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ABSTRACT
Background: The prognostic value of heart failure symptoms on postoperative outcome is well acknowledged in perioperative 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
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50%. Ratio of mitral-peak velocity during early and late filling, pulmonary vein flow, and deceleration time was used to
diagnose diastolic LV dysfunction. Troponin-T measurements 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 systolic and isolated diastolic LV dysfunctions were associated 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 mortality (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 cardiovascular outcome in open vascular surgery patients. These
data suggest that preoperative risk stratification should include not only solely heart failure symptoms but also routine
preoperative echocardiography to risk stratify open vascular
surgery patients.
䉫 This article is featured in “This Month in Anesthesiology.“
Please see this issue of ANESTHESIOLOGY, page 9A.
䉬 This article is accompanied by an Editorial View. Please see:
Groban L, Kitzman DW: Diastolic function: A barometer for
cardiovascular risk? ANESTHESIOLOGY 2010; 112:1303– 6.
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What We Already Know about This Topic
❖ Symptomatic heart failure is a recognized risk factor for postoperative morbidity after noncardiac surgery, but asymptomatic 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 failure and this doubled the risk of 30-day cardiovascular morbidity and quadrupled the risk of long-term mortality
❖ Routine preoperative echocardiography might be considered
for patients undergoing open vascular procedures

W

ORLDWIDE, 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 perioperative cardiovascular (CV) events after vascular surgery is
particularly high as compared with other noncardiac surgeries.3 Although ischemic heart disease is acknowledged to be
the most important risk factor for CV after noncardiac surgery, several studies indicate that symptomatic heart failure is
equally important.4 – 6 In the general population, the prevalence 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 Although the term heart failure describes a clinical syndrome,
left ventricular (LV) dysfunction describes the impaired mechanical 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 symptomatic heart failure is assumed to be similar.8
In the most recent American College of Cardiology/
American Heart Association and European Society of Cardiology 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 Association perioperative guidelines (Class III, Level of Evidence: C).9 In addition, LV assessment with rest echocardiography is not recommended in the European Society of
Cardiology perioperative guidelines (Class III, Level of Evidence: C) for asymptomatic patients.3
We conducted this study to evaluate the impact of asymptomatic, isolated diastolic and asymptomatic systolic LV dysfunction, evaluated with routine preoperative echocardiography, on postoperative outcome of patients undergoing
open or endovascular surgery.

Materials and Methods
Study Population
The study population has been previously described and consisted of 1,005 consecutive vascular surgery patients underFlu et al.
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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 disease was defined as a history of angina pectoris, coronary
revascularization, or myocardial infarction. Additional clinical 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 ⱖ 126 mg/dL or
requirement of antidiabetic medication), hypertension
(blood pressure ⱖ 140/90 mmHg in nondiabetics and
ⱖ 130/80 mmHg in diabetics,11 or requirement of antihypertensive medication), hypercholesterolemia (low-density
lipoprotein cholesterol ⱖ 135 mg/dL or requirement of lipid-lowering medication), chronic obstructive pulmonary disease (according to the Global Initiative on Obstructive Lung
Diseases classification), and smoking status. Finally, the use
of ␤-blockers, statins, aspirin, oral anticoagulants, angiotensinconverting enzyme inhibitors, angiotensin-receptor blockers,
diuretics, and nitrates was recorded.
Echocardiography
Preoperatively, transthoracic echocardiography was performed in all patients using a portable Acuson Cypress Ultrasound 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 recommended.12 Left ventricular end-systolic and end-diastolic
volumes were determined, and LV ejection fraction was calculated using the biplane Simpson’s technique,13 with an
inter- and intraobserver variability of 9 –12% and 6%, respectively.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 confirmed in patients with E/A ratio less than 0.8 (impaired
relaxation) or more than 2 (restrictive relaxation).15 Abnormal pulmonary vein flow (S/D ⬍ 1) was used to distinguish
normal and pseudonormal diastolic LV function in patients
Anesthesiology, V 112 • No 6 • June 2010
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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 (restrictive relaxation) was defined as diastolic LV dysfunction
in patients with atrial fibrillation.16 Diastolic LV dysfunction, in the presence of an LV ejection fraction ⱖ 50%,
defined asymptomatic isolated diastolic dysfunction. The
presence of LV dysfunction in combination with heart failure symptoms (shortness of breath, fatigue, exercise intolerance, signs of fluid retention) was defined as symptomatic
heart failure.7 Two experienced investigators performed offline 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, postoperatively on days 1, 3, and 7, and before discharge. Study endpoints 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) troponin-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 cardiovascular 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 arrhythmias (defined as the presence of a sustained cardiac rhythm
disturbance that required urgent medical intervention), congestive heart failure, stroke (cerebrovascular event or transient ischemic attack), and surgery-related bleeding complications (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.
1318

