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Objectives. This study sought to develop and validate a Bayes-
ian risk prediction model for vascular surgery candidates.

Background. Patients whe require surgical treatment of periph-
eral vascular disease are at increased risk of perioperative cardiac
morbidity and mortality. Existing prediction models tend to
underestimate risk in vascular surgery candidates.

Metkods. The cohert comprised 1,081 consecutive vascular
surgery candidates at five medical centers. Of these, 567 patients
from iwo centers (“training” set) we:. used to de - lop the model,
and 514 paticnts from three cen::.. were use: in validate it
(“validation” set). Risk scores we:~ developet .sing logistic
regression for clinical variables: advanced age (>70 years), an-
gina, history of myocardial infarctic:. diabetes mellitus, history of
congestive heart failure and prior coropary revascularization, A
second model was developes] from dipyridamole~thallium predic-
tors of myocardial infarction (i.e., fixed and reversible myocardial
defects and ST changes). Model performance was assessed by
comparing observed event rates with risk estimates and by perform-
ing receiver—operating characteristic curve (ROC) analysis.

Results. The postoperative cardiac event rate was 8% for both
sets. Prognostic accuracy (i.e., ROC area) wcs 74 £ 3% (mean =
SD) for the clinical and 81 %= 3% for the clinical and
dipyridamole-thallium models. Among the validation sets, areas
were 74 = 9%, 72 £ 7% and 76 = 5% for each center. Observed
and estimated rates were comparable for hoth sets. By the clinical
model, the observed rates were 3%, 8% and 18% for patients
classified as low, moderate and high risk by clinical factors (p <
0.0001). The addition of dipyridamole-thailium data reclassified
>80% of the moderate risk patieats into low (3%) and high (19%)
risk categories (p < 0.0001) but provided mo stratification for
patients classified as low or high risk according to the clinical model.

Conclusions. Simple ciinical markers, weighted aceording to
prognestic impact, will reliably stratify risk in vascular surgery
candidates referred for dipyridamele-thallium testing, thus abvi-
ating the need for the more expensive testing. Our prediction
model retains its proguostic accuracy when applied to the valida-
tion sets and can reliably estimate risk in this group.

: (J Am Coll Cardiol 1996;27: 779-86)

Patients who require surgical treatment of peripheral vascular
disease are at increased risk of perioperative cardiac morbidity
and morta'ity reiated both to the surgical procedure and to
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concomitant coronary atherosclerosis (1+10). To reduce the
incidence of perioperative cardiac events among vascular
surgery candidates, clinicians have sought methods to stratify
cardiac risk in individual patients. Patient management may
thus be influenced by the patient’s risk classification.. For
example, surgical treatment may be deferred or miodified to a
less invasive therapy in high risk patients. Others, deemed to
be at moderate risk of early events, may-be further classified
into more specific risk categories by conducting diagnostic tests
for the detecdon of coronary disease. Finally, low risk patients
might avoid further testing and andergo operation directly,
thus reducing cost, test-related morbidity and possxble unnec-
essarv coronary angiography.

According to Détsky et:al. (11,12) and Eagle and Boucher
(13), the first step in the assessment of risk is to consider the:

““average risk of a major perioperative  cardiac. event ameng'

vascular surgery candidates. Factors-such as referral patterns,
general patient characteristics, surgical expertise ‘and -patient.
management will determine this level. of risk-for a particular
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medical institution. This value, referred to as the complication
rate of, ‘in Bayxmn terms, the prior probabi’s - may be
regarded as unique to a given anstitution and as such <hould be
~ supplicd by the chnscian who wishes 10 compule o patient's isk
estimale. Subsequently, using a Bayesian approach (14); clini-
- ctans should then perform “tests™ for ¢ach patient, which
include gathering clinical data and conducling noninvasive
stress testing. The goal of these tests is to revise the prior

probability to a pasttest probability that is more representative -
of the patient’s characteristics. To be practical, these revised .

risk estimates should be casily obtainable by the clinician “in
the field.”

