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ABSTRACT
Background: The prognostic value of heart failure symp-
toms on postoperative outcome is well acknowledged in peri-
operative guidelines. The prognostic value of asymptomatic
left ventricular (LV) dysfunction remains unknown. This
study evaluated the prognostic implications of asymptomatic
LV dysfunction in vascular surgery patients assessed with
routine echocardiography.
Methods: Echocardiography was performed preoperatively
in 1,005 consecutive vascular surgery patients. Systolic LV
dysfunction was defined as LV ejection fraction less than

50%. Ratio of mitral-peak velocity during early and late fill-
ing, pulmonary vein flow, and deceleration time was used to
diagnose diastolic LV dysfunction. Troponin-T measure-
ments and electrocardiograms were performed routinely
perioperatively. Multivariate regression analyses evaluated
the relation between LV function and the study endpoints,
30-day cardiovascular events, and long-term cardiovascular
mortality.
Results: Left ventricular dysfunction was diagnosed in
506 (50%) patients of which 80% were asymptomatic. In
open vascular surgery (n ! 649), both asymptomatic sys-
tolic and isolated diastolic LV dysfunctions were associ-
ated with 30-day cardiovascular events (odds ratios 2.3,
95% confidence interval [CI] 1.4 –3.6 and 1.8, 95% CI
1.1–2.9, respectively) and long-term cardiovascular mor-
tality (hazard ratios 4.6, 95% CI 2.4 – 8.5 and 3.0, 95%
CI 1.5– 6.0, respectively). In endovascular surgery (n !
356), only symptomatic heart failure was associated with
30-day cardiovascular events (odds ratio 1.8, 95% CI 1.1–
2.9) and long-term cardiovascular mortality (hazard ratio
10.3, 95% CI 5.4 –19.3).
Conclusions: This study demonstrated that asymptomatic
LV dysfunction is predictive for 30-day and long-term car-
diovascular outcome in open vascular surgery patients. These
data suggest that preoperative risk stratification should in-
clude not only solely heart failure symptoms but also routine
preoperative echocardiography to risk stratify open vascular
surgery patients.
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WORLDWIDE, about 100 million adults undergo
noncardiac surgery every year,1 and by the year 2020

this number will increase by 25%.2 The risk of adverse peri-
operative cardiovascular (CV) events after vascular surgery is
particularly high as compared with other noncardiac surger-
ies.3 Although ischemic heart disease is acknowledged to be
the most important risk factor for CV after noncardiac sur-
gery, several studies indicate that symptomatic heart failure is
equally important.4–6 In the general population, the preva-
lence of symptomatic heart failure is estimated to be around
2–3% and increases with age, with a prevalence estimated
between 10% and 20% in septo- and octogenarians.7 Al-
though the term heart failure describes a clinical syndrome,
left ventricular (LV) dysfunction describes the impaired me-
chanical properties of the left ventricle. Asymptomatic LV
dysfunction is considered a precursor of symptomatic heart
failure, associated with high mortality.7 The prevalence of
patients with asymptomatic LV dysfunction and symptom-
atic heart failure is assumed to be similar.8

In the most recent American College of Cardiology/
American Heart Association and European Society of Cardi-
ology perioperative guidelines,3,9 the prognostic value of
symptomatic heart failure on postoperative outcome is well
acknowledged. However, the prognostic implications of
asymptomatic LV dysfunction remain unknown. Routine
perioperative evaluation of LV function is not recommended
in the American College of Cardiology/American Heart As-
sociation perioperative guidelines (Class III, Level of Evi-
dence: C).9 In addition, LV assessment with rest echocardi-
ography is not recommended in the European Society of
Cardiology perioperative guidelines (Class III, Level of Evi-
dence: C) for asymptomatic patients.3

We conducted this study to evaluate the impact of asymp-
tomatic, isolated diastolic and asymptomatic systolic LV dys-
function, evaluated with routine preoperative echocardiog-
raphy, on postoperative outcome of patients undergoing
open or endovascular surgery.

Materials and Methods

Study Population
The study population has been previously described and con-
sisted of 1,005 consecutive vascular surgery patients under-

going elective (open or endovascular) lower extremity artery,
carotid artery, or abdominal aorta repair.10 This prospective
cohort study was performed at the Erasmus Medical Center
in Rotterdam, The Netherlands, during the period of 2002–
2008. The study was approved by the ethics committee of the
hospital, and written informed consent was obtained from all
patients.

Baseline Characteristics
Before surgery, a detailed history was obtained from every
patient. Cardiac history was assessed, and ischemic heart dis-
ease was defined as a history of angina pectoris, coronary
revascularization, or myocardial infarction. Additional clin-
ical data included age, gender, blood pressure, heart rate,
cerebrovascular disease (history of ischemic or hemorrhagic
stroke), renal dysfunction (serum creatinine " 2 mg/dL),
diabetes mellitus (fasting blood glucose ! 126 mg/dL or
requirement of antidiabetic medication), hypertension
(blood pressure ! 140/90 mmHg in nondiabetics and
! 130/80 mmHg in diabetics,11 or requirement of antihy-
pertensive medication), hypercholesterolemia (low-density
lipoprotein cholesterol ! 135 mg/dL or requirement of lip-
id-lowering medication), chronic obstructive pulmonary dis-
ease (according to the Global Initiative on Obstructive Lung
Diseases classification), and smoking status. Finally, the use
of "-blockers, statins, aspirin, oral anticoagulants, angiotensin-
converting enzyme inhibitors, angiotensin-receptor blockers,
diuretics, and nitrates was recorded.

