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Abstract

 Background and Purpose—Stroke is a potentially devastating complication of cardiac 

surgery. Identifying predictors of radiographic infarct may lead to improved stroke prevention for 

surgical patients.

 Methods—We reviewed 129 post-operative brain MRIs from a prospective study of patients 

undergoing surgical aortic valve replacement (AVR). Acute infarcts were classified as watershed 

or embolic using pre-specified criteria.

 Results—Acute infarct on MRI was seen in 79 of 129 patients (61%), interrater reliability for 

stroke etiology was high (κ =0.93). Embolic infarcts only were identified in 60 (46%), watershed 

only in 2 (2%), and both in 17 (13%). In multivariable logistic regression, embolic infarct was 

associated with aortic arch atheroma (OR=3.4, 95%CI 1.0-12.0, p=0.055), old subcortical infarcts 

(OR= 5.5, 95%CI 1.1-26.6, p=0.04), no history of PTCA or CABG (OR=4.0, 95%CI 1.2-13.7, 

p=0.03), and higher aortic valve gradient (OR=1.3 per 5mmHg, 95%CI 1.09-1.6, p=0.004). 

Watershed infarct was associated with internal carotid artery stenosis ≥70% (OR=11.7, 95%CI 
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1.8-76.8, p=0.01) and increased left ventricular ejection fraction (OR=1.6 per 5% increase, 95%CI 

1.08-2.4, p=0.02).

 Conclusions—The principal mechanism of acute cerebral infarction after AVR is embolism. 

There are distinct factors associated with watershed and embolic infarct, some of which may be 

modifiable.
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 Introduction

Stroke complicating cardiac surgery is associated with prolonged length of stay, higher cost, 

and increased morbidity and mortality.1, 2 Peri-procedural radiographic infarcts are much 

more common than clinical events, and a greater understanding of the mechanisms of injury 

could lead to improved stroke prevention.

Prior attempts to determine the etiologies of infarcts after cardiac surgery have been limited 

by retrospective review of radiology reports, and imaging consisting of a mixture of head 

computed tomography (CT) or MRIs at non-standardized time-points. We investigated 

etiologic mechanisms of peri-procedural radiographic infarct from a prospective study of 

patients undergoing AVR for calcific AS with standardized MRI assessments.

 Methods

 Study design

Retrospective review of a prospective observational cohort study of subjects ≥ 65 years old 

undergoing open surgical AVR for calcific moderate-to-severe aortic stenosis. The study 

protocol was described in a prior publication.2 MRI with diffusion-weighted imaging (DWI) 

was obtained in 129 of 196 patients (66%) on median post-operative day 6 (IQR 5 – 8).

 Infarct Classification System

Two blinded neurologists independently reviewed MRIs for stroke location and type 

(embolic versus watershed). Acute infarct was defined as increased signal on DWI sequence 

with an appropriate apparent diffusion coefficient (ADC) correlate. Watershed infarcts were 

subcategorized into cortical border zone and internal border zone.3 Strokes were categorized 

as embolic if there were one or more DWI lesions in a non-watershed territory, or an isolated 

single small lesion (<1.5cm) in a possible watershed territory (Figure 1). Fluid attenuated 

inversion recovery (FLAIR) sequencing was reviewed for evidence of old infarction. Areas 

of disagreement were resolved independently by a third blinded neurologist.

 Statistical Analysis

Interrater reliability of the etiologic classifications was measured with κappa statistics. 

Demographic, clinical, and operative factors were tested for association with watershed and 
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embolic stroke using t-test, Fisher exact, chi-squared, or Wilcoxon ranked sum, as 

appropriate. Factors in univariate analysis with p<0.1 were evaluated in a multivariable 

logistic regression model. Statistical analysis was performed using STATA 13.0 (College 

Station, TX).