" Although Bayesian models of cardiac risk assessment (c.g.,
the Modified Clinical Risk Tndex of Detsky et al. [11]) have
been developed for general surgical populations, such models
tend to underestimate risk in vascular surgery candidates
because of their higher prevalence of underlying coronary
discase. In response to these concerns, Eagle ¢t al. (15)
developed. a non-Bayesian predictor algorithm from a co-
hort of vascular surgery candidates that incorporates a series of
clinical risk factors and the results of a pharmacologic
stress test using dipyridamole-thallium scintigraphy (16).
Dipyridamole-thallium scintigraphy is a sensitive predictor of
major perioperative cardiac morbidity (17-23). However, the
initial criteria used were based simply on the number of
predictors. present. In the carly model (15), each factor's
Guantitative contribution 1o risk (i.c., weight) was not consid-
cred. Although this upproach was later mocificd to incorporate
the weighted value of each predicor (24), the actual risk
computation proved cumbersome. In addition, the outcome of
interest was defined as a cardiac ischemic event (including
unstabie angina) rather than the “hard™ end points of nonfatal
myocardial infarction or cardiac death,

Accordingly, we sought to develop a simplified Bayesian
method for the assessment of the risk of postoperative myo-
cardial infarction or cardiac death in vascular surgery candi-
dates. No computation other than simple addition is required.
The clinician can readily obtain a perioperative risk estimate
that incorporates the patient’s clinical or test status, or both,
with the prior probabality of a serious cardiac event.

Methods

Training set. The model was developed from a “training”
set of 606 consecutive vascular surgery candidates veferred to
the candiac puclear laboratory for dipyridamole-thallium test-
ing before major elective vascular surgery at two university
hospitals (246 from Massachusetts General Hospital, Boston,
und 36/) from the University of Massachusctts Medical Center,

Worcester) between August 1984 and December 1991, as

previously described (19.24). Thirty nine’ patients were ex-
cluded because vascular surgery was postponed or canceled
hetause of severity of coronary discase. The remaining 567
paticnts who received promipt vascutar surgery comprised the
¢whort.
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Validation set. The validution set included an additional
547 paticnts from three university medical centers; 167 from
Deaconess Hospital. Boston, {75 patients from Medical Cen-
ter Hospital of Vermont, Burlington, and 172 patieats from
Yale University, New Haven. Consistent with the training set,
all subjects were consecutive elective vascular surgery candi-
dates referred 10 their institution’s respective nuclear cardiol-
ogy laboratories fur dipyridamole-thallium testing from Janu-
ary 1988 to Scptember 1991. A total of 33 patients were
excluded because vascular surgery was poslponcd or canceled
for severity of coronary disease.

The total study cohort is therefore 1,081 paucms

Risk factor selection. Variables identified as independent
predictors of major perioperative cardiac events (i.c., nonfatal
myocardial infarction or cardiac death) by consensus of the
study investigators and supported by. data from. published
reports (17-28) were sclected for inclusion into the logistic
models. These were the presence of the following: advanced
age (>70 years), history of angina, history of myocardial
infatction or electrocardiogiaphic (ECG) Q waves, history of
diabetes mellitus and history of congestive heart failure. Ad-
ditionally, coronary revascularization that occurred 1 month to
5 years (mean 24 = 0.8 years) before the current hospital
perid and was shown to be p.otective for postoperative
myocardial infarction in the current cohort and elsewhere
(29,30). For the training set, clinical and historical information
was obtained retrospectively from the medical record by

investigators who reviewed records up to; but not including,

the operative chart. For the validation sets, clinical and histor-
ical information was obtained prospectively, thai is, before
operation. Clinically relevant dipyridamole-thallium results
were described as 1) ischemic ECG changes. defined as a
2] mm ST segment depression compared with bascline levcls,
2) planar myocardial scintigraphic images that on review by
two experienced observers showed fixed defects: and 3) i images
showing defects that partially or completely redistributed on
delayed (>3 h) imaging,

