
ResearchCMAJ

© 2014 Canadian Medical Association or its licensors	 CMAJ, September 2, 2014, 186(12)	 905

Stroke remains a devastating complication 
following cardiac surgery, with substan-
tial functional and economic impact.1–3 

Stroke research in cardiac surgery has focused 
on the immediate postoperative period;4–9 how-
ever, most patients undergoing cardiac surgery 
have conditions such as hypertension, diabetes 
and atrial fibrillation, which place them at long-
term risk of stroke.

Early and late outcomes among patients un-
dergoing cardiac surgery could be improved if 
the risk of postoperative stroke was defined and 
predictors of stroke identified. With this infor-
mation, clinicians could optimize medical ther-
apy for stroke risk factors such as hyperten-
sion,10,11 improve the evidence-based use of oral 
anticoagulation in patients with atrial fibrillation 
and evaluate intraoperative surgical strategies 
(e.g., removal of the left atrial appendage12) in 
patients whose clinical characteristics predict an 
increased risk of stroke. We examined the rate 
and predictors of long-term stroke within 2 years 
after cardiac surgery.

Methods

Study population
We included all patients 18 years of age or older 
who underwent coronary artery bypass grafting 
(CABG), isolated valve surgery or combined 
CABG and valve surgery in the province of 
Ontario from Apr. 1, 1996, to Mar. 31, 2007.

Databases
We obtained patient data on deaths occurring 
outside of hospital from 3 administrative data-
bases: the Cardiac Care Network of Ontario 
database, the Canadian Institute for Health Infor-
mation Discharge Abstract Database and the 
Registered Persons Database. These databases 
have been used extensively to examine health 
outcomes because deidentified health care 
records can be analyzed using encrypted identifi-
ers to track individuals over time.13–15 To deiden-
tify the records, patient health numbers in the 
Cardiac Care Network and other Institute for 
Clinical Evaluative Sciences databases are 
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Background: Much is known about the short-
term risks of stroke following cardiac surgery. 
We examined the rate and predictors of long-
term stroke in a cohort of patients who under-
went cardiac surgery.

Methods: We obtained linked data for pa-
tients who underwent cardiac surgery in the 
province of Ontario between 1996 and 2006. 
We analyzed the incidence of stroke and 
death up to 2 years postoperatively.

Results: Of 108 711 patients, 1.8% (95% confi-
dence interval [CI] 1.7%–1.9%) had a stroke 
perioperatively, and 3.6% (95% CI 3.5%–3.7%) 
had a stroke within the ensuing 2 years. The 
strongest predictors of both early and late 
stroke were advanced age (≥ 65 year; adjusted 
hazard ratio [HR] for all stroke 1.9, 95% CI 1.8–
2.0), a history of stroke or transient ischemic 
attack (adjusted HR 2.1, 95% CI 1.9–2.3), periph-
eral vascular disease (adjusted HR 1.6, 95% CI 
1.5–1.7), combined coronary bypass grafting 

and valve surgery (adjusted HR 1.7, 95% CI 1.5–
1.8) and valve surgery alone (adjusted HR 1.4, 
95% CI 1.2–1.5). Preoperative need for dialysis 
(adjusted odds ratio [OR] 2.1, 95% CI 1.6–2.8) 
and new-onset postoperative atrial fibrillation 
(adjusted OR 1.5, 95% CI 1.3–1.6) were predic-
tors of only early stroke. A CHADS2 score of 2 or 
higher was associated with an increased risk of 
stroke or death compared with a score of 0 or 1 
(19.9% v. 9.3% among patients with a history of 
atrial fibrillation, 16.8% v. 7.8% among those 
with new-onset postoperative atrial fibrillation 
and 14.8% v. 5.8% among those without this 
condition).

Interpretation: Patients who had cardiac surgery 
were at highest risk of stroke in the early post-
operative period and had continued risk over 
the ensuing 2 years, with similar risk factors over 
these periods. New-onset postoperative atrial 
fibrillation was a predictor of only early stroke. 
The CHADS2 score predicted stroke risk among 
patients with and without atrial fibrillation.
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encrypted into unique key numbers before the 
databases are linked together.

