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Objective: Previous studies of the epidemiology of stroke in patients undergoing
cardiac surgery have been based primarily on patients having coronary bypass
surgery and therefore have limited applicability to the more heterogenous popula-
tions seen in the current era. We examine the epidemiology of stroke after cardiac
surgery in a contemporary surgical population.

Methods: Retrospective analysis was conducted of a prospective database of 5085
adults (coronary bypass 2401, isolated valve 1003, valve/coronary bypass 546,
thoracic aorta 517, transplant/assist device 179, adult congenital 124, other 315)
who had cardiac surgery at a single institution over a 6-year period (1998 -2004).

Results: Stroke occurred in 134 (2.6%) patients. Incidence varied according to
procedure (coronary bypass 1.7%, isolated valve 1.8%, valve/coronary bypass 4.4%,
and ascending aorta 4.6%). Patients who had a stroke had a higher perioperative
mortality rate than that of patients who did not (32.8% vs 4.9%; P < .0001) and a
longer period of hospitalization (median 30 days vs 7 days; P < .0001). Multivariate
logistic analysis identified 10 preoperative predictors of stroke: gender, age, aortic
surgery, previous stroke, critical preoperative state, poor ventricular function, dia-
betes, peripheral vascular disease, unstable angina, and pulmonary hypertension. A
logistic model was developed on the basis of these risk factors to predict the
likelihood of stroke.

Conclusions: We have demonstrated a relatively low incidence of stroke in a diverse
contemporary cardiac surgical cohort. By enabling preoperative identification of
patients at risk, our logistic model has the potential to improve preoperative patient
counseling and selection and could help to define high-risk cohorts for research into
stroke prevention.

troke remains one of the most devastating complications of cardiac surgery.

Early studies conducted primarily on patients undergoing coronary artery

bypass grafting (CABG) provided great insight into the mechanisms and risk
factors associated with perioperative stroke. These studies documented a high
morbidity and mortality rate associated with stroke.! Present surgical cohorts,
however, are more heterogeneous than are historical series, with a lesser proportion
of patients undergoing CABG and increasingly older patients with more comor-
bidities. Management strategies have also changed in recent years. Additionally,
although several studies have examined predictors of stroke, most include intraop-
erative and postoperative variables, thus preventing use for preoperative risk strat-
ification. There is, therefore, a need for re-description of the epidemiology of stroke.
The objective of this study was to examine the epidemiology of stroke in the current
era and to develop a predictive model that is applicable to contemporary patient
cohorts.
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Abbreviations and Acronyms
CABG = coronary artery bypass graft
CPB = cardiopulmonary bypass
IQR = interquartile range

Materials and Methods

Patient Population and Data

Institutional review board approval with a waiver of individual
consent was obtained for this study. All patients in our center had
data entered prospectively into a New York State mandated car-
diac surgical database at the time of surgery. At time of hospital
discharge, complications occurring during the hospitalization (in-
cluding stroke) are entered into the database. Retrospective anal-
ysis of this prospective database forms the basis for this study. This
study was conducted on 5085 consecutive adult patients undergo-
ing cardiac procedures at our institution between 1999 and 2004.
Patient characteristics and procedures performed are shown in
Table 1. Summary of data collection routines and data definitions
are available from the New York State Department of Health.?
Stroke was defined as a permanent new neurologic deficit occur-
ring either intraoperatively or postoperatively during the hospital-
ization. Transient neurologic deficits with complete resolution at
the time of discharge or exacerbation of a previous cerebral vas-
cular accident with no new neurologic deficit were not recorded.
There was no systematic evaluation of patients for postoperative
stroke; recording of stroke was based on clinical diagnosis in the
course of standard patient management. In-hospital mortality was
defined as death within the same admission, regardless of cause.
Subsequent deaths were tracked from the Social Security Death
Index.

