Characteristics of Patients in Derivation and Validation Cohorts

Relative Risks for Major
Cardiac Complications

Derivation Cohort Validation Cohort and 95% Cls in
(n=2893) (n=1422) Derivation Cohort

Male sex*, n (%) 1374 (47) 722 (51) 2.6 (1.5, 4.6)
Age >70y, n (%) 998 (35) 475 (33) 1.9(1.1,3.2)
Mean=+SD age, y 66.4+10.1 66.3+9.0
Type of procedure, n (%)

Thoracic 346 (12) 184 (13) .1(0.5,2.3)

Orthopedic 1026 (35) 463 (33) 4(0.2,0.8)

Abdominal aortic aneurysm 110 (4) 64 (5) .6(1.7,7.8)

Other vascular 498 (17) 226 (16) .9(2.3,6.5)

Other abdominal 324 (11) 184 (13) .8(0.3,1.9)

Other 578 (20) 292 (21) .1(0.04, 0.6)

High-risk procedures (intraperitoneal, intrathoracic, or 894 (31) 490 (34) 1(1.2,3.5)

suprainguinal vascular procedures)*
History of myocardial infarction, n (%)

Ever 422 (15) 216 (15) 35(2.1,6.0)

In last 180 days 19 (1) 12 (1) 2.8(0.4,18.9)
Current history of ischemic chest pain, n (%) 376 (13) 185(13) 29(1.7,5.1)
History of noninvasive test indicating myocardial ischemia, n (%) 200 (7) 100 (7) 29(1.5,5.7)
Current use of nitroglycerin, n (%) 78 (3) 55 (4) 1(2.1,8.2)
History of congestive heart failure, n (%) 183 (6) 99 (7) 2.1(1.0,4.6)
History of pulmonary edema, n (%) 73 (3) 40 (3) 2.2(0.7,6.8)
History or physical examination showing significant valvular 104 (4) 52 (4) 3.2(1.4,7.3)
heart disease, n (%)
History of cerebrovascular disease, n (%)

Transient ischemic attack 175 (6) 89 (6) 4.7 (2.6, 8.6)

Prior cerebrovascular accident 155 (5) 78 (5) 29(1.4,6.1)
Use of insulin for treatment of diabetes mellitus, n (%) 112 (4) 59 (4) 3.5(1.6,7.7)
Preoperative evaluation, n (%)

Rales at both bases or higher 195(7) 105 (7) 3.0(1.5,5.9

S3 gallop 38(1) 18 (1) 0
Preoperative laboratory tests, n (%)

Abnormal rhythm 188 (6.5) 112 (8) 8 (0.3, 2.6)

Pathological Q waves on ECG 493 (17) 231 (16) 4(1.3,4.2)

Cardiomegaly on preoperative chest x-ray 129 (4) 74 (5) 1(1.4,6.6)

Serum creatinine >2.0 mg/dL 103 (4) 55 (4) 5.2 (2.6,10.3)

Poor general medical status 381 (13) 179 (13) 8(1.0, 3.4
Ischemic heart diseaset, n (%) 951 (33) 478 (34) 2(1.9,5.4)
Congestive heart failuret, n (%) 434 (15) 255 (18) 4(2.0,5.7)

*P<0.05 in comparison of derivation and validation cohorts.

tDefinition of summary variables: “Ischemic heart disease” indicates patient has history of myocardial infarction, positive exercise test, current
complaint of ischemic chest pain or use of nitrate therapy, or ECG with Q waves. Patients with prior CABG surgery or PTCA were included in this
definition only if they had current complaints of chest pain that were presumed to be due to ischemia. “Congestive heart failure” indicates history
of congestive heart failure, pulmonary edema, or paroxysmal nocturnal dyspnea, physical examination showing bilateral rales or S3 gallop, or chest
radiograph showing pulmonary vascular redistribution.

Some factors included in the Original Cardiac Risk Index considered to have unstable angina, class IV congestive heart
were present in few patients and were not associated with failure, or active transient ischemia attacks.
major cardiac complications. Only 19 patients (1%) had a  Patients who were using-adrenergic blocking agents at
history of myocardial infarction in the last 180 days (Table 1), the time of admission had a similar rate of cardiac compli-
and only 5 (0.2%) had critical aortic stenosis. No patient was cations (13/533 patients; 2.4%) as patients who were not
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TABLE 2. Major Cardiac Complications in Derivation and Validation Cohorts