Echocardiography
Preoperatively, transthoracic echocardiography was per-
formed in all patients using a portable Acuson Cypress Ul-
trasound System (Acuson; A Siemens Company, Mountain
View, CA) with a 3V2C transducer (3.0/3.5/2.5/2.0 MHz)
for adult cardiac evaluation. Standard parasternal and apical
two- and four-chamber views were obtained during rest with
the patient in the left lateral decubitus position as recom-
mended.12 Left ventricular end-systolic and end-diastolic
volumes were determined, and LV ejection fraction was cal-
culated using the biplane Simpson’s technique,13 with an
inter- and intraobserver variability of 9–12% and 6%, re-
spectively.14 Systolic (S) and diastolic (D) pulmonary vein
flow, deceleration time, and ratio of mitral peak velocity of
early filling (E) to mitral peak velocity of late filling (A) were
determined in apical four-chamber. Echocardiographic data
were for research purposes and were not used for clinical
management.

Definition of LV Dysfunction
Left ventricular ejection fraction less than 50%, both with
and without accompanying diastolic dysfunction, defined
systolic LV dysfunction.7 Diastolic LV dysfunction was con-
firmed in patients with E/A ratio less than 0.8 (impaired
relaxation) or more than 2 (restrictive relaxation).15 Abnor-
mal pulmonary vein flow (S/D # 1) was used to distinguish
normal and pseudonormal diastolic LV function in patients

What We Already Know about This Topic

❖ Symptomatic heart failure is a recognized risk factor for post-
operative morbidity after noncardiac surgery, but asymptom-
atic heart failure has not been examined

What This Article Tells Us That Is New

❖ In more than 1,000 patients undergoing vascular surgery,
nearly 40% of patients have asymptomatic left ventricular fail-
ure and this doubled the risk of 30-day cardiovascular mor-
bidity and quadrupled the risk of long-term mortality

❖ Routine preoperative echocardiography might be considered
for patients undergoing open vascular procedures
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with E/A ratio between 0.8 and 2.16 Deceleration time more
than 220 ms (impaired relaxation) or less than 140 ms (re-
strictive relaxation) was defined as diastolic LV dysfunction
in patients with atrial fibrillation.16 Diastolic LV dysfunc-
tion, in the presence of an LV ejection fraction ! 50%,
defined asymptomatic isolated diastolic dysfunction. The
presence of LV dysfunction in combination with heart fail-
ure symptoms (shortness of breath, fatigue, exercise intoler-
ance, signs of fluid retention) was defined as symptomatic
heart failure.7 Two experienced investigators performed off-
line assessments of the obtained ultrasound images. When
there was disagreement between the two assessors, a third
investigator viewed the images without knowledge of the
previous assessment, and a majority decision was reached.

Study Outcomes
Serial electrocardiograms and troponin-T measurements
were obtained from all patients before surgery, postopera-
tively on days 1, 3, and 7, and before discharge. Study end-
points were 30 days CV, defined as myocardial ischemia,
myocardial infarction, and CV mortality, and long-term CV
mortality. Myocardial ischemia was present in patients with
normal preoperative and increased (" 0.03 ng/ml) tropo-
nin-T levels postoperatively.17 Elevated troponin-T levels in
combination with electrocardiographic changes (new-onset
ST-T changes and pathologic Q waves) defined myocardial
infarction.18 Troponin T level was measured using a whole
blood rapid test (TropT version 2; Roche Diagnostics,
Mannheim, Germany). Patients with elevated troponin-T
levels before surgery were not included in the study. Patients
were subjected to a follow-up visit with one of the study
investigators 30 days postsurgery, and for those patients who
did not attend, we approached the referring physicians. In
patients still admitted or readmitted at the Erasmus MC,
30-day follow-up was completed using the Erasmus MC
medical records.

Long-term mortality was assessed by approaching the
municipal civil registries. Cause of death was ascertained by
examining death certificates, and otherwise by reviewing
medical records. Cause of death was classified as either car-
diovascular or noncardiovascular death. Cardiovascular
death was defined as any death with a cerebrocardiovascular
complication as the primary or secondary cause and includes
death after myocardial infarction, serious cardiac arrhyth-
mias (defined as the presence of a sustained cardiac rhythm
disturbance that required urgent medical intervention), con-
gestive heart failure, stroke (cerebrovascular event or tran-
sient ischemic attack), and surgery-related bleeding compli-
cations (only a postoperative cause of death). Sudden
unexpected death was classified as cardiovascular death.
Cause of death was separately assessed by two authors. In the
absence of consensus, a third investigator assessed the cause
of death and a majority decision was reached. Follow-up was
completed in all patients.

Statistical Analysis
Continuous variables are described as means $ SD and
dichotomous data as numbers and percentages. Continu-
ous data were compared using ANOVA for trend and
categorical data using the linear by linear association. The
prognostic value of LV dysfunction toward 30-day and
long-term follow-up was evaluated with logistic and Cox
regression analysis, respectively. Multivariate analysis was
primarily adjusted for covariates (age and sex, ischemic
heart disease, cerebrovascular disease, renal dysfunction,
diabetes mellitus, hypertension, hypercholesterolemia, chronic
obstructive pulmonary disease, and smoking status) prospec-
tively locked into the model based on the clinical knowledge
and belief that these factors might (1) contribute to the study
outcomes and (2) confound the association between the pri-
mary echo predictors and the study outcomes. Secondary
adjustments were done in a step-wise fashion, and these anal-
yses were adjusted for medication use ("-blockers, statins,
aspirin, oral anticoagulants, angiotensin-converting enzyme
inhibitors, angiotensin-receptor blockers, diuretics, and ni-
trates) on top of the covariates used in the primary regression
model. We report (crude and adjusted) odds and hazard
ratios with their 95% confidence interval (95% CI). For all
tests, a P value less than 0.05 (two sided) was considered
significant. Cumulative long-term survival was determined
by the Kaplan–Meier method. All analyses were performed
using SPSS version 15.0 statistical software (SPSS, Inc., Chi-
cago, IL).