Surgical Techniques

The anesthesia, cardiopulmonary bypass (CPB), and surgical tech-
niques were varied according to physician preference. Some broad
patterns of practice were observed, however. Preoperatively, we
did not systematically screen for carotid or aortic disease. All
patients had intraoperative transesophageal echocardiographic as-
sessment of the thoracic aorta for atheroma. More recently, we
have routinely applied epiaortic ultrasound to identify optimal sites
for cannulation and clamping. For CPB, the ascending aorta was
the preferred site for arterial cannulation. For aortic procedures, in
patients with aortic atheroma, and in selected reoperative proce-
dures, the axillary artery was the preferred site for arterial inflow.
CPB was maintained with nonpulsatile blood flow between 2.0 and
25 L - min" ' - m 2 body surface area with a target perfusion
pressure between 60 and 80 mm Hg. Degree of systemic cooling
varied between 25°C and 34°C according to surgeon preference,
except for procedures requiring circulatory arrest, in which pro-
found hypothermia (16°C-20°C) was uniformly used. Cold blood
cardioplegic solution given intermittently via the antegrade and/or
retrograde route, with or without topical cooling, was the preferred
method of myocardial protection. A single clamp technique was
generally used for on-pump CABG. For off-pump CABG, proxi-
mal aortic anastomoses were performed with side-biting clamps or
with an anastomotic device. Carbon dioxide insufflation into the

TABLE 1. Patient characteristics

Variable n %
Age in years, median (IQR) 65 (54-74)
Gender: female 1856 36.5
Extracardiac vascular disease 551 10.8
Surgery on thoracic aorta 680 13.4
Surgery on aortic arch 163 3.2
Previous stroke 382 15
Severe aortic calcification 297 5.8
Critical preoperative state 269 5.3
Left ventricular function
Poor 758 14.9
Moderate 2538 49.9
Chronic obstructive pulmonary disease 349 6.7
Coronary graft performed 2947 57.6
Reoperation 691 13.6
Unstable angina 469 9.2
Renal failure 266 5.2
Pulmonary hypertension > 60 mm Hg 132 26
Diabetes 1319 25.9
Emergency operation 292 5.7
Recent myocardial infarction 607 11.9
Valve surgery performed 1549 30.5
Endocarditis 120 24
Operation type
Congenital 124 24
Isolated valve 1003 19.7
CABG 2401 47.2
Valve with CABG 546 10.7
Ascending aorta 517 10.2
Transplant or ventricular assist device 179 35
Other 315 6.2

1QR, Interquartile range; CABG, coronary artery bypass graft.

operative field has been used liberally in recent years. Deairing and
venting procedures varied among surgeons. Transesophageal echo-
cardiography was routinely used to facilitate deairing.

Database Validation

Our prospective database is kept in accordance with the require-
ments of the New York State Department of Health for the purpose
of auditing of cardiac surgical results in New York State. As part
of this audit process, all hospitals in the state provide information
to the Department of Health on every patient undergoing cardiac
surgery. Approximately 45 risk factor variables and 8 outcome
variables, including perioperative stroke, are collected on each
patient. Our database is validated periodically by the New York
State Department of Health. Validation consists of review of
unusual reporting frequencies, cross-referencing of our database
with other data sources, and periodic site visits to review the
medical records on a selected sample of cases.”

Statistical Analysis

Categorical variables are shown as a percentage and comparisons
were made with y” tests as appropriate. Continuous data are shown
as medians with interquartile range (IQR), with comparisons made
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TABLE 2. Risk of stroke according to risk of death

Predicted operative mortality Incidence of
risk by EuroSCORE n stroke (%)
Low (<3%) 1505 19 (1.3%)
Moderate (3%-9%) 2050 31(1.5%)
High (10%-24%) 1014 46 (4.5%)
Very high (=25%) 519 38 (7.3%)

There is a higher risk of stroke in patients at higher risk of death (P <
.0001).

by the Wilcoxon test. We used the Kaplan—Meier method for
survival analysis and the log—rank test to compare survival strata.
EuroSCORE was calculated by the logistic method.? Univariate
logistic regression was used to define relationships between cate-
gorical or continuous variables and the occurrence of stroke.
Variables with a P value of .20 or less were entered into a
multivariate logistic regression analysis. We used multivariate
logistic regression with stepwise selection to determine indepen-
dent predictors of stroke, retaining variables with a P value below
.10 in a final model. Confidence intervals were calculated as
appropriate. The area under the receiver operating characteristic
curve was used to assess the performance of the model. All
statistical analysis was performed with SAS for Windows version
9.1 (SAS Institute, Cary, NC).

Results

Incidence of Stroke

During the study period, postoperative stroke was observed in
134 patients (incidence 2.6%). Of these, 80 (60%) were ob-
served in the immediate postoperative period after reversal of
anesthesia. The remaining 54 strokes were first observed after
the first postoperative day. The incidence of stroke varied
significantly by procedure: CABG 1.7% (40/2401), isolated
valve 1.8% (18/1003), valve with CABG 4.4% (24/546), as-
cending aortic graft 4.6% (24/517), congenital 1.0% (1/124),
ventricular assist device or transplant 6.2% (11/179), and other
(including aortic arch) 5.4% (16/315). When patients were
stratified according to EuroSCORE predicted risk of operative
mortality, we observed an increasing risk of stroke, with in-
creased predicted mortality (Table 2).