Derivation Set Validation Set

(n=2893) (n=1422) P

Any major cardiac complication, n (%) 56 (2) 36 (2.5) NS

Ventricular fibrillation/cardiac arrest 9(0.3) 7(0.5) NS

Complete heart block 2(0.1) 2(0.1) NS

Acute myocardial infarction 28 (1.0) 18(1.3) NS

Pulmonary edema 24 (0.8) 18(1.3) NS

Cardiac death during admission, n (%) 8(0.3) 4(0.3) NS
Total (cardiac and noncardiac) mortality 22 (0.8) 21 (1.5 <0.05

during admission, n (%)

using these medications (43/2360; 1.8%). In stratified analy- In logistic regression analyses, 6 independd?tQ.05)
ses, B-blockers were not associated with major cardiac correlates of major cardiac complications were identified in
complication rates in patients with or without ischemic heart the derivation cohort. These variables (and the rate of major
disease. There was a trend toward higher complication ratescardiac complications for patients with these characteristics)
in patients with worse functional capacity as measured by included high-risk type of surgery (27/894; 3%), ischemic
Specific Activity Scale class (1.03%, 1.66%, 2.07%, and heart disease (34/951; 4%), congestive heart failure (23/434;
2.98%, respectivelyy? testP<0.05). 5%), history of cerebrovascular disease (17/291; 6%), insulin

TABLE 3. Major Cardiac Complication Rates and 95% Cls in Derivation and Validation
Cohorts Stratified by Risk Classification System

Derivation Cohort (n=2893) Validation Cohort (n=1422)
Events/Pop Rate (95% Cl) Events/Pop Rate (95% Cl)

Original Cardiac Risk Index
Class | 31/2200 1.4 (1.0, 2.0) 13/1039 1.3(0.7,2.1)
Class Il 20/561 3.6 (2.2,5.5) 15/297 5.1(2.9,8.2)
Class Il 5127 3.9(1.3,8.9) 8/84 9.5(4.2,17.9)
Class IV 0/5 0 0/2 0
ROC area (SE) 0.606 (0.034) 0.701 (0.043)

Modified Cardiac Risk Index
Class | 49/2786 1.8(1.3,2.3) 29/1371 2.1(1.4,3.0)
Class Il 6/95 6.3(2.4,13.2) 4/44 9.1(2.5,12.8)
Class Il 1/12 8.3(0.2, 38.5) 37 42.9(9.9, 82)
ROC area (SE) 0.545 (0.022) 0.582 (0.034)

ASA class
Class | 0/140 0 0/65 0
Class Il 14/1558 0.9(0.5, 1.5) 7/729 1.0(0.4,2.0)
Class IIl 35/1078 3.3(2.3,4.5) 24/561 4.3(2.8,6.3)
Class IV 7/81 8.6 (3.5,17) 4/43 9.3(2.6,22.1)
ROC area (SE) 0.697 (0.031) 0.706 (0.036)

Revised Cardiac Risk Index
Class | 5/1071 0.5(0.2,1.1) 2/488 0.4 (0.05,1.5)
Class Il 14/1106 1.3(0.7,2.1) 5/567 0.9(0.3,2.1)
Class IIl 18/506 3.6 (2.1,5.6) 17/258 6.6 (3.9, 10.3)
Class IV 19/210 9.1(5.5,13.8) 12/109 11.0 (5.8, 18.4)
ROC area (SE) 0.759 (0.032)* 0.806 (0.034)t

*Within the derivation cohort, P<<0.05 for comparison of performance of Original vs Modified Cardiac Risk Index,
Modified Risk Index vs ASA class, and Original Cardiac Risk Index vs ASA class. Also within the derivation cohort,
P<0.001 for comparison of Revised Cardiac Risk Index vs both Original and Modified Cardiac Risk Index, and
P=0.055 for comparison of Revised Cardiac Risk Index vs ASA class. Data on ASA class were missing for 36 patients.

tWithin the validation cohort, P=0.021 for comparison of Revised Cardiac Risk Index vs Original Cardiac Risk
Index, P<0.0001 for comparison of Revised Cardiac Risk Index vs Modified Cardiac Risk Index, and P=0.018 for
comparison of Revised Cardiac Risk Index vs ASA class. Data on ASA class were missing for 24 patients.
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therapy for diabetes (7/112; 6%), and preoperative serum class of the Revised Cardiac Risk Index, the complication

creatinine>2.0 mg/dL (9/103; 9%). rates were not statistically different between the derivation
o ] ) ] and validation cohorts. Within the validation cohort, the
Derivation of the Revised Cardiac Risk Index relative risk for patients in class Il compared with patients in