Results

Patient Population
A total of 1,005 patients undergoing open vascular (n ! 649
or 65%) or endovascular (n ! 356 or 35%) surgery were
included in the study. Of the open vascular surgery patients,
148 patients (23%) underwent carotid artery repair, 249
patients (38%) underwent abdominal aorta repair, and 252
patients (39%) underwent lower extremity artery repair. In
comparison, of the endovascular patients, 90 patients (25%)
underwent carotid artery repair, 162 patients (46%) under-
went abdominal aorta repair, and 104 patients (29%) under-
went lower extremity artery repair. All patients undergoing
open vascular surgery had general anesthesia, and 56 (35%)
of the patients undergoing endovascular aortic repair had
general anesthesia. General anesthesia was not provided for
the percutaneous procedures.

The majority of patients were men (77%), and the
mean age was 67 $ 10 yr. Mean follow-up was 2.2 $ 1.8
yr (range 3–79 months). Left ventricular dysfunction was
diagnosed in 506 (50%) patients. Of the patients with LV
dysfunction, 403 (80%) patients had asymptomatic LV
dysfunction and 103 (20%) had symptomatic heart fail-
ure. Of the patients with asymptomatic LV dysfunction,
209 (52%) had asymptomatic isolated diastolic LV dys-
function and 194 (48%) had asymptomatic systolic LV
dysfunction. Of the 103 patients with symptomatic heart
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failure, 72 (70%) patients had New York Heart Associa-
tion Class II, 28 (27%) patients had New York Heart
Association Class III (12 patients had signs of fluid reten-
tion objectified as peripheral edema), and 3 (3%) patients
had New York Heart Association Class IV, with signs of
pulmonary edema objectified with physical examination.

Baseline Characteristics
Clinical parameters are shown in table 1. Patients with LV
dysfunction were older and had higher incidence of ischemic
heart disease, renal dysfunction, hypertension, chronic ob-
structive pulmonary disease and had higher resting heart rate
compared with patients with normal LV function. In addi-
tion, patients with LV dysfunction more often received
"-blockers, oral anticoagulants, angiotensin-converting en-
zyme inhibitors, angiotensin-receptor blockers, diuretics,
and nitrates. Patients with asymptomatic systolic LV dys-
function or symptomatic heart failure were more often men.
A higher number of patients with symptomatic heart failure
underwent open surgery compared with the other groups.

30-day Outcome
During 30-day follow-up, 172 (17%) patients had a nonfatal
myocardial event of which 131 (76%) patients had myocar-
dial ischemia and 41 (24%) patients had myocardial infarc-
tion. In total, 51 (10%) patients with normal LV function
had a 30-day CV event, compared with 38 (18%) patients
with asymptomatic isolated diastolic LV dysfunction, 44
(23%) patients with asymptomatic systolic LV dysfunction
and 50 (49%) patients with symptomatic heart failure (P #
0.001, table 2). Multivariate analyses, in patients undergoing
open surgery, demonstrated that asymptomatic isolated dia-
stolic LV dysfunction, asymptomatic systolic LV dysfunc-
tion, and symptomatic heart failure were all associated with
30-day CV events with odds ratio of 1.8 (95% CI 1.1–2.9),
2.3 (95% CI 1.4–3.6), and 6.8 (95% CI 4.0–11.6), respec-
tively (table 3). Other risk factors associated with 30-day CV
events were age, ischemic heart disease, renal dysfunction,
and chronic obstructive pulmonary disease with odds ratios
of 1.8 (95% CI 1.0–1.1), 1.7 (95% CI 1.1–2.6), 3.9 (95%
CI 2.2–7.1), and 1.8 (95% CI 1.2–2.6), respectively. Mul-

Table 1. Baseline Characteristics According to Left Ventricular (LV) Function

Normal LV
Function
(n ! 499)

Asymptomatic
Isolated Diastolic
LV Dysfunction

(n ! 209)

Asymptomatic
Systolic LV
Dysfunction
(n ! 194)

Symptomatic
Heart Failure

(n ! 103)
P Value

for Trend

Demographics
Age, mean (SD) 65 (11) 70 (10) 70 (8) 70 (10) # 0.001
Male (%) 363 (73) 154 (74) 168 (87) 84 (82) 0.001
Systolic blood pressure, mean (SD) 141 (24) 142 (24) 141 (26) 135 (23) 0.111
Diastolic blood pressure, mean (SD) 79 (12) 80 (12) 79 (12) 77 (12) 0.199
Heart rate, mean (SD) 70 (13) 73 (13) 73 (15) 72 (15) 0.012