Burden of Stroke

The hospital mortality for patients who had a stroke was
substantially higher than that for patients who did not have
a stroke (44/134 [32.8%] vs 242/4951 [4.9%]; odds ratio 9
[95% CI 6.1-13.2]). Strokes were also associated with sub-
stantially longer periods of hospitalization (median 30 days,
IQR 13-62) than seen in patients who did not have a stroke
(median 7 days, IQR 5-12; P < .0001). We observed a
higher incidence of all major complications in patients who
had a stroke (Figure 1). The burden of stroke continued
beyond the initial hospitalization, with a higher rate of death
over the first postoperative year. By the end of the first year

Respiratory
failure

Renal

Gastrointestinal

Sepsis

Bleeding

Sternal Infection

Incidence (percent)

M Stroke ONo Stroke

Figure 1. Association between
morbidity.

stroke and perioperative

there was a 35% absolute survival difference between pa-
tients who did not have a stroke and those who had a stroke
(Figure 2). The increased morbidity and mortality associ-
ated with stroke were seen across all EuroSCORE risk
categories. Although there were more stroke deaths in high-
risk patients, the relative risk of dying after a stroke was
highest in low-risk patients (Table 3).

Predictors of Stroke

Sixteen of the 22 factors examined on univariate analysis
met criteria for inclusion into multivariate analysis (Table
El). On multivariate analysis, 10 preoperative factors were
found to be independently predictive of stroke (Table 4).
These 10 factors can be broadly categorized into 3 groups:

e Markers of general patient risk—gender, age, and
diabetes
e Markers of vascular risk—previous stroke, peripheral
vascular disease, and aortic surgery
e Markers of severity of cardiac disease—poor left ven-
tricular function, pulmonary hypertension, critical
preoperative state (inotropic, mechanical, or ventila-
tory support), and acute coronary syndromes
By means of the logistic equation, the risk of stroke in a
given patient or patient group can be easily determined with a
calculator or spreadsheet (Table E2). For example, a 76-year-
old diabetic man with peripheral vascular disease and a prior
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Figure 2. One-year survival after heart surgery stratified by oc-
currence of stroke. Cl, Confidence interval.

stroke having an operation for aortic aneurysm has a 22% risk
of stroke. The area under the receiver operating characteristic
curve for the predictive model was 0.73.

Discussion

Incidence

In a heterogeneous and contemporary population of patients
undergoing cardiac surgery, we found a 2.6% incidence of
stroke. Prior series defining the epidemiology of stroke after
cardiac surgery variously define the incidence of perioper-
ative stroke after cardiac surgery between 0.8% and 5.2%.*°
Most of these studies are based on patients operated on in
the 1980s or early 1990s; thus they do not reflect increasing
comorbidity of current cohorts or recent advances in intra-
operative management,"®’ or they have consisted predom-
inantly of patients undergoing CABG.*'® McKhann,
Bucerius,'' and their colleagues have recently published
data on more contemporary and heterogeneous groups un-
dergoing cardiac surgery. McKhann and colleagues’ keep a
prospective stroke database at Johns Hopkins University
and recorded a stroke incidence of 4.1% for CABG, 3.1%
for valve, 7.9% for valve with CABG, and 8.7% for aortic
surgery for the years 2001 to 2004; these figures compare

TABLE 3. One-year mortality after stroke according to risk
category

Mortality rate

Patients with Patients without 0dds ratio
Risk group stroke stroke (95% CI)
Low 15.0% 1.3% 14 (3.9-55.6)
Moderate 26.7% 2.8% 12 (5.3-29.3)
High 32.6% 71.4% 6(3.1-11.8)
Very high 44.7% 21.1% 3(1.5-5.9)

Occurrence of stroke in the low risk patient increases the probability of
death several-fold.