Anesthesiology, V 112 • No 6 • June 2010

Downloaded from anesthesiology.pubs.asahq.org by guest on 11/14/2019

Statistical Analysis
Continuous variables are described as means ⫾ SD and
dichotomous data as numbers and percentages. Continuous 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) prospectively 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 primary echo predictors and the study outcomes. Secondary
adjustments were done in a step-wise fashion, and these analyses were adjusted for medication use (␤-blockers, statins,
aspirin, oral anticoagulants, angiotensin-converting enzyme
inhibitors, angiotensin-receptor blockers, diuretics, and nitrates) 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., Chicago, 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%) underwent abdominal aorta repair, and 104 patients (29%) underwent 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 failure. Of the patients with asymptomatic LV dysfunction,
209 (52%) had asymptomatic isolated diastolic LV dysfunction and 194 (48%) had asymptomatic systolic LV
dysfunction. Of the 103 patients with symptomatic heart
Flu et al.
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Table 1. Baseline Characteristics According to Left Ventricular (LV) Function
Asymptomatic
Asymptomatic
Systolic LV
Symptomatic
Normal LV Isolated Diastolic
Dysfunction
Heart Failure P Value
LV Dysfunction
Function
(n ⫽ 194)
(n ⫽ 103)
for Trend
(n ⫽ 209)
(n ⫽ 499)
Demographics
Age, mean (SD)
Male (%)
Systolic blood pressure, mean (SD)
Diastolic blood pressure, mean (SD)
Heart rate, mean (SD)
Medical history (%)
Ischemic heart disease
Cerebrovascular disease
Renal dysfunction
Diabetes mellitus
Hypertension
Hypercholesterolemia
Chronic obstructive pulmonary disease
Smoker, current
Surgery type (%)
Open
Lower extremity revascularization
Abdominal aorta repair
Carotid artery repair
Endovascular
Lower extremity revascularization
Abdominal aorta repair
Carotid artery repair
Medication (%)
␤-blockers
Statins
Aspirin
Oral anticoagulants
Angiotensin-converting enzyme inhibitors
Angiotensin receptor blockers
Diuretics
Nitrates

65 (11)
363 (73)
141 (24)
79 (12)
70 (13)

70 (10)
154 (74)
142 (24)
80 (12)
73 (13)

70 (8)
168 (87)
141 (26)
79 (12)
73 (15)

70 (10)
84 (82)
135 (23)
77 (12)
72 (15)

⬍ 0.001
0.001
0.111
0.199
0.012

165 (33)
169 (34)
62 (12)
141 (28)
294 (59)
303 (65)
100 (20)
225 (45)

83 (40)
83 (40)
34 (16)
62 (30)
153 (73)
131 (65)
49 (23)
85 (41)

102 (53)
76 (39)
41 (21)
64 (33)
135 (70)
114 (60)
50 (26)
69 (36)

80 (78)
25 (24)
42 (41)
30 (29)
76 (74)
61 (63)
32 (31)
41 (40)

⬍ 0.001
0.603
⬍ 0.001
0.698
⬍ 0.001
0.729
⬍ 0.001
0.046

320 (64)
131 (26)
110 (22)
79 (16)
179 (36)
61 (12)
71 (14)
47 (10)