Available data on patient and surgery charac-
teristics were captured prospectively from the 
Cardiac Care Network of Ontario database, an 
approach that has been validated.16 Data on his-
tory of atrial fibrillation and hypertension are not 
complete in this database; therefore, we deter-
mined the presence of these 2 conditions in the 
10  years before surgery by searching the Dis-
charge Abstract Database for records with corre-
sponding International Classification of Diseases 
9th revision (ICD-9) and 10th revision (ICD-10) 
codes (atrial fibrillation: ICD-9 code 4273, ICD-
10 codes I480 and I481; hypertension: ICD-9 
codes 401–405, ICD-10 I10–I13 and I15). 
Patients with new-onset postoperative atrial 
fibrillation were defined as those who had no his-
tory of atrial fibrillation and whose hospital dis-

charge record for the index admission had a 
diagnostic code for atrial fibrillation. Definitions 
for the other clinical variables can be found at 
the Cardiac Care Network Web site (www.ccn​
.on.ca/ccn_public/FormsHealthCareProvider/data​
_dictionary.aspx).

Outcomes
The primary outcome was stroke occurring within 
2 years after surgery, either during the index hospi-
tal admission (early) or afterward (late). We identi-
fied patients with stroke by ICD-9 codes 430, 431 
and 434–436 and ICD-10 codes I60, I61, I63–I65 
and G45 (excluding G454) in the Discharge 
Abstract Database. Secondary outcomes were 
perioperative stroke or death (occurring during the 
same index hospital admission) and late stroke or 
death (from the time of discharge from the index 
admission to 2 years after surgery).

Table 1: Baseline characteristics of 108 711 patients who underwent cardiac surgery, by history of atrial fibrillation and  
by new-onset postoperative atrial fibrillation

Characteristic

History of atrial fibrillation,  
% of patients*

New-onset postoperative  
atrial fibrillation,  
% of patients*

Yes
n = 9 574

No
n = 99 137

Yes
n = 18 046

No†
n = 81 091

Demographic

Age ≥ 65 yr 72.7 51.7 68.1 48.0

Female sex 35.7 25.2 26.4 24.9

Risk factor

Congestive heart failure 47.0 18.2 23.9 17.0

Creatinine level, μmol/L, mean ± SD 93.8 ± 32.4 91.7 ± 25.4 92.4 ± 22.8 91.5 ± 25.9

Stroke or transient ischemic attack 7.4 3.6 4.6 3.4

Cerebrovascular disease 16.9 10.3 12.5 9.7

Diabetes mellitus 27.9 30.2 29.3 30.4

Dialysis 1.8 1.1 1.0 1.1

Hypertension 47.3 33.7 35.4 33.3

Left main coronary artery disease 13.1 19.7 19.9 19.7

Previous myocardial infarction 19.3 23.0 22.7 23.1

LV dysfunction (grade 2–4) 51.8 49.6 48.3 49.9

Reoperation 7.5 3.3 3.5 3.2

Peripheral vascular disease 16.6 14.0 16.5 13.5

CHADS2 score, mean ± SD 1.63 ± 1.17 1.03 ± 1.02 1.20 ± 1.08 0.99 ± 1.01

Type of cardiac surgery

CABG 48.1 79.6 71.0 81.5

Valve 31.8 11.2 14.8 10.4

CABG + valve 20.1 9.2 14.2 8.1

Note: CABG = coronary artery bypass graft surgery, CHADS2 = acronym for congestive heart failure, hypertension, age > 75 yr, diabetes mellitus, and prior stroke 
or transient ischemic attack, LV = left ventricular, SD = standard deviation. 
*Unless stated otherwise. 
†No history of atrial fibrillation and no postoperative atrial fibrillation.
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Statistical analysis
We compared the prevalence of plausible risk 
factors for stroke17,18 (a) among patients with 
and  without a history of atrial fibrillation and 
(b) among patients with new-onset postoperative 
atrial fibrillation and those without new-onset 
postoperative atrial fibrillation and no history of 
the condition. Risk factors that were plausible 
and available for analysis included age, sex, dia-
betes mellitus, congestive heart failure, left ven-
tricular systolic function, cerebrovascular dis-
ease, valve surgery, CABG surgery, creatinine 
level, dialysis, hypertension, prior transient isch-
emic attack or stroke, hyperlipidemia, peripheral 
vascular disease, reoperation, history of myocar-
dial infarction, left main coronary artery disease, 
history of atrial fibrillation and new-onset post-
operative atrial fibrillation. We also evaluated 
the CHADS2 score (an acronym for congestive 

heart failure, hypertension, age > 75 yr, diabetes 
mellitus, and prior stroke or transient ischemic 
attack)19 as a composite predictor of stroke, in
dependent of rhythm.