with 1.8%, 2.0%, 4.6%, and 5%, respectively, in our series.
Bucerius and coworkers'' studied a heterogeneous popula-
tion of 16,184 patients who were operated on between 1996
and 2001. They reported an incidence of stroke of 4.6%
overall, with an 8.8% incidence after mitral valve surgery,
4.5% for aortic valve surgery, and 3.8% for on-pump
CABG. Although our study methodology does not provide
us with means of determining the reasons that our incidence
of stroke is lower than that in these two contemporary
series, we believe the key to a low stroke rate lies in
systematic application of adjunctive stroke prevention mea-
sures. For example, epiaortic ultrasound, which we now
routinely apply, identifies significant atheromatous lesions
that are not evident on digital palpation'*'? and may reduce
the risk of perioperative stroke.'* Similarly, our low thresh-
old for use of axillary artery cannulation may be protective,
inasmuch as less cerebral microemboli occur with this tech-
nique than with aortic cannulation.'” Single clamp tech-
niques,'® carbon dioxide flooding,'” maintenance of high
perfusion pressures,'® adequate hematocrit on bypass,'® and
hypothermia may also have contributed to our low inci-
dence of stroke.

Causation Versus Association

The continued hazard associated with perioperative stroke
months to years after the stroke occurs raises the possibility
that stroke may be a marker of predisposition to death rather
than a direct cause of death. Table 2 provides some argu-
ment against causation, because there is direct correlation
between risk of death (predicted by EuroSCORE) and inci-
dence of stroke. This implies that at least some patients who
die after a stroke were independently predisposed to peri-
operative death regardless of occurrence of the stroke. In
such patients, stroke often coexists with other major com-
plications such as bleeding, low cardiac output, and sepsis
(Figure 1) such that stroke may have been a surrogate for a
complicated postoperative course or a mechanism of death
in a critically ill patient, rather than the direct cause of
death. Such high-risk patients who do survive a stroke will,
by virtue of their pre-existing comorbidity, still be more
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TABLE 4. Multivariate predictors of postoperative stroke

Factor Coefficient Odds ratio 95% Cl P value
Aortic surgery 1.36 39 2.5-5.9 <.0001
Previous stroke 0.74 2.1 1.4-3.7 .0007
Critical preop state 0.90 25 1.4-45 .0008
Age > 60 y (per 5-y intervals) 0.14 1.2 1.0-13 .003
Left ventricle function, poor 0.69 2.0 1.3-3.2 .003
Gender, female 0.50 1.7 1.1-2.4 .006
Diabetes 0.50 1.7 1.2-2.6 .007
Peripheral vascular disease 0.58 1.8 1.1-2.9 .01
Unstable angina 0.51 1.7 0.9-2.8 .05
Pulmonary hypertension 0.79 2.2 0.9-4.5 .08

likely to die months or even years after surgery, partly
explaining the persistence of an increased death rate for
several years in patients who survive perioperative stroke.

In some patients, however, there is a definite causative
influence of stroke on mortality. This is well demonstrated
by our observation that low-risk patients, who should oth-
erwise survive without major complications, had a mortality
rate of 15% if they had a postoperative stroke (Table 3), an
excess mortality that cannot otherwise be explained by
preoperative risk factors. In the very high-risk patient, how-
ever, many strokes may be surrogates rather than the cause
of adverse outcomes, because the relative impact of a stroke
was less in the higher risk groups (Table 3).

Preoperative Risk Factors for Perioperative Stroke

Several studies have reported predictive factors for periop-
erative stroke.”'%!!-2>27 Most of these have based their risk
models on cohorts of patients undergoing CABG. In the
current era, the frequency of CABG surgery is decreasing
rapidly, such that existing models are not applicable to a
substantial proportion of patients undergoing cardiac sur-
gery. Our study is unique in the stroke literature inasmuch
as only half of our patients had isolated CABG; this pro-
vides sufficient heterogeneity to allow determination of risk
factors applicable to the entire spectrum of adult cardiac
surgery. Predictive variables in prior models have generally
been limited to markers of vascular disease and age; be-
cause they have limited risk factors, they invariably lack
sufficient discriminatory ability. For example, in the risk
model of McKhann and coworkers,*' a 65-year-old diabetic
and hypertensive man with no history of stroke has an
estimated 9% risk of stroke, a risk we would consider
excessive (on the basis of our model such a patient has a
stroke risk of 1.5%). By contrast, a 75-year-old diabetic
woman with peripheral vascular disease and a history of
previous stroke, who required an intra-aortic balloon for
hemodynamic support after an acute coronary syndrome,
would have a stroke risk of 12%, a risk we would consider
too low (in our model such a risk would be 33%). Such

inability to differentiate patients, whose risks of developing
an event are clearly not similar (referred to as a lack of
model discrimination), is a problem with most predictive
models for perioperative stroke. Lack of discrimination
arises largely because of the homogeneity of the populations
from which the models were defined (most were defined
based on low-risk CABG populations and therefore, by
definition, are not calibrated to predict outcomes in higher
risk patients). Bucerius and colleagues'' did study a more
heterogenous population, but applicability of their risk
model is limited because they included operative variables
such as duration of CPB, hemofiltration, and transfusion
requirement, thus preventing application in preoperative
risk stratification.