Medical history (%)
Ischemic heart disease 165 (33) 83 (40) 102 (53) 80 (78) # 0.001
Cerebrovascular disease 169 (34) 83 (40) 76 (39) 25 (24) 0.603
Renal dysfunction 62 (12) 34 (16) 41 (21) 42 (41) # 0.001
Diabetes mellitus 141 (28) 62 (30) 64 (33) 30 (29) 0.698
Hypertension 294 (59) 153 (73) 135 (70) 76 (74) # 0.001
Hypercholesterolemia 303 (65) 131 (65) 114 (60) 61 (63) 0.729
Chronic obstructive pulmonary disease 100 (20) 49 (23) 50 (26) 32 (31) # 0.001
Smoker, current 225 (45) 85 (41) 69 (36) 41 (40) 0.046

Surgery type (%)
Open 320 (64) 129 (62) 118 (61) 82 (80) 0.102

Lower extremity revascularization 131 (26) 42 (21) 43 (22) 36 (35) 0.926
Abdominal aorta repair 110 (22) 51 (24) 48 (25) 40 (39) 0.100
Carotid artery repair 79 (16) 36 (17) 27 (14) 6 (6) 0.062

Endovascular 179 (36) 80 (38) 76 (39) 21 (20) 0.102
Lower extremity revascularization 61 (12) 22 (10) 16 (8) 5 (5) 0.179
Abdominal aorta repair 71 (14) 40 (19) 37 (19) 14 (14) 0.065
Carotid artery repair 47 (10) 18 (9) 23 (12) 2 (1) 0.633

Medication (%)
"-blockers 368 (74) 161 (77) 162 (84) 87 (84) 0.001
Statins 352 (71) 145 (70) 149 (77) 72 (70) 0.433
Aspirin 303 (61) 110 (53) 114 (60) 61 (59) 0.578
Oral anticoagulants 61 (12) 35 (17) 41 (21) 27 (26) # 0.001
Angiotensin-converting enzyme inhibitors 129 (26) 65 (31) 63 (33) 53 (52) # 0.001
Angiotensin receptor blockers 49 (13) 29 (14) 36 (19) 23 (22) 0.011
Diuretics 95 (19) 54 (26) 56 (29) 49 (48) # 0.001
Nitrates 32 (6) 19 (9) 20 (10) 30 (29) # 0.001
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tivariate analyses, in patients undergoing endovascular sur-
gery, demonstrated that symptomatic heart failure was asso-
ciated with 30-day CV events with an odds ratio of 9.3 (95%
CI 2.3–37.7; table 4). For both types of surgical procedures,
additional adjustment for medication use ("-blockers, stat-
ins, angiotensin-converting enzyme inhibitors, angiotensin-
receptor blockers, and diuretics) did not change the prognos-
tic value of LV dysfunction toward 30-day outcome.

Long-term Outcome
During long-term follow-up, 164 (16%) patients died. The
study endpoint long-term CV mortality was reached in 107
(11%) patients. In total, 15 (3%) patients with normal LV
function died due to CV events, compared with 21 (10%)
patients with asymptomatic isolated diastolic LV dysfunc-
tion, 31 (16%) patients with asymptomatic systolic LV dys-
function, and 40 (39%) patients with symptomatic heart
failure (P # 0.001, table 2). Cumulative survival for all pa-
tients is shown in figure 1 (log rank, P # 0.001). Of the

patients with LV dysfunction who reached the study end-
point long-term CV mortality, 48 patients (52%) demon-
strated myocardial ischemia or infarction during 30-day fol-
low-up. Multivariate analyses, in patients undergoing open
surgery, demonstrated that asymptomatic isolated diastolic
LV dysfunction, asymptomatic systolic LV dysfunction, and
symptomatic heart failure were all associated with long-term
CV mortality with hazard ratios of 3.0 (95% CI 1.5–6.0),
4.6 (95% CI 2.4–8.5), and 10.3 (95% CI 5.4–19.3), respec-
tively (table 3). Other risk factors associated with long-term
CV mortality were age, ischemic heart disease, renal dysfunc-
tion, and smoking with hazard ratios of 1.1 (95% CI 1.1–
1.2), 1.6 (95% CI 1.1–2.8), 2.5 (95% CI 1.3–5.1), and 2.0
(95% CI 1.2–3.1), respectively. Multivariate analyses, in pa-
tients undergoing endovascular surgery, demonstrated that
symptomatic heart failure was associated with long-term CV
mortality with a hazard ratio of 11.4 (95% CI 3.7–35.6;
table 4). For both types of surgical procedures, additional
adjustment for medication use did not change the prognostic
value of LV dysfunction toward long-term outcome.

Table 2. Left Ventricular (LV) Function and Postoperative Outcome

Normal LV
Function

Asymptomatic
Isolated Diastolic
LV Dysfunction

Asymptomatic
Systolic LV
Dysfunction

Symptomatic
Heart Failure P Value

30-day
Cardiovascular events (183) 51/499 (10) 38/209 (18) 44/194 (23) 50/103 (49) # 0.001
Myocardial ischemia/infarction (172) 50/499 (10) 36/209 (17) 41/194 (21) 45/103 (44) # 0.001
Cardiovascular mortality (24) 2/499 (0) 4/209 (2) 7/194 (4) 11/103 (11) # 0.001
All cause mortality (29) 6/499 (1) 5/209 (2) 7/194 (4) 11/103 (11) # 0.001

Long term
Cardiovascular mortality (107) 15/499 (3) 21/209 (10) 31/194 (16) 40/103 (39) # 0.001
All-cause mortality (164) 54/499 (11) 31/209 (15) 38/194 (20) 41/103 (40) # 0.001

All values are given as n (%).