Outcome determination. At all centers, outcomes were
assessed by modical record review and or interview of ths
treating physicians, the patients and their families. Outcomes
of interest were nonfatal or fatal myocardial infarction or
cardiac death. All patients were nionitored by daily ECGs and
serum cardiac enzyme levels (creatinine kinase-MB fraction
[CK-MB]) for 72 h after operation. For the. definition of
myocardial infarction, the University ‘of Minncsota criteria
were used: new ECG Q wave =1 mm or CK-MB 23% or both.
Fatal -cardiac events were defined as sudden death directly
attributable to myocardial infarction, .congestive failure or
ventricular arrhythmia. All reported fatal events were con-
firmed by review of hospital records, autopsy findings and
death certificates. All feported nonfatal events were confirmd
by medical recird review for the ECG of enzyme criteria, o
buth, cited previously.

Model development. ' Two specified logistic regression mod-
cls were developed using BMDP LR (BMDP Statistical Soft-
ware, Inc.) software: clinical and dipyridamole-thallium vari-
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Table 1. Distribution of Study. Variables According to Penopgralwu Event Rate

lmmmg Sat Vulldmm Scl
Event ' Nollaent B Iivml ‘Nu I-wm ) :
{n -~ 4n) {n = S21) OR (9% (1) P Vatue ine ) mo 478 OR (959 C1) p Value
Clinical ‘ ~ ' :
Age N yr 2 (46%) 176 (34%) 16 (0.9-3) 0.104 1B 46%2) 194 (41%) 12006245 087
Male 32{0%) 348 (67%) 1I(06-22) S0 14(36%) . 20(4%)  6.704-i4) . D490
Hi of MI/Q) wave 24 (52%) 195 (37%) 18(1.1-33) 0049 BEs%) 255 (54%) A8 20-120) - 0.000
Hx of angina - 21 (46%) 127 (24%) 26(14-48) 0.002 12(31%) 135 (28%) 1.1(05-23)" 1758
Hx of diabetes 17(37%) 105 (20%) 23(13-44) 0.008 27 (69%) 251 (53%) 2000-4.4) 0.048
Hx of CHF 10(22%) 49(9%) 27(1.3-57) (4] 15¢387%) TII8%) T 321 6-b4) A4.000
Prior CABG 1(2%) 67 (13%) 02(0.1-09) 0033 S (1) S1 (%) 2083 0.608
Dipyridamnle-thallivm ) -
Fixed defucts 3000 ) 220447 JO(18-06) (01 LIS 1S3 (A5) 1809 .14) 007
Reveruble defects A7 (M) 24 (435 5526 -11.6) 0,500 2330 167 (35%) 16(14-52) 09003
Inchemic ST chunges 14 (0% 485(9%) 46(2.3-4.3) (000 4(23%) A1) 27(12-6.1) 0011

CABG = coronury artery bypass graft surgery. CHF = congestive heart failure; C1

death; Hx = history; OR = odds ratio,

ables were regressed scparately because it was anticipated that
in practice the models would be applied to patients who had
not yet undergone dipyridamole-thallium testing and for
whom these variables would be undefined. Appropriate inter-
action terms were also considered among the clinical variabies,
such as the possible interaction between advanced age and any
of the cardiac or diabetic variables.