129 (62)
42 (21)
51 (24)
36 (17)
80 (38)
22 (10)
40 (19)
18 (9)

118 (61)
43 (22)
48 (25)
27 (14)
76 (39)
16 (8)
37 (19)
23 (12)

82 (80)
36 (35)
40 (39)
6 (6)
21 (20)
5 (5)
14 (14)
2 (1)

0.102
0.926
0.100
0.062
0.102
0.179
0.065
0.633

368 (74)
352 (71)
303 (61)
61 (12)
129 (26)
49 (13)
95 (19)
32 (6)

161 (77)
145 (70)
110 (53)
35 (17)
65 (31)
29 (14)
54 (26)
19 (9)

162 (84)
149 (77)
114 (60)
41 (21)
63 (33)
36 (19)
56 (29)
20 (10)

87 (84)
72 (70)
61 (59)
27 (26)
53 (52)
23 (22)
49 (48)
30 (29)

0.001
0.433
0.578
⬍ 0.001
⬍ 0.001
0.011
⬍ 0.001
⬍ 0.001

failure, 72 (70%) patients had New York Heart Association Class II, 28 (27%) patients had New York Heart
Association Class III (12 patients had signs of fluid retention 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 obstructive pulmonary disease and had higher resting heart rate
compared with patients with normal LV function. In addition, patients with LV dysfunction more often received
␤-blockers, oral anticoagulants, angiotensin-converting enzyme inhibitors, angiotensin-receptor blockers, diuretics,
and nitrates. Patients with asymptomatic systolic LV dysfunction 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.
Flu et al.
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30-day Outcome
During 30-day follow-up, 172 (17%) patients had a nonfatal
myocardial event of which 131 (76%) patients had myocardial ischemia and 41 (24%) patients had myocardial infarction. 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 diastolic LV dysfunction, asymptomatic systolic LV dysfunction, 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), respectively (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. MulAnesthesiology, V 112 • No 6 • June 2010
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Table 2. Left Ventricular (LV) Function and Postoperative Outcome

30-day
Cardiovascular events (183)
Myocardial ischemia/infarction (172)
Cardiovascular mortality (24)
All cause mortality (29)
Long term
Cardiovascular mortality (107)
All-cause mortality (164)

Normal LV
Function

Asymptomatic
Isolated Diastolic
LV Dysfunction

Asymptomatic
Systolic LV
Dysfunction

Symptomatic
Heart Failure

P Value

51/499 (10)
50/499 (10)
2/499 (0)
6/499 (1)

38/209 (18)
36/209 (17)
4/209 (2)
5/209 (2)

44/194 (23)
41/194 (21)
7/194 (4)
7/194 (4)

50/103 (49)
45/103 (44)
11/103 (11)
11/103 (11)

⬍ 0.001
⬍ 0.001
⬍ 0.001
⬍ 0.001

15/499 (3)
54/499 (11)

21/209 (10)
31/209 (15)

31/194 (16)
38/194 (20)

40/103 (39)
41/103 (40)

⬍ 0.001
⬍ 0.001

All values are given as n (%).

tivariate analyses, in patients undergoing endovascular surgery, demonstrated that symptomatic heart failure was associated 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, statins, angiotensin-converting enzyme inhibitors, angiotensinreceptor blockers, and diuretics) did not change the prognostic 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 dysfunction, 31 (16%) patients with asymptomatic systolic LV dysfunction, and 40 (39%) patients with symptomatic heart
failure (P ⬍ 0.001, table 2). Cumulative survival for all patients is shown in figure 1 (log rank, P ⬍ 0.001). Of the

patients with LV dysfunction who reached the study endpoint long-term CV mortality, 48 patients (52%) demonstrated myocardial ischemia or infarction during 30-day follow-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), respectively (table 3). Other risk factors associated with long-term
CV mortality were age, ischemic heart disease, renal dysfunction, 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 patients 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 3. Association between Left Ventricular (LV) Function and Postoperative Outcome: Open Vascular Surgery
Odds Ratio (95% CI)
n (%)
30-day cardiovascular events
Normal LV function
Asymptomatic isolated diastolic LV dysfunction
Asymptomatic systolic LV dysfunction
Symptomatic heart failure
Long-term cardiovascular mortality
Normal LV function
Asymptomatic isolated diastolic LV dysfunction
Asymptomatic systolic LV dysfunction
Symptomatic heart failure
Long-term all-cause mortality
Normal LV function
Asymptomatic isolated diastolic LV dysfunction
Asymptomatic systolic LV dysfunction
Symptomatic heart failure