Risk factors with a p value of less than 0.2 in 
the univariable analysis were entered into the 
multivariable analysis with no further selection. 
A multivariable Cox model was used for the pri-
mary outcome as well as for late stroke. The pre-
cise timing of early stroke events that occurred 
during the index hospital admission was not 
available; on the basis of previous findings,9,17 we 
assumed that all of these events occurred in the 
first 48 hours after surgery. Logistic regression 
was used to analyze the outcome of early stroke.

Ethics approval
This study was approved by the Research Ethics 
Board, Sunnybrook Health Sciences Centre.

Table 2: Predictors of stroke within 2 years after cardiac surgery

Variable

Early stroke* Late stroke† All stroke

Unadjusted 
OR (95% CI)

Adjusted  
OR‡ (95% CI)

Unadjusted 
HR (95% CI)

Adjusted 
HR‡ (95% CI)

Unadjusted 
HR (95% CI)

Adjusted 
 HR‡ (95% CI)

Age ≥ 65 v. < 65 yr 2.6 (2.4–2.9) 2.1 (1.9–2.3) 2.3 (2.1–2.5)

Female sex 1.8 (1.5–2.2) 1.4 (1.2–1.6) 1.6 (1.4–1.8)

Male sex 2.2 (2.0–2.5) 2.0 (1.7–2.2) 2.0 (1.9–2.2)

Female v. male sex 1.3 (1.2–1.5) 1.5 (1.4–1.7) 1.4 (1.3–1.5)

Age ≥ 65 yr 1.1(1.0–1.2) 1.2 (1.1–1.4) 1.2 (1.1–1.2)

Age < 65 yr 1.4 (1.1–1.7) 1.7 (1.5–2.2) 1.5 (1.3–1.7)

Previous stroke or transient 
ischemic attack

2.8 (2.4–3.3) 2.1 (1.8–2.5) 2.8 (2.4–3.2) 2.2 (1.9–2.5) 2.8 (2.5–3.1) 2.1 (1.9–2.3)

Dialysis 2.6 (2.0–3.4) 2.1 (1.6–2.8) 1.6 (1.1–2.2) 1.3 (0.9–1.8) 2.1 (1.7–2.6) 1.7 (1.4–2.2)

Peripheral vascular disease 2.0 (1.8–2.2) 1.6 (1.4–1.8) 1.9 (1.7–2.1) 1.6 (1.4–1.8) 1.9 (1.8–2.1) 1.6 (1.5–1.7)

Creatinine ≥ 90 v. < 90 μmol/L 1.1 (1.0–1.2) 1.0 (0.9–1.1) 1.1 (1.0–1.2) 1.1 (1.0–1.2) 1.1 (1.0–1.2) 1.0 (1.0–1.1)

History of myocardial 
infarction

1.0 (0.9–1.1) 1.0 (0.9–1.1) 0.9 (0.8–1.0) 0.9 (0.8–1.0) 0.9 (0.9–1.0) 1.0 (0.9–1.0)

Congestive heart failure 2.0 (1.8–2.2) 1.4 (1.3–1.5) 1.6 (1.5–1.8) 1.1 (1.0–1.2) 1.8 (1.7–2.0) 1.2 (1.2–1.3)

History of atrial fibrillation 1.7 (1.5–1.9) 1.2 (1.1–1.4) 2.0 (1.8–2.3) 1.4 (1.3–1.6) 1.9 (1.7–2.0) 1.3 (1.2–1.5)

Left main coronary artery 
disease

1.1 (1.0–1.3) 1.2 (1.1–1.4) 1.0 (0.9–1.2) 1.0 (0.9–1.2) 1.1 (1.0–1.2) 1.2 (1.1–1.3)