A Bayes:an framework for the analysis permits the clinician

to consider both the average risk (prior probability) and the
paticnt-specific predictive diagnostic information, which is
referred to as the likelihood ratio (31). A likelihood ratio is
typically computed for each clinical variable or test result from
the proportion of paticnts with a particular result who experi-
ence an event divided by the proportion who do not experience
the event. Likelihood ratios >1 yield a-patient risk estimate
greater than the average risk. Conversely, likelihood ratios <1
imply that the patient's risk is below the average: One of the
advantages 1o the use of likelihood ratios is that risk estimates
can be revised sequentially, first by the likélihood ratios
obtained for the set of clinical factors alone, then by the
dipyridamole-thallium results if necessary. In this study; like-
lihoud ratios were derived from logistic regression analyses
using a previously described method (22-37),

Model validation. - Ultimately, any predictive model should
be validated by comparing risk estimates to observed event
1atés in both the challenge and validation sets Validation
procedures are typically designed to assess discrimination (38)
and calibration'(39) performance. Cafibration. refers to compa-

rability be.veen observed and estimated rates. Discrintination |
describes 1 model’s ability to scparate a population into those
who will experience the event.and those whowill not. Typically, ©
goudness of fit” tests (39) and receiver~operating character-

istic (ROC) curves- (38) -are -used to cvaluate’ a model’s
calibration and discrimination, respectively.”

- confidence interval; Evenl = nonfulal myocardial infarctiun (M) of cardiac

Results

Distribution of risk factors according to outcome. The
distributions of clinical and dipyridamole-thallium variables
according to outcome is shown in Table 1 for perioperative
events (all patients). There were 46 events (30 nonfatal, 16
fatal) among the 567 training set patients (8%) and 39 events
(27 nonfatal, 12 fatal) among 514 validation set paticnts (8%).
With the exception of gender and perhaps advanced age, all
clinical and all dipyridamole-thallium variables in the training
set were more prevalent among those patients. with than
without an event. The computed odds ratios also indicate a
significant association between clinical and dipyridamole-
thaitium variables and outcome. Thete is also evidence of a
protective cffect among patients who underwent a ptior coro-

“nary bypass procedure-within § years. Threé of the six clinical

variables (prior myocardial infarction, diabetes, congestive
heart failure) in the validation set were associated with events,
and all dlpyrlddmolc—lhalllum variables were associated with
oufcome.

“The major cardiac cumpllcnuon rates (nonfatal myocardial
infarction, cardiac death) classified .wcordmg 10 type of vascu-
lar surgical procedure are shown in. Table 2 for both the
training- and validation sets. These values thus.correspond to
the procedure-specific prior probability of a cardiac event.
Event rates. in the training set were significantly, greater. for
infrainguinal (13%, 95% confidence interval {C1] 8% to 18%)
than for aortic (6%, 95% C1 4% to %) or carotid (6%, 95%
CI 1% 10,16%) procedurcs (p = 0.012): Again, event rates in

. the validation set- were gréatc.r‘ for infrainguinal (10%, 95% C1

7% to- 144 than aortic (6%, 95% C1 256 .10 12%) or carotid
(6% 95% C1 3% 10 12%) pmcedures, although these differ-

ences Were not statistically significant:

The logistic regressior.!analyses are- detailed in Table 3

Among the model |- clinical variables, a- history of diabetes,

angina, and prior coronary revascularization femained strongly
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o Compicat s include nonfatat myocardial mfaruum and cardiac death. Cl
+ confidence wterval; Pts = patients.

aswciated with outcome. No interaction terms were found to
contribate 1o the model All variables in the dipyridamole-
thallium mode! (mode! 2) are significantly predictive of out-
come.

Validation resalts. The ROC curves for the clinical and
sequentially applied (climcal pius dipyridamole~thallium)
mixiels developed from the training sct are shown in Figure 1,
Prognostic accuracy, as expressed by the ROC areas, was 74 %
36 for the clinical model and 81 % 3% for the sequentially
applicd models.

Figure 2 displays the comparative prognostic accuracy of
the training and individual validation set patients for the
sequentially applied model sccording to ROC areas. Areus
were 81 * 3% for the training set, and 74 % 9%, 72 + 7% and
76 + 5% for each of the three cemters representing the
validation set.