44/320 (14)
30/129 (23)
36/118 (31)
44/82 (54)
8/320 (3)
14/129 (11)
23/118 (20)
31/82 (38)
37/320 (12)
20/129 (16)
28/118 (24)
32/82 (39)

Univariate

Multivariate

1.0
1.0
2.0 (1.2–3.1)
1.8 (1.1–2.9)
2.6 (1.7–4.0)
2.3 (1.4–3.6)
8.3 (5.1–13.4)
6.8 (4.0–11.6)
Hazard ratio (95% CI)
1.0
1.0
3.5 (1.8–6.8)
3.0 (1.5–6.0)
5.2 (2.8–9.7)
4.6 (2.4–8.5)
13.6 (7.5–24.6)
10.3 (5.4–19.3)
1.0
1.5 (0.9–2.3)
1.8 (1.2–2.7)
3.9 (2.6–5.8)

1.0
1.4 (0.9–2.1)
1.7 (1.1–2.5)
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.
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Table 4. Association between Left Ventricular (LV) Function and 30-day and Long-term Outcome: Endovascular
Surgery
Odds Ratio (95% CI)
n (%)
30-day cardiovascular events
Normal LV function
Asymptomatic isolated diastolic LV dysfunction
Asymptomatic systolic LV dysfunction
Symptomatic heart failure
Long-term cardiovascular mortality
Normal LV function
Asymptomatic isolated diastolic LV dysfunction
Asymptomatic systolic LV dysfunction
Symptomatic heart failure
Long-term all-cause mortality
Normal LV function
Asymptomatic isolated diastolic LV dysfunction
Asymptomatic systolic LV dysfunction
Symptomatic heart failure

7/179 (4)
8/80 (10)
8/76 (11)
6/21 (29)
7/179 (4)
7/80 (9)
8/76 (11)
9/21 (43)
17/179 (10)
11/80 (14)
10/76 (13)
9/21 (43)

Univariate

Multivariate

1.0
1.0
2.7 (0.9–7.8)
2.2 (0.7–6.9)
2.9 (1.0–8.6)
2.5 (0.8–7.8)
9.8 (2.9–33.0)
9.3 (2.3–37.7)
Hazard ratio (95% CI)
1.0
1.0
2.2 (0.8–6.4)
1.7 (0.5–5.3)
2.4 (0.8–6.5)
2.2 (0.8–6.6)
14.5 (5.4–39.1)
11.4 (3.7–35.6)
1.0
1.5 (0.7–3.2)
1.3 (0.6–2.9)
6.1 (2.7–13.8)

1.0
1.2 (0.5–2.7)
1.2 (0.5–2.9)
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.

Discussion
This study demonstrated that open vascular surgery patients
with asymptomatic isolated diastolic or systolic LV dysfunction were at increased risk for 30-day CV events and longterm 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 Association 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 hemodynamic load. These responses are known to induce (1) sympathetic 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

Fig. 1. Left ventricular (LV) function and long-term survival
after vascular surgery.
Flu et al.
Downloaded from anesthesiology.pubs.asahq.org by guest on 11/14/2019