LV dysfunction grade 2–4 
v. grade 1

1.2 (1.1–1.3) 1.1 (1.0–1.2) 1.2 (1.1–1.3) 1.2 (1.1–1.4) 1.2 (1.1–1.2) 1.2 (1.1–1.3)

Reoperation 1.5 (1.3–1.9) 1.2 (1.0–1.5) 1.1 (0.9–1.4) 1.0 (0.9–1.1) 1.4 (1.2–1.6) 1.1 (0.9–1.2)

Postoperative atrial 
fibrillation

1.7 (1.5–1.9) 1.5 (1.3–1.6) 1.1 (1.0–1.2) 1.1 (1.0–1.2) 1.3 (1.2–1.5) 1.2 (1.1–1.3)

CABG and valve surgery v. 
CABG alone

2.3 (2.1–2.6) 1.7 (1.5–1.9) 2.1 (1.8–2.3) 1.5 (1.4–1.8) 2.2 (2.0–2.4) 1.7 (1.5–1.8)

Valve surgery v. CABG 1.4 (1.2–1.6) 1.3 (1.1–1.5) 1.5 (1.3–1.7) 1.3 (1.1–1.5) 1.5 (1.4–1.6) 1.4 (1.2–1.5)

Note: CABG = coronary artery bypass graft surgery, CI = confidence interval, HR = hazard ratio, LV = left ventricular, OR = odds ratio. 
*Occurring during index hospital admission. 
†Occurring after hospital discharge up to 2 years postoperatively. 
‡Adjusted for all other variables in the table.
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Results

Population characteristics
A total of 108 711 patients were identified; their 
baseline characteristics are shown in Table 1 
according to history of atrial fibrillation and 
new-onset postoperative atrial fibrillation. Iso-
lated CABG was performed in 76.8% of 
patients, isolated valve surgery in 13.0% and 
combined CABG and valve surgery in 10.2%. 
The 9574 (8.8%) patients with a history of atrial 
fibrillation were older, more likely to be female 
and more likely to have valve or repeat surgery 
than those without a history of atrial fibrillation 
(Table 1). Postoperative atrial fibrillation devel-
oped in 18 046 (18.2%) of those without a prior 
history of atrial fibrillation. These patients were 
older and more likely to have congestive heart 
failure, a history of stroke or transient ischemic 
attack, peripheral vascular disease and to have 
undergone valve surgery than those without 
postoperative atrial fibrillation.

Incidence of stroke and death
Of the 108 711 patients, 1.8% (95% confidence 
interval [CI] 1.7%–1.9%) had a stroke periopera-
tively and 3.6% (95% CI 3.5%–3.7%) had a late 
stroke. The corresponding rates of death were 
2.8% (95% CI 2.7% to 2.9%) and 6.8% (95% CI 
6.6%–6.9%).

Predictors of stroke
The unadjusted and adjusted odds ratios (ORs) 
and hazard ratios (HRs) for the predictors of 
stroke at any time from the index hospital admis-
sion to 2 years postoperatively are shown in Table 
2. The strongest predictor of stroke at any time 
was a history of stroke or transient ischemic at-
tack (adjusted HR 2.1, 95% CI 1.9–2.3) and ad-
vanced age (≥ 65 yr; adjusted HR 1.9, 95% CI 
1.8–2.0). A significant interaction was observed 
between age and sex, with age having a stronger 
impact on risk among male patients. Other predic-
tors included dependence on dialysis, peripheral 
vascular disease and valve surgery.