Calibration results are displayed graphically in Figure 3 for
both the traising and validation sets at four risk categories.
Values for the Hosmer-l.emeshow goodness of fit statistic, C
(39), computed from the observed and estimated ev.ont fre-
quencies for the traiming set and 2ach of the medical centers
comprising the validation wt, are 10.54 (p = (.75) for the
training set and 14.55 (p = 0.45),23.68 (p = 0.1) and 8.2 (p =

Tabk 3 lngmu Rxglusmn \‘lud«.l ( udhut.nh

p
Term Coeffirent SE Value
Mudel 1: Clinicat Variables
Age (= T yr) 0.50 0324 0.125
Diabetes .747 (3,344 0u?
Angina {1 756 0247 0.02%
CHE 11550 0,425 0.2
Ml 0470 RS 77
Prior CABG 22 (XM 0028
Comtant 1240 1 W)
Matel 2: Dipyr-damole Thalliom Van.sbles

Iichemnic $1 Changes AN 0373 00
Fined defect : 0x3 .04K s
Reversble defet 13 (IR 0.0001

(‘un\t.ml : 3 AK .y

Ahbn»mlmu a5 0 m'
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0.85) for cach of the individual validation sets (degrees of
freedom (8). The observed snd estimated risk for cach of four
tisk categories among the training set are as follows: 3% versus
30, 1T% versus 149, 23% versus 26% and 40% versus 4%,
The observed and «imated risk for each risk category among
the validution set are 4% versuy 3%, 9% versus 12%, 15%
verws J8% und 269% versus 42%,

The utility of stratification according to the models’ fisk
estimates is illustrated in Figure 4. When the clinical model
was applied to all 1,081 palienls the observed 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). The addition of dipyridamole-thallium data re-
classified >89% of the moderate risk patients into low (3%)
and high (19%) risk categories (p < 0.0001), However,
dipyridamole-thallium testing provided no further risk dis-
crimination among, the patients defined as éither low (p =
0.610) or high (p = 0.11) risk according to the clinical model. -

Risk estimate tab'es. Table 4 lists the estimaied risk (post-
test nrobability) of 4 perioperative cardiac eveat computed
from a range of complication rates (prior probability) and the
patient’s clinical risk score. These estimates were calculated
using logistic regression-derived likelihvod ratios (32-37). Ta-
ble 5 provides risk cstimates obtained from the dipyridamole-
thallium risk score. The prior probability for this model is
defined as the posttest probability of the clinical model. The
procedure required for estimating a patient-specific risk esti-
mate from these tables is detailed in the Appendix.

Discussion

The present analysis expands on our earlier model (24) for
predicting cardiac events by making use of a larger, more
diverse population of vascular surgery candidates and limiting
outcome definition 10 the “hand™ end points of myocardial

Figure 1. Recciver -operating characteristic curves tor clinical and
sequential Bayesian (ie., clinical and dipyridsmole-thullium) models
derived from the training set. Circles = clinical model only, area 74 +
Y. squares - scquential Bayesian (clinical plus dipyridamole thalki-
um), area 81 * 3%
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Figure 2, Receiver-operating chursctenstic curves for sequential

Baycsiun models derived from the training sel and each of the three

validation sets. Clrcles = training set (n = 567), arca 81 + 37%;

squares = University of Vermont (n = 175), area 74 ¢ 9%:

diamonds = Deaconess Hospital (n ~ 167), area 72 + 7%; inverse
triangles = Yale (n = 172), area 76 + 5%,

infarction or cardiac death. Furthermore, we used an improved
method of risk estimation that combines clements of Bayes
theorem and logistic regression, yet requires no calculation
beyond addition and subtraction of the risk estimate from
Tables 4 and 5. A clear advantage to this method is that it
permits consideration of the procedure-specific institutional
complication rate in the estiraticn of risk. Another advantage
to the use of logistic regression tc: calculate likelihood ratios is
that it ic not necessary to assume independence between those
variables included in each model (31). The logistic regression
method- used here has been successfully applied elsewhere
(32-37) and is one of several related methods of deriving
likelihood ratios using logistic regression (40~43). Logistic
models have also been applicd previously in a sequential
Bayesian manncr {44-46) to estimate cardiac risk in general
populations.