 Results

Acute infarct was seen in 79 of 129 patients (61%). Mean age 75 (±6) years, 66% male, and 

7% nonwhite. Embolic strokes only were identified in 60 (46%), watershed only in 2 (2%), 

both in 17 (13%), and no infarct in 50 (39%). There was excellent interrater agreement on 

assessment of the presence of each of infarct type (κ =0.93). Table I(supplement) presents 

the demographic, clinical, and surgical characteristics, and univariable testing for each stroke 

type.

In multivariable logistic regression, embolic infarct was independently associated with 

moderate-to-severe ascending aortic atheroma (OR=3.4, 95%CI 1.0-12.0, p=0.055), the 

presence of old subcortical infarcts (OR= 5.5, 95%CI 1.1-26.6, p=0.04), no history of 

percutaneous transluminal coronary angioplasty (PTCA) or coronary artery bypass graft 

(CABG) (OR=4.0, 95%CI 1.2-13.7, p=0.03), and higher aortic valve gradient (OR=1.3 per 

5mmHg, 95%CI 1.09-1.6, p=0.004). In a separate logistic regression model, watershed 

infarct was independently associated with internal carotid artery (ICA) stenosis ≥70% 

(OR=11.7, 95%CI 1.8-76.8, p=0.01) and increased left ventricular ejection fraction (OR=1.6 

per 5% increase, 95%CI 1.08-2.4, p=0.02). Drop in blood pressure from baseline (obtained 

at pre-operative clinic visit) to intra-operative nadir was not associated with watershed or 

embolic infarct.

 Discussion

Patients undergoing MRI after surgical AVR for calcific AS had a high rate of radiographic 

infarct (61%). The primary etiologic mechanism of infarct was embolism which is consistent 

with prior reports.4, 5 Aortic arch atheroma is a well-documented predictor of stroke in 

cardiac surgery and we identified a correlation of embolic stroke with moderate-to-severe 

aortic arch atheroma.6 Higher aortic valve gradient was also associated with embolic infarct 

likely reflecting greater calcification and increased atherosclerotic disease burden.7 

Although coronary artery disease is a known risk factor for ischemic stroke,8 not having had 

prior PTCA or CABG was associated with embolic stroke in multivariate analysis possibly 

related to continuation of antiplatelets through the surgical period. Unfortunately, we did not 

have pre-operative medication data to confirm or refute this hypothesis. Finally, preoperative 

subcortical lesions on FLAIR was also associated with embolic infarct. Preexisting 

subcortical lesion burden is thought to occur in regions of hemodynamic impairment and 

reduced washout of small emboli.9, 10

Severe ICA stenosis was strongly associated with watershed infarction, consistent with the 

presumed mechanism for injury in these territories. More surprisingly, increased left 

ventricular ejection fraction was also associated with watershed infarct. Patients with higher 

ejection fraction may experience a larger drop in cerebral perfusion pressure when placed on 
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bypass, however overall the drop in MAP was not associated with infarct, making this 

unlikely.

Strengths of our study include an aged, high-risk population, uniform imaging modality and 

timing, and serial clinical stroke ascertainment. Several limitations should be noted. Only 

129 of 196 patients obtained MRI scans with DWI, mainly due to patient refusal and/or 

medical instability of the patient, which may have resulted in selection bias favoring milder 

brain injuries. Our cohort was selected from two tertiary hospitals, representing one 

academic institution, which may limit our generalizability. Lastly, there is evidence to 

suggest that hypoperfusion and embolism often coexist and their radiographic patterns are 

linked.10 However, the criteria used to determine infarct type appear to be reliable and valid, 

and there were distinct and plausible factors associated with each infarct mechanism.

 Conclusion

Radiographic ischemic infarct after open surgical AVR for calcific aortic stenosis is common 

and the principal mechanism is embolism. Risk factors for radiographic infarction were 

generally distinct from clinical factors and some may be modifiable.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
MR Diffusion weighted imaging (DWI) and corresponding apparent diffusion coefficient 

(ADC) sequences. (A) Left cortical borderzone watershed infarction and right internal 

borderzone watershed infarction. (B) Right occipital embolic infarct. (C) Left embolic 

infarct, although in an area of possible watershed distribution the lesion is singular and 

<1.5cm.
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