Table 3. Association between Left Ventricular (LV) Function and Postoperative Outcome: Open Vascular Surgery

n (%)

Odds Ratio (95% CI)

Univariate Multivariate

30-day cardiovascular events
Normal LV function 44/320 (14) 1.0 1.0
Asymptomatic isolated diastolic LV dysfunction 30/129 (23) 2.0 (1.2–3.1) 1.8 (1.1–2.9)
Asymptomatic systolic LV dysfunction 36/118 (31) 2.6 (1.7–4.0) 2.3 (1.4–3.6)
Symptomatic heart failure 44/82 (54) 8.3 (5.1–13.4) 6.8 (4.0–11.6)

Long-term cardiovascular mortality Hazard ratio (95% CI)
Normal LV function 8/320 (3) 1.0 1.0
Asymptomatic isolated diastolic LV dysfunction 14/129 (11) 3.5 (1.8–6.8) 3.0 (1.5–6.0)
Asymptomatic systolic LV dysfunction 23/118 (20) 5.2 (2.8–9.7) 4.6 (2.4–8.5)
Symptomatic heart failure 31/82 (38) 13.6 (7.5–24.6) 10.3 (5.4–19.3)

Long-term all-cause mortality
Normal LV function 37/320 (12) 1.0 1.0
Asymptomatic isolated diastolic LV dysfunction 20/129 (16) 1.5 (0.9–2.3) 1.4 (0.9–2.1)
Asymptomatic systolic LV dysfunction 28/118 (24) 1.8 (1.2–2.7) 1.7 (1.1–2.5)
Symptomatic heart failure 32/82 (39) 3.9 (2.6–5.8) 3.1 (2.0–4.8)

Multivariate analysis adjusted for age, gender, ischemic heart disease, cerebrovascular disease, renal dysfunction, diabetes mellitus,
hypertension, hypercholesterolemia, chronic obstructive pulmonary disease, and smoking.
CI ! confidence interval.

Left Ventricular Dysfunction and Vascular Surgery

1320 Anesthesiology, V 112 • No 6 • June 2010 Flu et al.



Discussion

This study demonstrated that open vascular surgery patients
with asymptomatic isolated diastolic or systolic LV dysfunc-
tion were at increased risk for 30-day CV events and long-
term CV mortality. In endovascular surgery patients, only
symptomatic heart failure was associated with an increased
risk for 30-day CV events and long-term CV mortality. In
the American College of Cardiology/American Heart Asso-
ciation and European Society of Cardiology perioperative
guidelines, symptoms of heart failure are acknowledged to be
an important predictor of postoperative outcome. However,
our data suggest that asymptomatic LV dysfunction should
be imbedded in preoperative risk stratification of vascular
surgery patients as well.

Left ventricular dysfunction is caused by neurohormonal
responses activated by cardiac injury or an increased hemo-
dynamic load. These responses are known to induce (1) sym-
pathetic stimulation, (2) salt and water retention, and (3)
vasoconstriction.19,20 Although these responses are initially
adaptive, they become maladaptive over time because of a

process called LV remodeling. This process leads to (1) LV
hypertrophy (concentric remodeling) associated with dia-
stolic LV dysfunction or (2) LV dilatation (eccentric remod-
eling) associated with systolic LV dysfunction.21 During sur-
gery, high catecholamine production is responsible for
vasoconstriction and hemodynamic stress.2 Surgical stress
and perioperative fluid administration increases ventricular
pre- and afterload, making patients with systolic LV dysfunc-
tion susceptible for perioperative myocardial damage.22 Dur-
ing surgery, there is an increased oxygen demand, and pa-
tients with coronary artery stenosis are at an increased risk for
perioperative myocardial damage because of an oxygen sup-
ply–demand mismatch.3,23 Patients with diastolic LV dys-
function have a reduced coronary flow reserve, making them
susceptible to perioperative myocardial damage as well.21 In
addition, concentric remodeling causes a reduction in LV
compliance, making LV filling dependent on blood volume
contributed by ventricular preload. Perioperative LV preload
reductions can result in tachycardia with concomitant reduc-
tion in coronary perfusion, leading to myocardial damage.24

Episodes of perioperative myocardial damage are most often
silent, and therefore patients often remain untreated, which
might contribute to an increased risk of long-term CV mortal-
ity.25,26 We have found that approximately three of four pa-
tients with perioperative damage had LV dysfunction. In line
with previous studies, we have found that endovascular surgery
was associated with a reduced incidence of perioperative myo-
cardial damage, compared with open surgery, possibly ex-
plained by reduced myocardial stress and the need for lower
fluid administration during endovascular procedures.27,28 In
addition, one should keep in mind that carotid surgery is asso-
ciated with lower cardiac risk compared with abdominal aneu-
rysm repair and lower extremity revascularization.