A logistic regression model that included the 6 independent ¢|ass | (2.2 [95% CI 0.4, 11.0]) was not significantly different
correlates of major cardiac complications indicated that the fqom the corresponding relative risk in the derivation cohort
adjusted OR for these factors ranged from 1.9 to 3.0. Two (2.7 [95% CI 1.0, 7.5]).

indexes were derived from this model. In the variable-weight |, e yalidation cohort, the outcome rate was significantly
index, p_omt values were assigned in prop_ornon to the logistic higher in class I1l than class Il (6.6% versus 0.9%:0.001).
reg_rehssmndmlociel vyelghts for _eacr:j Va“ablﬁ' In 'thbT eguoalc—: The relative risk of class Ill versus class Il in the validation
weight model, 1 point was assigned to each variable. cohort (7.5 [95% CI 2.8, 20.0]) was not significantly different

anal_y5|s showed no significant difference between the diag- from the corresponding relative risk in the derivation cohort
nostic performances of the models (0.285032 versus (2.8 [95% Cl 1.4, 5.6]) P=0.11)

0.759+0.032, respectively®=0.28). Therefore, the Revised

Cardiac Risk Index was constructed with each risk factor : e ) L L.
d rates in the validation cohort did not reach statistical signif-

assigned 1 point. . . .

Pgtients wFi)th 0, 1, 2, or more factors were assigned to classes °2Nc€ (11.0% versus (.5'6%)'20'.15)'. The relative risk of
I, I, 11, or IV, respectively; rates of major cardiac complications class IV versus cla§s I,”, in the vglldatmn cohort (1.7 [95% Cl
ranged from 0.5% to 9% (Table 3). Statistically significant 08 3'4])_ was no'_[ 5|gn|f|caqtly _d|fferent from the correspond-
(P<0.05) differences were found in rates of major cardiac ing relative risk in the derivation cohort (2.5 [95% CI 1.4,
complications between all classes. ROC analysis indicated that#-7]) (P=0.38).

the diagnostic performance of the Revised Cardiac Risk Index ~Four of the factors in the Revised Cardiac Risk Index were
was superior to all 3 of the prior decision aids. independent correlates of major cardiac complications in the

validation cohort: high-risk type of surgery, ischemic heart
Validation of the Prediction Rule disease, congestive heart failure, and history of cerebrovas-
Diagnostic performance of the Revised Cardiac Risk Index cular disease. There were trends or significant univariate
was similar in the derivation and validation cohorts, as associations with major cardiac complications for insulin
reflected in ROC analyses (Table 3). Within any specific therapy for diabetes (3/59 patients, 5%; relative risk 2.4; 95%

The difference between class IV and class Il in outcome

TABLE 4. Rates of Major Cardiac Complications and Multivariate ORs* Among Patients With Individual
Risk Factors in Derivation and Validation Sets

Derivation Set (n=2893) Validation Set (n=1422)

Crude Adjusted OR Crude Adjusted OR

Data (95% Cl) Data (95% CI)
Revised Cardiac Risk Index
1. High-risk type of surgery 27/894 (3%) 2.8(1.6,4.9) 18/490 (4%) 2.6(1.3,5.3)
2. Ischemic heart disease 34/951 (4%) 24(1.3,4.2) 26/478 (5%) 3.8(1.7,8.2)
3. History of congestive heart failure 23/434 (5%) 1.9(1.1,3.5) 19/255 (7%) 43(2.1,8.8)
4. History of cerebrovascular disease 17/291 (6%) 3.2(1.8,6.0) 10/140 (7%) 3.0(1.3,6.8)
5. Insulin therapy for diabetes 7/112 (6%) 3.0(1.3,7.1) 3/59 (5%) 1.0 (0.3, 3.8)
6. Preoperative serum creatinine >2.0 mg/dL 9/103 (9%) 3.0(1.4,6.8 3/55 (5%) 0.9(0.2,3.3)

