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ABSTRACT

OBJECTIVE: Preoperative cardiac risk assessment scoring systems traditionally do not include valvular
regurgitation as a criterion for adverse outcome prediction. We sought to determine the impact of
significant mitral regurgitation on postoperative outcomes after planned noncardiac surgeries.
METHODS: Patients with significant mitral regurgitation (moderate-severe or severe) undergoing noncar-
diac surgery were identified using surgical and echocardiographic databases at the Cleveland Clinic. The
mechanism of mitral regurgitation was identified and classified as ischemic or nonischemic. By using
propensity score analysis, we obtained 4 matched controls (patients undergoing noncardiac surgery without
mitral regurgitation) for each case. The primary outcome was defined as a composite of 30-day mortality,
myocardial infarction, heart failure, and stroke. Secondary outcomes included 30-day mortality, myocar-
dial infarction, heart failure, stroke, and atrial fibrillation.
RESULTS: A total of 298 cases and 1172 controls were included in the study. The incidence of primary
outcome was significantly higher among patients with mitral regurgitation (22.2%) compared with controls
(16.4%, P � .02). Analysis of the secondary outcomes revealed significant differences in perioperative
heart failure (odds ratio, 1.4; 95% confidence interval, 1.02-2.0) and perioperative myocardial infarction
(odds ratio, 2.9; 95% confidence interval, 1.2-7.3). Of patients with mitral regurgitation, those with
ischemic mitral regurgitation had significantly more events than those with nonischemic mitral regurgi-
tation (39.2% vs 13.3%, P � .001).
CONCLUSIONS: Patients undergoing noncardiac surgery with significant ischemic mitral regurgitation are
at higher risk of a composite adverse postoperative outcome, including short-term mortality, heart failure,
myocardial infarction, and stroke.
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The complexity and number of noncardiac surgeries in
individuals with preexisting cardiovascular disease have
increased considerably in the past few decades.1,2 The tra-
ditional perioperative outcome prediction scores, such as
the Revised Cardiac Risk Index,3 do not include valvular
heart disease as a criterion for predicting adverse outcomes.

A few small observational studies have suggested that se-
vere valvular disease affects perioperative outcomes in non-
cardiac surgery.4,5

Mitral regurgitation is the most common valvular disor-
der encountered in modern clinical practice.4 Moderate to
severe mitral regurgitation has been shown to be the most
common valvular disorder requiring surgery in the United
States.5 The prevalence of mitral regurgitation has been
estimated to be approximately 2% in the US population,
affecting 2.0 to 2.5 million adults in 2000.6,7 Despite a
significant reduction in rheumatic heart disease in the west-
ern world, mitral regurgitation is a rapidly growing public
health concern. It is estimated that the number of patients
affected by mitral regurgitation will double by 2030 because
of an increase in the number of aging adults.7 The current
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American College of Cardiology/American Heart Associa-
tion (ACC/AHA) and European Society of Cardiology
guidelines do not recognize severe mitral regurgitation as a
contraindication for noncardiac surgeries but suggest using
caution in patients with severe mitral regurgitation who
have symptoms or severe left ven-
tricular dysfunction.8,9 Further,
there are no specific recommenda-
tions for preoperative evaluation
in patients with mitral regurgita-
tion before noncardiac surgery; it
is recommended that the manage-
ment be tailored according to the
general valvular heart disease
guidelines.9 However, these rec-
ommendations are driven primarily
by expert opinion without objec-
tive evidence. One small observa-
tional study has suggested that
clinically significant mitral regur-
gitation may lead to increased
perioperative cardiac complica-
tions.5 We therefore sought to
determine the impact of severe
mitral regurgitation on the periop-
erative outcomes after noncardiac
surgery by focusing on the mecha-
nism of mitral regurgitation.