In contrast 10 our earlier studies (19,24), we noted differ-
ences in the type of variables and the valucs of the coeff.rients
found to be independently predictive of cardiac risk. This is
probably a result of the larger: size: of our cohort and the
selection of the “hard” end points of ronfatal myocardial
infarction or cardiac death versus the softer end points of
cardiac ischemic events (including unstable angina) used in
cne of the earlier studies (24): The prognusuc accuracy of the
models, as expressed by the ROC areus, is similar to values
published elsewhere for patients undergoing noncardiac sur-
gery: Detsky et al. (11) reported & ROC area of 81 * 4% for
“a multifactorial risk, index, which s identical to the value of
81 + 3% obtained for our sequiential Bayesian models. Also, as
-shown in Figure 4, risk ‘stratification: bused on the clinical

mudel alone could obviate the nieed for dipyridsmole-thallium

testing in nearly half the paticnis in this study. These pa-
tients could not be_ further stratified ard therefore. did not
benefil: from -added tevting in’ the operative setting:
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Figure 3. Calibration results from both the training sct (solid elrcles.
n = 567) and combined validation sct (opee circles, n - 514) (* SE of
uhserved rate). The obscrved and cstimated risk {or cach of four risk
categunics amnng the training set are as follows: 3% versus 3%, 17%
versus 14%., 23% versus 260% and 405 versus 54%. The observed and
«siimated mk for each risk calegory among the validation set are 4%
versus 3, 9% versus 12%, 15% versus 28% and 26% versus 42%.

Dipyridamole-thallium testing: provided further refined risk
stratification ‘only among the patients classified as moderate
risk (dccording to the clinical model): >80% of these paticats
were reclassificd as low or high risk. Thus, risk stratification
acoording to the clinical mod:l could reduce the need for
further testing and mayv prevcmvthc possible consequences of a
false positive resuit (unncccisary coronary ' angicgraphy).
Given the relatively high cost ol the thallium test, considerable
savings arc possible if its usc nsi limited 10 patienis deemed to
be at moderate risk according lo the clinical profile.
Validation assessments. THe validation assessments indi-
cate some loss of prognostic jaccuracy when the combined
(clinical plus thallium) mode} vas applied to the validation set
and some loss of reliability be,twccn observed and estimated
events. For example, as showr in Figure 4, the model tends to
overestim.ate risk when applied: to the challenge set, particu-
larly at %2 higher risk levels {>20%). However, the goodness
of fit p values indicate tha’ overall the estimated risk does
correspond to the obscrvet rates for each of the vatidation
sets. Althnugh ROC areus'are less for the validation set than’
the training sct, these vak ies indicate that good discrimination
temains (i.. all areas - xceed 50%) and are superior to the
external velidation re- ults reported elsewhere for a similar
maodél (13). Such “st rinkage” may result from observed dif-
ferences in the dist bution- of risk factors between the event:
and ‘nonevent groaps of patients between the training and
validation sets (Table 1). However, it is reasonable 10 assume
general compar.bility between training and validation sets for
the following casons: 1) all centers included in the study are
relatively lar ¢ urban teaching hospitals located in the notth-
castern Un'ied States; 2) both the training and validation sets
included 'uccw.m ‘vascular surgn.ry candidates referred 1o
the respictive institution’s cardiac nuclear laboratory - for
dipyridz mole-thallium testing before major elective vascular
surgen) ; 3) ~6% of the training group and 6% of the validation
set pa dents were excluded because vascular surgery was posl»
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Clicieal Aroomcuent Only
3,081 patiensta
’
Husinnizd risk brvel - & iow Moderme
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Figare 4. Suggested aigorthm and osults for using chinical vaniables
and dipyndamole- thallium resalts soquentiatly 1o strstify risk in 1,08!
patients Values shown we the event rates (nortad myocardiat
nfarchion or cardise death) and associated Y577 confidence intervals,
Clinical variables inclade advanced age (70 yeurs). history of angina,
history of myocardial sitarction, history of diabetes history of conges-
tive heart failure and prior coronary bypess grafting, Dipyridamole-
-thallium sanables were ischemic cluetrocardiogrophic changes, fixed
defects and reversible defects. Cut points defining low. moderate and
high risk correspond o postiest probabiities of 0 to £%. 5 0 15% and
o 8%, respeetvety, tor both medels. Sew text for dotded discussion of
the ulgorithm,