Table 4. Association between Left Ventricular (LV) Function and 30-day and Long-term Outcome: Endovascular
Surgery

n (%)

Odds Ratio (95% CI)

Univariate Multivariate

30-day cardiovascular events
Normal LV function 7/179 (4) 1.0 1.0
Asymptomatic isolated diastolic LV dysfunction 8/80 (10) 2.7 (0.9–7.8) 2.2 (0.7–6.9)
Asymptomatic systolic LV dysfunction 8/76 (11) 2.9 (1.0–8.6) 2.5 (0.8–7.8)
Symptomatic heart failure 6/21 (29) 9.8 (2.9–33.0) 9.3 (2.3–37.7)

Long-term cardiovascular mortality Hazard ratio (95% CI)
Normal LV function 7/179 (4) 1.0 1.0
Asymptomatic isolated diastolic LV dysfunction 7/80 (9) 2.2 (0.8–6.4) 1.7 (0.5–5.3)
Asymptomatic systolic LV dysfunction 8/76 (11) 2.4 (0.8–6.5) 2.2 (0.8–6.6)
Symptomatic heart failure 9/21 (43) 14.5 (5.4–39.1) 11.4 (3.7–35.6)

Long-term all-cause mortality
Normal LV function 17/179 (10) 1.0 1.0
Asymptomatic isolated diastolic LV dysfunction 11/80 (14) 1.5 (0.7–3.2) 1.2 (0.5–2.7)
Asymptomatic systolic LV dysfunction 10/76 (13) 1.3 (0.6–2.9) 1.2 (0.5–2.9)
Symptomatic heart failure 9/21 (43) 6.1 (2.7–13.8) 5.1 (1.9–13.3)

Multivariate analysis adjusted for age, gender, ischemic heart disease, cerebrovascular disease, renal dysfunction, diabetes mellitus,
hypertension, hypercholesterolemia, chronic obstructive pulmonary disease, and smoking.
CI ! confidence interval.

Fig. 1. Left ventricular (LV) function and long-term survival
after vascular surgery.
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Myocardial perfusion scintigraphy and pharmacologic
stress echocardiography are known to stratify patients at risk
for perioperative myocardial damage29–31 accurately. In ad-
dition, the presence of wall motion abnormalities at rest has
predictive value for the development of perioperative cardiac
events as well.31 Until now, studies addressing the impact of
heart failure in surgical patients mainly focused on symptom-
atic patients with a reduced LV ejection fraction.5,23,32,33 A
retrospective study conducted by Xu-Cai et al. evaluated the
impact of symptomatic heart failure with a preserved LV
ejection fraction, demonstrating an increased risk for long-
term mortality. However, no increased risk for perioperative
mortality was observed.34 Recently, Matyal et al.35 studied
313 vascular surgery patients and found diastolic LV dys-
function to be a predictor of adverse CV outcome; however,
systolic LV dysfunction was not. Several differences between
the study conducted by Matyal et al. and this study, which
might explain the different outcomes regarding the effect of
systolic LV dysfunction on CV outcome, are as follows: (1)
subanalysing open versus endovascular surgery, (2) troponin
T measurements obtained routinely or when clinically indi-
cated, (3) definition of the LV function groups, and (4) fol-
low-up duration. To our knowledge, this study is first to
demonstrate that asymptomatic LV dysfunction (diastolic
and systolic) is associated with an increased risk for open
vascular surgery patients.

In the most recent American College of Cardiology/
American Heart Association and European Society of Cardi-
ology perioperative guidelines,3,9 the prognostic value of
symptoms of heart failure on postoperative outcome is well
acknowledged and incorporated in the decision process with
regard to proceeding directly to surgery. In addition, preop-
erative cardiac risk indices incorporate symptomatic heart fail-
ure as an important risk factor.4,6,36 To define surgical patients
at “high risk” for developing adverse CV events, one point
should be assigned to patients with (a medical history of) current
symptoms of heart failure, next to other risk factors such as
ischemic heart disease, cerebrovascular disease, renal dysfunc-
tion, diabetes mellitus, or high-risk surgery. To prevent an un-
derestimation of the “cardiac risk burden” of vascular surgery
patients, our data suggest that asymptomatic LV dysfunction
should be imbedded in these risk indices as well.

Our results indicate that asymptomatic LV dysfunction is
not associated with increased risk for 30-day CV events and
long-term CV mortality in endovascular surgery patients. An
explanation of this finding could lie in the fact that endovas-
cular surgery is associated with reduced myocardial stress
compared with open vascular surgery.27,28 Therefore, the
detection of asymptomatic LV dysfunction with routine pre-
operative echocardiography could add valuable information
in the decision between open and endovascular surgery.

Biochemical markers, such as N-terminal pro-B-type natri-
uretic peptide, are increasingly used in the detection and exclu-
sion of heart failure37 and have been proven to predict poor
outcome after vascular surgery.38 Standard measurements of
this biochemical marker may play an important role in detecting

asymptomatic LV dysfunction in vascular surgery patients, re-
gardless of the presence of heart failure symptoms. However, the
diagnostic value of natriuretic peptides in asymptomatic pa-
tients at risk for diastolic or systolic LV dysfunction is contro-
versial. In a recent study conducted by Luers et al.,39 plasma
levels of natriuretic peptides significantly increased with a de-
creasing ejection fraction and with a severe degree of diastolic
dysfunction. Therefore, the authors suggest that high-risk indi-
viduals may be screened most efficiently by using a score system,
incorporating clinical data and N-terminal pro-B-type natri-
uretic peptide. In vascular surgery patients, future studies are
needed to evaluate the value of B-type natriuretic peptides
versus echocardiography to detect LV dysfunction in patients
with or without heart failure symptoms. In 2003, Grayburn
and Hillis40 proposed to shift the paradigm from preopera-
tive noninvasive risk stratification to therapy. Routine pre-
operative evaluation of LV function could reveal patients
with asymptomatic LV dysfunction eligible for pharmaco-
logic treatment. Before surgery, low-dose "-blockade could
be considered and titrated to obtain a heart rate between 60
and 70 beats/min.41 In addition, initiation of angiotensin
blockers could be considered after surgery.42

Potential limitations of these data merit consideration.
First, the study population consisted of patients referred to a
tertiary referral center and may not fully represent the general
vascular surgery population scheduled. Second, although
two experienced investigators performed an offline assess-
ment of ultrasound images, we cannot rule out interobserver
variability to have had a minor influence on our results.
Third, the evaluation of diastolic LV function with conven-
tional Doppler, ratio of mitral peak velocity of early filling
(E) to mitral peak velocity of late filling (A), and pulmonary
vein filling patterns was limited due to preload dependency
and not including Valsalva maneuver, ratio of mitral peak
velocity of early filling (E) to early diastolic mitral annular
velocity (E%), isovolumetric relaxation time, or tissue Dopp-
ler imaging.