The risk factors for early stroke and late stroke 
were similar, with a few exceptions. The stron-
gest predictors of early stroke were advanced age 
(unadjusted OR 2.6, 95% CI 2.4–2.9), history of 
transient ischemic attack or stroke (adjusted OR 
2.1, 95% CI 1.8–2.5), preoperative dependence 
on dialysis (adjusted OR 2.1, 95% CI 1.6–2.8), 
peripheral vascular disease (adjusted OR 1.6, 
95% CI 1.4–1.8), new-onset postoperative atrial 
fibrillation (adjusted OR 1.5, 95% CI 1.3–1.6), 
combined surgery (adjusted OR 1.7, 95% CI 1.5–
1.9), congestive heart failure (adjusted OR 1.4, 
95% CI 1.3–1.5) and valve surgery (adjusted OR 
1.3, 95% CI 1.1–1.5). For late stroke occurring 
up to 2 years postoperatively, several important 
predictors were shared with those of early stroke, 
including advanced age (unadjusted HR 2.1, 95% 
CI 1.9–2.3), a history of stroke or transient isch-
emic attack (adjusted HR 2.2, 95% CI 1.9–2.5), 
peripheral vascular disease (adjusted HR 1.6, 
95% CI 1.4–1.8), a history of atrial fibrillation 
(adjusted HR 1.4, 95% CI 1.3–1.6), combined 
CABG and valve surgery (adjusted HR 1.5, 95% 
CI 1.4–1.8) and valve surgery (adjusted HR 1.3, 
95% CI 1.1–1.5). New-onset postoperative atrial 
fibrillation and preoperative need for dialysis 
were not associated with later stroke. The same 
interaction between sex and age was observed for 
early and late stroke events. The variables of 
prior stroke or transient ischemic attack and cere-
brovascular disease were found to be collinear, 
and thus cerebrovascular disease was dropped 
from the final model without altering the results.

Table 3 presents the independent predictors of 
stroke or death according to sex. The results for 
stroke or death are consistent with those for 
stroke alone, and the impact of advanced age 
was greater among men than among women.

Impact of CHADS2 score and atrial 
fibrillation on stroke and death
Figure 1 presents the rate of stroke up to 2 years 
after surgery, stratified by CHADS2 score. Fig-
ure 2 presents the rate of stroke or death. Table 4 

Table 3: Predictors of death or stroke within 2 years after cardiac surgery, 
by sex

Variable

Adjusted HR* (95% CI)

Men Women

Age ≥ 65 v. < 65 yr 2.1 (2.0–2.2) 1.6 (1.5–1.7)

Previous stroke or transient ischemic 
attack

1.6 (1.5–1.8) 1.4 (1.2–1.6)

Dialysis 2.8 (2.5–3.2) 2.7 (2.2–3.3)

Peripheral vascular disease 1.6 (1.5–1.7) 1.5 (1.4–1.7)

Creatinine ≥ 90 v. < 90 μmol/L 1.1 (1.0–1.1) 1.1 (1.1–1.2)

History of myocardial infarction 1.0 (1.0–1.1) 1.1 (1.0–1.2)

Congestive heart failure 1.9 (1.8–2.0) 1.8(1.7–1.9)

History of atrial fibrillation 1.4 (1.3–1.5) 1.3 (1.2–1.4)

Left main coronary artery disease 1.3 (1.2–1.3) 1.4 (1.2–1.5)

LV dysfunction grade 2–4 v. grade 1 1.3 (1.2–1.4) 1.2 (1.2–1.3)

Reoperation 1.4 (1.3–1.6) 1.4 (1.2–1.6)

Postoperative atrial fibrillation 1.1 (1.0–1.1) 1.0 (0.9–1.1)

CABG and valve surgery v. CABG alone 1.7 (1.6–1.9) 1.9 (1.7–2.1)

Valve surgery v. CABG 1.4 (1.3–1.5) 1.3(1.2–1.5)

Note: CABG = coronary artery bypass grafting, CI = confidence interval, HR = hazard ratio, 
LV = left ventricular. 
*Adjusted for all other variables in the table.
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presents the rate of stroke or death at 2 years by 
CHADS2 score and the associated hazard ratio. 
The rate of stroke or death in the absence of any 
atrial fibrillation was 5.8% among patients with a 
CHADS2 score of 0 or 1, as compared with 14.8% 
among those with a higher score. In the group of 
patients who had a history of atrial fibrillation, the 
rate of stroke or death at 2 years was 9.3% among 
those with a CHADS2 score of 0 or 1, as com-
pared with 19.9% among those with a higher 
score. In the group of patients with new-onset 
postoperative atrial fibrillation, the rate of stroke 
or death at 2 years was 7.8% among those with a 
CHADS2 score of 0 or 1, as compared with 16.8% 
among those with a higher score.

The data showed that an increasing CHADS2 
score predicted an increased risk of stroke and of 
stroke or death among patients with atrial fibril-
lation (preoperative or new-onset postoperative) 
and among those without atrial fibrillation.