poned beeause of the severity of coronary disease: 4) the
overall event rates were identical bm\un nlxda wn and
training sets (8%4)

Study limitations. The present study was restricted o
successive vascular surgery candidates who underwent
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dipyridamole-thallium testing and prompt vascular surgery
at major university medical centers. Because this is an
observational study, the indication for thallium was based on
the clinician’s discretion, and as such, the patients in this
study arc- at slightly higher risk than all vascular surgery
candidates, Thus, our model may therefore not be general-
izable to all vascular surgery candidates. Further, because
the model is based on patients. who have already becn
selected for vascular surgery. it cannot be used to decide
who should undergo operation, that is, the model may be
used to predict outcome among those patients who do
undergo operition.

One major source of bias in this study is that preoperz*ive
dipyridamole-thallium results were made available to physi-
cians caring for all patients and tended to influence operative
managemeat. For example, those paticnts with _positive
dipyridamole ~thallium images were likely to be more carelully

Table 4. b mared Risk ul i‘uruv wrative Cardiac Event According to Compheation Rate and Clinical

\/un(-hk\ Rnk \mu Riny

(omphulum Rate

Chmal Seare Ranz- 2 4% A % 104, 12% 14% (53
e 14 27 3 1% 56 6% 7 K
0.3 1% 2% 3 4% 562 6 7 R
15~ 1% 3% 3% 60 "% 47 " 1260
Lo 24 3 b 7 K HY.e 1200 13
S 1 50 ¥ i 13 18% 1874 0%
1S 4 s 1 18 18% 215 44 27%
13 4 NG 126 1 19¢ 23 265 294

) 6 124 I i 277 kil 3s5% W%
i 134 247 294 3% ne 410
s 184 32, 374 420 47 SiY
1 A 37 494 53,
15% by 435 59 63

Inumlpu(L U .add weights cotresponding to paticnt \(Illm.al mk LMU
! : . prior bypass {(+1§ years),
corresponding to patient’s risk scoré and institetional complication rate,

congestive heart taiture, (L6 prior farction, 4.5,

diab¢tes. (18; anging, (18
- 2.2.To estimate risk, find value (in table) -
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Table 5. Estimated Risk of Pcnupcmtwc Cardiuc Event Accmdmg w Clinical Risk and Dipyridamole

Thallium Risk Score Range

Clinical Risk
Thallium Score Range 5% .U 75% 1004 12.5% 15.0% 17,5% 2006
0.0- 1% 1% 2% 21t 34 4% 4% 5
0.5 1% 1% 2% 3% 3 A% §% 6%
>{.5- : 1% % 3% 4% 5% 6% 1% . 8%
Lo 1% i 3% 4% 5% % 8% 9%
>10- 2% 3% 5% T% 8% {122 12% 4%
15 2% 5% % 10% 12% 15% 17% 2%
>1.5- 3% $% 8% 1 13% 16% o 4%
240 4 T 1% 1504 9% 2% u% %
=2 % L3 13% (L3 i U 7% e
8 [ 12%: 184 234 2 320 W e
18- 7% R} 19% 4% 29% WG 38% 2%
30 10% 18 26% 33% 38% 43¢ 484 52%
>30- 12% 240 k.1 37% 43 484 53¢ §7%
15 14% 24 M 424 L 536 SR 0%

To compuie seore, add weights corresponding to patient’s thallium test results: ischemic ST changes, 1.2; fixed dctcn
0.8; reversible defect, 1.3. To estimate risk, find value (in tble) corresponding to patient's thalliam risk score and clinical

risk estimute,

monitored during operation and subjected to longer postoper-
ativ. intensive care stays. .