In conclusion, this study demonstrated that asymptom-
atic LV dysfunction is a predictor of CV outcome in open
vascular surgery patients. These data suggest that preopera-
tive risk stratification should not solely include symptomatic
heart failure, already acknowledged in the American College
of Cardiology/American Heart Association and European
Society of Cardiology perioperative guidelines; however,
asymptomatic LV dysfunction should be imbedded as well.
Standard preoperative evaluation of LV function could be
argued based on our results, suggesting a move toward more
routine use of cardiac echo in open vascular surgery patients.
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Diastolic Function

A Barometer for Cardiovascular Risk?

PERIOPERATIVE cardiovascular risk assessment has
undergone significant advances, including development

and validation of multivariable risk indices for prediction of
major cardiac complications,1–3 advances in detecting isch-
emic heart disease, and noninvasive detection of symptom-
atic reductions in left ventricular (LV) ejection fraction.4

However, we have recently recognized that current preoper-
ative assessments may fail to fully appreciate a patient’s vul-
nerability after a major noncardiac surgery, because early and
late cardiac events can occur in the absence of coronary artery
disease or heart failure symptoms.5–7 In this issue of ANES-
THESIOLOGY, Flu et al.8 extend these findings, identifying the
effect that subclinical LV systolic and diastolic dysfunction
(DD) has on postoperative outcomes in patients undergoing
open vascular or endovascular surgery. Because the current
American College of Cardiology/American Heart Associa-
tion perioperative guidelines fall short in discussing the clin-
ical implications of DD, a closer look at this disorder is
warranted.

Diastolic dysfunction and diastolic heart failure are not
synonymous. The former refers to a preclinical state involv-
ing abnormalities in cardiac filling, which result from a com-
bination of slowed LV relaxation and increased stiffness, usu-
ally associated with hypertension, diabetes, or ischemia. In
contrast, diastolic heart failure, also called heart failure with
normal ejection fraction, is the presence of signs and symp-
toms of heart failure with a normal ejection fraction
(!50%), in the absence of significant valvular and pericar-
dial disease, usually with echocardiographic or angiographic
evidence of DD.9 Diastolic heart failure is a true heart failure
syndrome, producing nearly identical signs and symptoms,
as well as alterations in neurohormonal activation and im-
pairments in exercise tolerance and exercise cardiac output,
similar to those with heart failure associated with reduced
ejection fraction.10,11

Diastolic dysfunction is also a real disorder that merits
clinical recognition, prevention, and treatment. Asymptom-
atic DD is common in the general population, even in pa-
tients without heart failure,12 it increases with age and is
particularly prevalent among older women with systemic hy-

pertension and ventricular hypertrophy. The presence of DD
alone predicts worse outcome, with a worsening prognosis as
the degree of DD increases.12 Furthermore, up to 50% of
all heart failure patients have a normal ejection fraction
(!0.50) in the absence of major valve disease.13,14 Com-
pared with classic systolic heart failure, DD is increasing
in incidence and prevalence,13,15,16 triggers at least as
many hospitalizations and healthcare expenditures as pos-
sible,17 causes equivalent exercise intolerance,18 and has a
nearly similar death rate,14 particularly among older pa-
tients who are hospitalized.

Work to date has suggested that diastolic function may be
an additional barometer of cardiovascular risk not only in
patients with established symptomatic heart disease19–23 but
also in patients undergoing major cardiothoracic and vascu-
lar surgery. In patient’s undergoing coronary artery bypass
graft surgery, Doppler-derived markers of DD were found to
be more accurate in predicting cardiac events and mortality
than traditional risk scores, including preoperative LV ejec-
tion fraction.24,25 Preoperative DD, defined by the transmi-
tral peak early filling velocity-to-late diastolic filling velocity
(E/A) ratio or transmitral peak early filling velocity-to-early
diastolic annular velocity (E/e") ratio, before cardiac surgery
has also been shown to be associated with the need for early
inotropic support and increased intensive care unit length of
stay.26,27 Similarly, reductions in transmitral flow propaga-
tion velocity predicts postoperative heart failure and pro-
longed hospital stay after major vascular surgery.28