process called LV remodeling. This process leads to (1) LV
hypertrophy (concentric remodeling) associated with diastolic LV dysfunction or (2) LV dilatation (eccentric remodeling) associated with systolic LV dysfunction.21 During surgery, 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 dysfunction susceptible for perioperative myocardial damage.22 During surgery, there is an increased oxygen demand, and patients with coronary artery stenosis are at an increased risk for
perioperative myocardial damage because of an oxygen supply– demand mismatch.3,23 Patients with diastolic LV dysfunction 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 reduction 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 mortality.25,26 We have found that approximately three of four patients 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 myocardial damage, compared with open surgery, possibly explained 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 associated with lower cardiac risk compared with abdominal aneurysm repair and lower extremity revascularization.
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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 addition, 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 symptomatic 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 longterm 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 dysfunction 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 indicated, (3) definition of the LV function groups, and (4) follow-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 Cardiology 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, preoperative cardiac risk indices incorporate symptomatic heart failure 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 dysfunction, diabetes mellitus, or high-risk surgery. To prevent an underestimation 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 endovascular surgery is associated with reduced myocardial stress
compared with open vascular surgery.27,28 Therefore, the
detection of asymptomatic LV dysfunction with routine preoperative echocardiography could add valuable information
in the decision between open and endovascular surgery.
Biochemical markers, such as N-terminal pro-B-type natriuretic peptide, are increasingly used in the detection and exclusion 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
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asymptomatic LV dysfunction in vascular surgery patients, regardless of the presence of heart failure symptoms. However, the
diagnostic value of natriuretic peptides in asymptomatic patients at risk for diastolic or systolic LV dysfunction is controversial. In a recent study conducted by Luers et al.,39 plasma
levels of natriuretic peptides significantly increased with a decreasing ejection fraction and with a severe degree of diastolic
dysfunction. Therefore, the authors suggest that high-risk individuals may be screened most efficiently by using a score system,
incorporating clinical data and N-terminal pro-B-type natriuretic 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 preoperative noninvasive risk stratification to therapy. Routine preoperative evaluation of LV function could reveal patients
with asymptomatic LV dysfunction eligible for pharmacologic 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 assessment 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 conventional 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 Doppler imaging.
In conclusion, this study demonstrated that asymptomatic LV dysfunction is a predictor of CV outcome in open
vascular surgery patients. These data suggest that preoperative 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.

References
1. Mangano DT: Peri-operative cardiovascular morbidity:
New developments. Ballieres Clin Anaesthesiol 1999; 13:
335– 48
2. Mangano DT: Perioperative medicine: NHLBI working
group deliberations and recommendations. J Cardiothorac
Vasc Anesth 2004; 18:1– 6
Flu et al.