In our study, the risk factors are broad and include not
just markers of vascular disease (which predominate most
risk models) but also markers of general patient risk and
surgical complexity. The latter two are important because
markers of vascular disease alone will not capture increased
stroke risk in patients who are independently predisposed to
embolism or hypoperfusion (such as a patient having emer-
gency CABG after complications of angioplasty), both of
which are important etiologic mechanisms of stroke after
cardiac surgery. By capturing a diversity of patient morbid-
ity, our 10-factor model has improved discriminatory ability
compared with existing models. Because we have limited
our analysis to preoperative risk factors, risk stratification
can be applied preoperatively. This may prove particularly
useful to the cardiologist and cardiac surgeon when coun-
seling a patient with comorbidities about the risks of a
particular cardiac surgical intervention. Because of a lack of
data, often the focus is on mortality risk, but ideally the
stroke risk would also be available for consideration when
balancing the risks and benefits of a potential operation. A
relatively high probability of stroke in the setting of a low or
moderate operative mortality risk and minimal cardiac
symptomatology would be particularly relevant in the deci-
sion-making process. Another potential application of our
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model is to define high-risk cohorts for research into mech-
anisms and prevention of stroke, such as for testing of novel
neuroprotective drugs, devices, and techniques. Use of low-
risk cohorts for studies of stroke prevention are challenged
because several thousands of patients are required to dem-
onstrate a difference. For example, although Banbury and
colleagues® randomized 1289 patients to receive an intra-
aortic filter that captures particulate emboli which could
potentially cause stroke, they did not find any clinical dif-
ference between the intervention and control arm. The in-
cidence of stroke in the control arm (2.2%) was, however,
so low that up to 30,000 patients would have been required
to demonstrate the differences they sought. With a preop-
erative stroke risk model such as ours, a high-risk popula-
tion can be defined that requires realistic and smaller num-
bers to show relevant clinical differences.

Burden of Stroke

Perioperative stroke has a high clinical and economic bur-
den. We found patients who had a stroke 6 times more likely
to die during hospital admission than were those who did
not. Bucerius and colleagues'' also found a 6-fold increase
in mortality. The mortality associated with perioperative
stroke has remained constant over the past 3 decades (mor-
tality 32% in our series compared with 29% in the 1970s").
This suggests that in some patients stroke, once it occurs, is
a lethal condition that is minimally influenced by subse-
quent medical management. This highlights the importance
of stroke prevention as the primary approach to lessen the
burden of stroke. We observed increased morbidity and
length of stay in patients with stroke—these patients often
require intense medical therapy and therefore use a large
amount of resources. Patients with perioperative stroke also
require longer periods of intensive care (55% required pro-
longed ventilatory support in our series). Our observation of
a continued hazard of death, even after successful hospital
discharge, is supported by data from Dacey and coinvesti-
gators® from the Northern New England Cardiovascular
Disease Study Group, who found a reduced survival at 10
years in patients who had perioperative stroke compared
with those who did not (27% vs 62%).

The epidemiologic and economic burden of stroke after
cardiac surgery is huge. Some studies have suggested that as
many as 35,000 new strokes per year occur as a result of
cardiac surgery.>® On the basis of our findings of an incre-
mental length of stay of 30 days in stroke patients, at a
conservative cost of $1000 per day, the health care costs of
stroke after cardiac surgery in the United States may ap-
proach $1 billion annually.