In their eloquent study reported in this journal, Flu et al.8

included an important and a timely information to the prog-
nostic value of preclinical LV dysfunction in patients under-
going vascular surgery. They examined the independent con-
tribution of (1) asymptomatic isolated DD as defined by
conventional Doppler parameters,29 or (2) asymptomatic
systolic dysfunction (defined by LV ejection fraction less
than 50% with or without accompanying DD) for predict-
ing 30-day cardiovascular events and longer term mortality
in 1,005 consecutive patients, undergoing open vascular or
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endovascular surgery. All patients were followed up for a
mean of 26 months. Interestingly, of the patients with overall
LV dysfunction (n ! 506/1005), 80% (n ! 405) were with-
out heart failure symptoms. The majority of these patients
(n ! 205) had isolated DD that corresponds to the wide-
spread occurrence of preclinical diastolic function abnormal-
ities noted in the general population.12 Although preclinical
systolic dysfunction portended a greater in-hospital risk for
cardiovascular events than isolated DD (odds ratio 2.3, 95%
confidence interval 1.4–3.6), the risk associated with DD
was not trivial—the probability of cardiac events was nearly
twice that of the patient with normal LV function (odds ratio
1.8, 95% confidence interval 1.1–2.9). Furthermore, pa-
tients with preoperative DD had three times the risk of car-
diac death than those found not to have LV dysfunction
(hazard ratio 3.0, 95% confidence interval 1.5–6.0), and
those with asymptomatic systolic dysfunction had nearly five
times the risk of death when compared with patients with
normal LV function. In summary, the authors found that
asymptomatic LV dysfunction, whether due primarily to di-
astolic or to systolic dysfunction, independently predicted
unfavorable outcomes in their patients who underwent open
vascular procedures.

These important results regarding the predictive value of
DD are not surprising. Normal diastolic function enables the
left ventricle to quickly adapt to the varying loading condi-
tions typical of the perioperative state. Furthermore, one of
the earliest manifestations of ischemia is abnormal diastolic
function.30 This is because diastolic function depends not
only on passive properties but is also an active, adenosine
triphosphate-requiring process, thus providing a quick and
reliable “barometer” of myocardial health.

This study also has some limitations. First, there was no
differentiation between the stages of DD. Does early dia-
stolic impairment (E/A " 0.8) portend the same risk as more
advanced stages (E/A # 2)? Certainly, the restrictive filling
pattern of the LV has been shown to independently predict
mortality after a myocardial infarction,31 in patients with
hypertrophic cardiomyopathy,32 and in patients with se-
verely reduced LV ejection fraction.33 Second, because con-
ventional diastolic parameters are highly influenced by
changes in volume status, blood pressure, and heart rate, and
the Doppler examinations were performed in the immediate
preoperative period, following overnight fasting and presum-
ably bowel preparation, there may have been an underesti-
mation of the prevalence of advanced DD with seemingly
even higher perioperative risk. The authors recognize this
limitation and suggest that load-independent measures, such
as early diastolic flow propagation velocity, or mitral annular
velocity,29 in conjunction with the E/A ratio could better
characterize DD.

So what are the clinical implications of this study? With
the changing demographics of our patients, we will need
more robust biomarkers and noninvasive imaging techniques
to aid in identification of patients who are at higher risk than
suspected on clinical grounds alone. This study indicates that

detection of preclinical LV dysfunction will improve risk
estimates and should enable intensified management of peri-
operative therapy aimed toward mitigating cardiovascular
events. These strategies might include optimization of pre-
operative cardiac medications, enhanced monitoring, spe-
cialized fluid management strategies, or more intensive post-
operative surveillance, although the relative merit of these
interventions is currently unknown. In a prior publication
from this same data set, Flu et al.34 showed that patients are
often not managed preoperatively with standard medica-
tions. Nonetheless, in ambulatory, nonperioperative patients
with overt, symptomatic diastolic heart failure, clinical trials
of angiotensin-converting enzyme inhibitors (Perindopril for
Elderly People with Chronic Heart Failure), angiotensin re-
ceptor antagonism (I-PRESERVE), digoxin, and !-adrener-
gic antagonism (SENIORS) with Nebivolol (Menarini
Ricerche S.p.A., Bologna, Italy) have not convincingly dem-
onstrated reductions in morbidity and mortality.35 Accord-
ingly, current American College of Cardiology/American Heart
Association management guidelines have assigned all therapies
aside from the treatment of hypertension to a “C” level of evi-
dence.36 Given the paucity of data, management of these pa-
tients with overt DD in the perioperative period is presently
based on individualized, empiric principles, such as careful fluid
management and control of hypertension and tachycardia.

Importantly, the data from Flu et al.8 indicate that iden-
tification of subclinical LV dysfunction by the resting Dopp-
ler echocardiogram could be used to frame specific therapeu-
tic patient care decisions, for example, open versus minimally
invasive surgical approach. In this study, adverse outcomes
among the patients receiving endovascular repair (n ! 356)
were only associated with those patients with preoperative
symptomatic LV dysfunction; odds ratio for 30-day cardio-
vascular events was 1.8 (95% confidence interval 1.1–2.9),
and the odds ratio for long-term cardiovascular mortality was
10.3 (95% confidence interval 5.4–19.3).

Thus, the study by Flu et al.8 has made an important
contribution to the literature on the perioperative cardiovas-
cular risks associated with asymptomatic LV dysfunction.
Taken together with the prior studies of Hammill et al.5 and
Hernandez et al.,6 it is our opinion that there has evolved
strong enough support for the following modification of the
2009 American College of Cardiology/American Heart As-
sociation Preoperative Cardiac Risk Assessment Guidelines:
Resting echocardiography for assessment of LV systolic and
diastolic function in asymptomatic patients undergoing
high-risk noncardiac surgery is recommended.

Leanne Groban, M.D., Dalane W. Kitzman, M.D., De-
partments of Anesthesiology and Internal Medicine, Section
on Cardiology, Sticht Center of Aging, Wake Forest Univer-
sity School of Medicine, Winston-Salem, North Carolina.
lgroban@wfubmc.edu
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