*Based on logistic regression models including these 6 variables.
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Cl 1.2, 4.8) and for preoperative serum creatinin@.0 are not worrisome prognostic factors; indeed, they might be
mg/dL (3/55 patients, 5%; relative risk 2.3; 95% CI1 0.7, 7.1). important predictors in patients undergoing emergent
These variables were not independent correlates of cardiacoperations.
complications in the multivariate analysis within the valida- There was no relationship between risk class and major
tion cohort (adjusted OR 1.0 and 0.9, respectively), but the cardiac complications among the patients who underwent
ORs for major cardiac complications for these 2 variables abdominal aortic aneurysm surgery. Because there were only
were not significantly different in derivation and validation 110 patients who underwent this procedure in the derivation
cohorts. cohort, statistical power was limited in these analyses.
Within the validation cohort, comparisons of areas under  The form and content of the Revised Cardiac Risk Index
the ROC indicated better diagnostic performance of the reflect the goal of this investigation: to derive a simple index
Revised Cardiac Risk Index compared with the prior decision that might influence and be readily incorporated into routine
aids (allP<0.01). The Revised Cardiac Risk Index was also practice (eg, on forms for preoperative evaluations). We
compared with a prior index for patients undergoing vascular therefore emphasized in the analyses dichotomous variables
surgeryz ROC analysis indicated superior diagnostic perfor- that were either present or absent and used a scoring system
mance of the Revised Cardiac Risk Index in the entire patient that assigned 1 point to each variable. A more complex index
population (0.77%0.023 versus 0.6450.032; P<0.0001), might have achieved greater accuracy but at the expense of
in the validation cohort (0.8060.034 versus 0.6080.056; ease of use.
P<0.001), and in the subset of patients undergoing vascular How the Revised Cardiac Risk Index should be used by
surgery (0.774:0.032 versus 0.6880.046; P<0.05). Nei-  (jinicians remains to be defined. One approach is to confine
ther of these indexes performed well among patients under-rqytine use of noninvasive testing to patients with moderate
going abdominal aortic aneurysm surgery (0.543092 for risk for complications (eg, classes Ill or I¥)An alternative
Revised Cardlac_ Risk Index versus 0.481074 for the strategy has been suggested by Bodenhelfnaho argues
vascular surgery index@=0.30). that improved outcomes are more likely to result from

Finally, a version of the Revised Cardiac Risk Index with only - nt1ling postoperative oxygen demand than additional risk
the 4 variables with independent associations with complications g, «ification. This approach would support use of this index

iq the vali_dation cohqrt (e_xcludin_g diabetes and renal functio_n) to identify patients who should be treated with strategies to

yielded slightly superior diagnostic performance compared with reduce oxygen consumption rather than undergo additional

the 6-variable model. Complication rates in patients with none, noninvasive testing

1,2, or more of these variables were 0.4% (2/493), 1.0% (6/579), The findings from the present report should be interpreted
0, 0,

7% (19/270), and 11% (9/80). in the context of the study design. The data were collected

Performance by Procedure Type from patients undergoing nonemergent operations at a single

Patients from both the derivation and validation cohorts were teaching hospital. The Revised Cardiac Risk Index is of

pooled for an analysis of the performance of the Revised unc_ertain generalizability in Iqwer-risk population;, s_uch as
Cardiac Risk Index within types of procedures (Figure). patients who undergo more minor procedures, or in high-risk

Except for patients undergoing abdominal aortic aneurysm Populations, such as those who undergo emergency opera-
surgery, there were significantP£0.05) trends toward  tions. However, patients undergoing major nonemergent pro-

greater rates of cardiac complications within higher-risk cedures constitute the population in which physicians most
classes within all procedure types. often have to consider additional testing or other strategies

before the patient proceeds to surgery. Other clinical factors
Discussion not included in this index may be important for predicting

In this report of the risk of major cardiac complications with long-term prognosis and warrant attention by clinicians.
major nonemergent noncardiac surgery, 6 factors with ap- Finally, although this cohort is perhaps the largest to be
proximately equal prognostic importance were identified. The Studied prospectively for predictors of cardiac complications
presence of=2 of these factors identified patients with ~associated with noncardiac surgery, the statistical power to
moderate (7%) and high (11%) complication rates in prospec- identify predictors of complications among specific patient
tive evaluation among 1422 patients in the validation cohort. subsets was limited.

These findings are consistent with prior research and Nevertheless, these findings are consistent with prior
guidelines® that have emphasized the value of clinical data research, and the Revised Cardiac Risk Index appears simple
in perioperative risk stratification. Other investigations have enough for easy application in patient care. Previously
also found increased risk among patients with cardiovascular published data on a subset of this cohort demonstrate that
disease or diabetes melliftis-11 or with certain classes of  patients with at least 3 of the factors in the Revised Cardiac
procedures.However, several previously identified risk fac- Risk Index (history of ischemic heart disease, history of
tors, including advanced age, critical aortic valvular stenosis, congestive heart failure, and diabetes mellitus) have an
and abnormal cardiac rhythms, did not correlate with com- increased risk for cardiovascular complications during the
plications in the present study. This finding may reflect next 6 months, even if they do not have major perioperative
patient selection and increased attention to these issuescardiac complications® Hence, patients with increased peri-
Therefore, the absence of these factors from the Revisedoperative risk probably warrant closer clinical attention well
Cardiac Risk Index should not be taken as evidence that theybeyond their hospital admission.
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