Limitations
Although our database is prospective, all databases have a
potential for underreporting or misreporting of events and

risk factors. We, however, believe this underreporting to be
minimal as our data are based on a government-mandated
quality assurance database. The New York State Depart-
ment of Health periodically undertakes validation visits to
each center, and there has not been any question of the
quality of our data or underreporting of adverse events in
our center. Although we recorded data on complications at
time of discharge, rather than when the stroke occurred, it is
unlikely that this delayed recording would have resulted in
underreporting, because stroke was defined as permanent
deficits, which would still have been present at the time data
were entered. Because our definition of stroke was very
restrictive (permanent deficits only), our study did not pick
up subtle strokes. However, by recording only permanent
strokes, our study has the advantage of focusing on those
strokes that are most important to the patients and clinicians.
Another problem all databases face is incomplete data.
Statistical tests did not, however, find any missing data to be
systematically informative, such that it is unlikely that in-
complete data biased our results. Some risk factors are
unknown and other factors of interest may not have been
systematically collected (such as preoperative identification
of aortic calcification and preoperative atrial fibrillation),
preventing their inclusion in the model. We believe, how-
ever, that there is sufficient colinearity such that the effects
of any potentially useful variable that was not considered in
our study will be captured by variables included in our
model. For example, although atrial fibrillation has been
associated with a higher perioperative stroke rate on uni-
variate analysis, it is likely that this a confounding effect
from associated poor cardiac function and advanced valve
disease, because the association is lost on multivariate
analysis.'%!!

Conclusions

In a diverse population of patients undergoing cardiac sur-
gery, we have shown a low incidence of stroke in a con-
temporary surgical cohort. Although our incidence of stroke
is lower than that seen in historical cohorts, the impact of
stroke remains substantial in terms of mortality, morbidity,
and duration of hospitalization. Improved ability to predict
those patients who are at increased risk of stroke may allow
more targeted research and better informed consent. Cardi-
ologists, surgeons, and patients may benefit from such in-
formation when making decisions regarding referral, tim-
ing, and acceptance for surgery. External validation of our
model in other settings is required.
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TABLE E1. Univariate analysis of predictors of stroke

Stroke rate (%)

Patients with Patients without
Factor risk factor risk factor 0dds ratio 95% Cl P value
Age > 60 y (per 5-y intervals) 1.1 1.1-1.3 <.0001
Extracardiac vascular disease 5.4 23 24 1.6-3.7 <.0001
Surgery on thoracic aorta 5.6 2.2 2.6 1.8-3.9 <.0001
Surgery on aortic arch 8.6 24 3.7 2.1-6.6 <.0001
Previous stroke 5.8 24 2.1 1.7-4.3 <.0001
Aortic calcification® 9.8 2.2 5.0 3.2-1.8 <.0001
Critical preoperative state 6.7 24 2.8 1.7-4.8 <.001
Left ventricular function, poor 4.4 2.3 1.9 1.2-2.9 .001
Gender, female 35 2.1 1.6 1.2-23 .004
Obstructive airways disease 49 25 2.0 1.2-35 .005
Coronary graft performed 22 33 0.63 0.4-0.9 .008
Reoperation 41 24 1.7 1.1-217 .009
Unstable angina 4.3 25 1.6 1.0-2.6 .04
Renal failure 4.5 25 1.8 1.0-3.3 .05
Pulmonary hypertension 53 2.6 1.9 0.9-4.3 .08
Diabetes 3.2 24 1.34 0.92-1.9 M
Emergency operation 3.8 2.6 1.5 0.7-2.8 2
Carotid diseaset 39 26 1.4 0.7-2.9 .35
Recent myocardial infarction 3.1 2.6 1.2 0.7-2.0 A3
Valve surgery performed 2.7 2.6 1.1 0.7-1.5 .75
Left ventricular function, moderate 26 26 1.0 0.7-1.4 .88
Endocarditis 25 26 1.0 0.3-3.1 .97

*Because aortic calcification was often determined intraoperatively, this variable was not included in the multivariate analysis. tBecause we did not
routinely screen for carotid disease, these data were incomplete in a substantial proportion of patients.

TABLE E2. Logistic model for estimating the risk of stroke

Factor x (yes =1; no =0) b xb
Aortic surgery 1.36

Previous stroke 0.74

Critical preoperative state 0.9

Age > 60 y (per 5-y intervals) 0.14

Left ventricular function, poor 0.69

Gender, female 0.5

Diabetes 0.5

Peripheral vascular disease 0.58

Unstable angina 0.51

Pulmonary hypertension 0.79

Intercept (a) —4.99 —4.99
Total Sxb+ a=

Odds (stroke) = exp 2xb + a
P (stroke) = odds/(1 + odds)

Logistic model for estimating the risk of stroke. Numeric values (x) are assigned to each factor. xb refers to the product of x and the coefficient b. The
odds are then calculated as the exponent of the sum of all product coefficients xb and the intercept (a). The probability of a stroke is odds/(1 + odds).
The model can easily be applied using a spreadsheet.
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