Interpretation

Our study had 3 key findings. First, patients who 
underwent cardiac surgery were at highest risk 
of stroke in the early postoperative period but 
were also at risk over the ensuing 2 years. Sec-
ond, the risk factors predicting early and late 
stroke were similar except for new-onset postop-
erative atrial fibrillation and preoperative need 
for dialysis, which predicted only early stroke. 
Third, the CHADS2 score predicted the 2-year 
risk of stroke and of stroke or death among 
patients with and without atrial fibrillation.

We examined the longer-term risk of stroke 
and its predisposing characteristics over the first 
2 postoperative years in a large cohort of patients 
undergoing cardiac surgery. The strongest pre-
dictors of perioperative stroke were similar to 
those of late stroke (advanced age, history of 
stroke or transient ischemic attack, peripheral 
vascular disease, combined CABG and valve 
surgery, and isolated valve surgery). The results 
extend the observations made by others who 
have described similar predictors in the risk of 
early stroke.5–8,18,20 Bucerius and colleagues 
found that cerebrovascular disease, preoperative 
infection and high transfusion requirement were 
the strongest independent predictors of perioper-
ative stroke.21 Roach and colleagues found prox-
imal aortic atherosclerosis, history of neurologic 
disease, use of intra-aortic balloon pump and age 
to be strong predictors of early adverse cerebral 
outcomes.7 Our study showed that risk factors 
for perioperative stroke continued to predict risk 
of stroke in the ensuing 2 years.

The finding that new-onset postoperative atrial 
fibrillation was an independent predictor of early 

stroke but not of late stroke suggests that patients 
with postoperative atrial fibrillation should be 
considered for a short course of anticoagulation. 
Postoperative atrial fibrillation as a predictor of 
stroke has been debated within the literature. 
Hogue and colleagues found that it had no impact 
on the postoperative rate of stroke unless it was 
accompanied by low cardiac output syndrome, 
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Figure 1: Rate of stroke from time of hospital admission for cardiac surgery to 
2 years after surgery, by CHADS2 score. CHADS2 = acronym for congestive heart 
failure, hypertension, age > 75 yr, diabetes mellitus, and prior stroke or tran-
sient ischemic attack; 1 point is given for the presence of each of the first 4 con-
ditions and 2 points for a history of stroke or transient ischemic attack.19
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Figure 2: Rate of stroke or death from time of hospital admission for cardiac sur-
gery to 2 years after surgery, by CHADS2 score. CHADS2 = acronym for conges-
tive heart failure, hypertension, age > 75 yr, diabetes mellitus, and prior stroke 
or transient ischemic attack; 1 point is given for the presence of each of the first 
4 conditions and 2 points for a history of stroke or transient ischemic attack.19
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with a resultant OR of 1.7 (95% CI 1.0–2.9).6 
Creswell and colleagues found that postoperative 
atrial fibrillation was associated with an increased 
incidence of stroke (3.3% v. 1.4% without the 
condition, p < 0.0005).4 Most recently, Tarakji 
and colleagues found that postoperative atrial fib
rillation was associated with a decreased rather 
than an increased risk of stroke.9 This association 
may have been the result of an aggressive anti
coagulation strategy that is followed at the centre 
where the patients were recruited. Our study adds 
more than 100 000 patients to this literature, with 
18 046 (18.2%) who had postoperative atrial fib
rillation, in whom there was a strong signal that 
this arrhythmia is associated with an increased 
risk of early stroke. Prospective studies are 
needed to define the use of antithrombotics in 
these patients.

The CHADS2 score is a validated clinical pre-
diction rule for stroke risk in non-rheumatic 
atrial fibrillation22 and is used to guide anti-
thrombotic therapy. Our findings showed that the 
CHADS2 score was an important predictor of 
stroke or death even in the absence of atrial 
fibrillation. This finding extends the results of 
Welles and colleagues, who showed that the 
score predicted ischemic stroke in the absence of 
atrial fibrillation.23 A prospective observational 
study involving cardiac surgery patients that 
closely tracks stroke subtypes, timing and thera-
pies that may reduce the stroke risk is needed. 
Possible therapeutic approaches to be examined 
include optimization of antihypertensive therapy, 
optimization of antithrombotic therapy and intra-
operative strategies such as occlusion of the left 
atrial appendage.