Another potential bizs may occur if risk factor assessment,
obtained retrospectively from chart review, differs from risk
factor determination by clinicians when the modc! is being
applied. We recommend that every effort be mace both to
review the patient’s history and to consult the patient’s past
medical record for confirmation of risk factor status.

Clinical implications, The suggested risk stratification

scheme shown in Figure 4 demonstrates that a spectrum of-

clinical markers only, weighted according to prognostic impact,
may significantly alter the prior probability of a postoperative
cardiac event in a substantial number of patients referred for
dipyridamole-thallium testing, thus obviating the need for the
more expensive cardiac screening. Also, the perfyrmance of
the clinical model indicates that it could be used by itself to
estimate or stratify cardiac risk in patients not considered for
further testing because of the urgency of the vascular proce-
dure. However, it is also apparent from the thallium model
that dipyridamole-thallium scanning reliably reclassifies a ma-
jority of intermediate risk patients into low or high risk
categories.

The prediction models described in this report retain much of
their prognostic accuracy when applied to the validation sets and
can also reliably estimate risk in this group. The models are thus
generalizable to vascular surgery candidates who present for
elective operation at major university medical centers.
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Appendix

Example of Risk Estimation Procedure for
Individua! Patients

The chnician should first obtain an estimaie of the institutional
periope.ative rate of nonfatal myocardial infarction or cardiac death
for the required vascular surgery procedure, such as the values listed in
Table 2. This esimate is computed from the number of events divided
by the total aumbet of patients. For our example we will use the
perioperative cardiac complication rate for aortic procedures, which is
6%.

Second, the patient’s medical record should be consulted to obtain
information on all clinical variables listed at the bottom of Table 4.
With this list, the patient's clinical risk score is obtained by summing
the weights corresponding to cach of the paticnt’s clinical risk factors.
For cxample, if the patient were a 6Y-year-old candidate for aortic
surgery with & history of disbetes and anginia, the. risk score is.

Clinical score = 0.8 (Dlabcles) + 0.8 (Angina) = 1.6,

From Table 4, the estimated Tisk ofa perioperative cdrdmc event
that corresponds to an-institutional complication raie of 6% and that
falls within the clinical risk score range > 1.5 to 20 is ~13%. Thus, the’
“average” risk of a complication (6%) is rovised 10 - 135 for an
individual patient who exhibits the g.vun clin 22| isk factors.

Further risk discrimination based on dipr rid.i. nle-thallium results
may be desired if thi: patient wils subsequenly tested and displayed the
foilowing results: positive ischiemic clectrocardiographic changes and.a

reversible myocardial defect. The weights from the  dipyridamole~

thallium mode} shown at the bottom of Table 5 corresponcing to these
p. :dictors are 1,2 and 1.3, respectively, fer a total 'score of 2.7

Thallium score = 1.2 (Ischemic §T) + 173 (Reversible defect) = 25,
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A revised cardiac risk estimate is obtaincd from Table S by using
the estimated risk from the clineal model, (- 13%), as the pretest
piobability for the dipyridamole-thallum model and the nsk score
range > 2010 2.5. A cardiac rak (postiest probability) of - 27% is now
obtained fot the paticnt, indiating & doubling i risk. However, if all
dipyndamole - thallium resuite had been negative, i e are = ). This
would yield a pesttest probability of 34 from Table S implying a
substuntial rediwtion of rish.
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