MATERIALS AND METHODS

Patient Population
All adults (aged � 18 years) undergoing any noncardiac
surgery between January 2005 and February 2009 with
echocardiographically diagnosed moderate-severe or severe
mitral regurgitation (referred to as “significant mitral regur-
gitation”) before surgery were identified from the echocar-
diography and surgical databases maintained at the Cle-
veland Clinic. We determined the mechanism of mitral
regurgitation by reviewing electronic medical records,
echocardiograms, and coronary angiograms. The mecha-
nism of mitral regurgitation was determined by review of
echocardiograms and stratified as rheumatic, degenerative,
infective endocarditis, hypertrophic cardiomyopathy, radia-
tion-induced, and functional. Functional mitral regurgitation
was defined as mitral regurgitation resulting from left ven-
tricular dilatation with regional or global systolic dysfunc-
tion resulting in malcoaptation of structurally normal mitral
valve leaflets. Functional mitral regurgitation was further
characterized as ischemic or nonischemic on the basis of the
mechanism of left ventricular dysfunction.10 Electronic
medical records for each patient were reviewed for deter-
mination of primary and secondary outcomes.

The comparison group was derived from the pool of
7212 adult patients without significant mitral regurgitation
undergoing noncardiac surgery. We used propensity score
matching to identify a matched comparison group based on

age, sex, and the 6 Revised Cardiac Risk Index character-
istics, namely, history of heart failure, preoperative creati-
nine greater than 2 mg/dL, preoperative insulin use, history
of coronary artery disease, history of cerebrovascular dis-
ease, and high-risk surgery.3 For each case, 4 control pa-

tients were identified to maximize
the statistical power of the study.
Patients with prior mitral valve re-
pair or replacement were excluded
from the analysis. The protocol
was approved by the institutional
review board at the Cleveland
Clinic.

Outcomes
The primary outcome was a com-
posite of 30-day mortality, myo-
cardial infarction, heart failure,
and stroke. Secondary outcomes
that were compared between the 2
study groups included 30-day
mortality, myocardial infarction,
heart failure, stroke, and atrial fi-
brillation, because they result in
significant morbidity and mortal-
ity in patients undergoing noncar-
diac surgery.11,12

Postoperative myocardial in-
farction was defined as an increase
in cardiac biomarkers (creatine-ki-

nase-MB � 8.8 ng/mL or troponin T � 0.1 ng/mL) in the
appropriate clinical context of chest pain and electrocardio-
graphic changes. Postoperative heart failure was identified
on the basis of clinical signs and symptoms along with chest
radiography indicative of pulmonary edema. Stroke was
defined as new-onset focal neurologic symptoms confirmed
by imaging studies (computed tomography or magnetic res-
onance imaging of the brain). Postoperative atrial fibrilla-
tion was identified using continuous electrocardiographic
monitoring in the immediate postoperative period or serial
electrocardiography in case of unexplained tachycardia.

Statistical Analysis
The continuous variables were expressed as mean �
standard deviation, and the categoric variables were ex-
pressed as proportions. By using propensity score anal-
ysis, 4 controls were selected for every case after match-
ing for age, sex, and the 6 Revised Cardiac Risk Index
characteristics. Student t test was used to compare con-
tinuous variables and chi-square test was used to compare
categoric variables between the 2 study groups. Kaplan-
Meier survival analysis was used to compare the long-
term mortality between the 2 groups. A multivariate
logistic regression analysis using bootstrapping with 500
replicates was performed to determine the predictors of
primary outcome in patients with significant mitral re-

CLINICAL SIGNIFICANCE

● Significant mitral regurgitation in-
creases the risk of postoperative heart
failure and myocardial infarction after a
noncardiac surgery.

● Patients with severe (�3�) ischemic
mitral regurgitation are at higher risk of
postoperative complications compared
with those with nonischemic mitral re-
gurgitation (39.2% vs 13.3% for com-
posite of 30-day mortality, myocardial
infarction, heart failure, and stroke).

● Ejection fraction less than 35%, ische-
mic cause of mitral regurgitation, and
history of diabetes were important pre-
dictors of postoperative adverse out-
comes after noncardiac surgery.
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