Limitations
This study has several limitations. First, the his-
tory of hypertension and atrial fibrillation were 

not validated within the Cardiac Care Network 
database. We used administrative claims data to 
identify rates of hypertension in a large popula-
tion living in a single-payer health care system, 
an approach that has been validated previously.24 
Tu and colleagues asserted that coding for atrial 
fibrillation would be very specific and thus rates 
would be accurately captured in this popula-
tion.24 Our method of looking back 10 years for 
ICD codes for these diagnoses yielded preva-
lence rates that one would expect to see in this 
population. Nonetheless, Tu and colleagues con-
ceded that relying on accurate coding of events 
such as atrial fibrillation by medical records per-
sonnel is a limitation of any study using adminis-
trative databases.

Second, intraoperative variables such as car-
diopulmonary bypass time, cross-clamp time and 
on-pump versus off-pump procedures were not 
captured in the dataset. We were thus unable to 
interpret the influence of intraoperative variables 
on the rate of stroke.

Third, the dataset likely did not include all 
instances of postoperative atrial fibrillation. 
However, it probably did capture the instances 
that were clinically significant and prolonged.

Fourth, the dataset contained no information 
on postoperative anticoagulation use, either in 
hospital or on discharge.

Fifth, the timing of the postoperative stroke 
events that occurred in hospital was not avail-
able. The precise timing of stroke in relation to 
the onset of postoperative atrial fibrillation 
would better elucidate a causal relation. To fur-
ther investigate this association, a prospective 
cohort study would be optimal.

Finally, information on losses to follow-up 
was not available. However, this would be lim-
ited to patients who left the province of Ontario, 
which would involve less than 1%.25

Table 4: Risk of stroke or death after cardiac surgery, by CHADS2 score*

CHADS2 
score

No. of 
patients

% of patients (95% CI) Unadjusted HR (95% CI)

Stroke within 2 yr Stroke or death within 2 yr Stroke within 2 yr Stroke or death within 2 yr

0 37 492 2.0 (1.9–2.2) 4.7   (4.5–4.9) Reference Reference

1 38 751 3.3 (3.1–3.5) 8.3   (8.1–8.6) 1.7 (1.5–1.8) 1.8 (1.7–1.9)

2 21 938 5.0 (4.7–5.3) 13.8 (13.4–14.3) 2.6 (2.3–2.8) 3.1 (2.9–3.3)

3 7 761 6.7 (6.2–7.3) 20.9 (20.0–21.8) 3.6 (3.2–4.0) 4.8 (4.5–5.2)

4 2 071 9.8 (8.5–11.1) 24.6 (22.8–26.5) 5.3 (4.5–6.2) 5.8 (5.3–6.4)

5 599 10.2 (7.8–12.6) 26.5 (23.0–30.1) 5.5 (4.3–7.2) 6.3 (5.4–7.4)

6 99 9.1 (3.3–14.9) 38.4 (28.6–48.1)   5.2 (2.7–10.0)   9.6 (7.0–13.3)

Note: CI = confidence interval, HR = hazard ratio. 
*Acronym for congestive heart failure, hypertension, age > 75 yr, diabetes mellitus, and prior stroke or transient ischemic attack; 1 point is given for the presence 
of each of the first 4 conditions and 2 points for a history of stroke or transient ischemic attack.
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Conclusion
Patients undergoing cardiac surgery were at in-
creased risk of stroke, both perioperatively and 
in the ensuing 2 years. The predictors of stroke 
were similar for these 2 periods: advanced age, a 
history of stroke or transient ischemic attack, 
peripheral vascular disease, combined CABG 
and valve surgery, and isolated valve surgery. 
New-onset postoperative atrial fibrillation was a 
predictor of early but not late stroke. The role of 
early anticoagulation, particularly in the pres-
ence of an elevated CHADS2 score, should be 
explored in future research. A CHADS2 score of 
2 or higher predicted an increased risk of stroke 
or death among patients with and without atrial 
fibrillation. Patients with an elevated score 
should be the focus for preventive strategies in 
future research irrespective of heart rhythm.
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