PERIOPERATIVE MEDICINE

3. Poldermans D, Bax JJ, Boersma E, De Hert S, Eeckhout E,
Fowkes G, Gorenek B, Hennerici MG, Iung B, Kelm M,
Kjeldsen KP, Kristensen SD, Lopez-Sendon J, Pelosi P,
Philippe F, Pierard L, Ponikowski P, Schmid JP, Sellevold
OF, Sicari R, Van den Berghe G, Vermassen F, Hoeks SE,
Vanhorebeek I, Vahanian A, Auricchio A, Bax JJ, Ceconi C,
Dean V, Filippatos G, Funck-Brentano C, Hobbs R, Kearney
P, McDonagh T, McGregor K, Popescu BA, Reiner Z,
Sechtem U, Sirnes PA, Tendera M, Vardas P, Widimsky P,
De Caterina R, Agewall S, Al Attar N, Andreotti F, Anker
SD, Baron-Esquivias G, Berkenboom G, Chapoutot L,
Cifkova R, Faggiano P, Gibbs S, Hansen HS, Iserin L, Israel
CW, Kornowski R, Eizagaechevarria NM, Pepi M, Piepoli
M, Priebe HJ, Scherer M, Stepinska J, Taggart D, Tubaro M:
Guidelines for pre-operative cardiac risk assessment and
perioperative cardiac management in non-cardiac surgery:
The Task Force for Preoperative Cardiac Risk Assessment
and Perioperative Cardiac Management in Non-cardiac Surgery of the European Society of Cardiology (ESC) and
endorsed by the European Society of Anaesthesiology
(ESA). Eur Heart J 2009; 30:2769 – 812
4. Goldman L, Caldera DL, Nussbaum SR, Southwick FS,
Krogstad D, Murray B, Burke DS, O’Malley TA, Goroll AH,
Caplan CH, Nolan J, Carabello B, Slater EE: Multifactorial
index of cardiac risk in noncardiac surgical procedures.
N Engl J Med 1977; 297:845–50
5. Hammill BG, Curtis LH, Bennett-Guerrero E, O’Connor
CM, Jollis JG, Schulman KA, Hernandez AF: Impact of heart
failure on patients undergoing major noncardiac surgery.
ANESTHESIOLOGY 2008; 108:559 – 67
6. Lee TH, Marcantonio ER, Mangione CM, Thomas EJ, Polanczyk CA, Cook EF, Sugarbaker DJ, Donaldson MC, Poss
R, Ho KK, Ludwig LE, Pedan A, Goldman L: Derivation and
prospective validation of a simple index for prediction of
cardiac risk of major noncardiac surgery. Circulation 1999;
100:1043–9
7. Dickstein K, Cohen-Solal A, Filippatos G, McMurray JJ,
Ponikowski P, Poole-Wilson PA, Stromberg A, van
Veldhuisen DJ, Atar D, Hoes AW, Keren A, Mebazaa A,
Nieminen M, Priori SG, Swedberg K, Vahanian A, Camm J,
De Caterina R, Dean V, Dickstein K, Filippatos G, FunckBrentano C, Hellemans I, Kristensen SD, McGregor K,
Sechtem U, Silber S, Tendera M, Widimsky P, Zamorano JL:
ESC Guidelines for the diagnosis and treatment of acute
and chronic heart failure 2008: The Task Force for the
Diagnosis and Treatment of Acute and Chronic Heart Failure 2008 of the European Society of Cardiology. Developed in collaboration with the Heart Failure Association of
the ESC (HFA) and endorsed by the European Society of
Intensive Care Medicine (ESICM). Eur Heart J 2008; 29:
2388 – 442
8. Levy D, Kenchaiah S, Larson MG, Benjamin EJ, Kupka MJ,
Ho KK, Murabito JM, Vasan RS: Long-term trends in the
incidence of and survival with heart failure. N Engl J Med
2002; 347:1397– 402
9. Fleisher LA, Beckman JA, Brown KA, Calkins H, Chaikof
EL, Fleischmann KE, Freeman WK, Froehlich JB, Kasper
EK, Kersten JR, Riegel B, Robb JF, Smith SC Jr, Jacobs AK,
Adams CD, Anderson JL, Antman EM, Buller CE, Creager
MA, Ettinger SM, Faxon DP, Fuster V, Halperin JL, Hiratzka
LF, Hunt SA, Lytle BW, Nishimura R, Ornato JP, Page RL,
Riegel B, Tarkington LG, Yancy CW: ACC/AHA 2007
Guidelines on Perioperative Cardiovascular Evaluation and
Care for Noncardiac Surgery: Executive Summary: A Report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines (Writing Committee to Revise the 2002 Guidelines on Perioperative Cardiovascular Evaluation for Noncardiac Surgery)
Developed in Collaboration With the American Society of
Echocardiography, American Society of Nuclear Cardiology, Heart Rhythm Society, Society of Cardiovascular Anesthesiologists, Society for Cardiovascular Angiography
and Interventions, Society for Vascular Medicine and BiolFlu et al.
Downloaded from anesthesiology.pubs.asahq.org by guest on 11/14/2019

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

ogy, and Society for Vascular Surgery. J Am Coll Cardiol
2007; 50:1707–32
Flu WJ, van Kuijk JP, Galal W, Kuiper R, van de Ven LL,
Verhagen HJ, Bax JJ, Poldermans D: Prevalence and pharmacological treatment of left-ventricular dysfunction in
patients undergoing vascular surgery. Eur J Heart Fail
2010; 12:288 –93
Chobanian AV, Bakris GL, Black HR, Cushman WC, Green
LA, Izzo JL Jr, Jones DW, Materson BJ, Oparil S, Wright JT
Jr, Roccella EJ: Seventh report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure. Hypertension 2003; 42:
1206 –52
Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster
E, Pellikka PA, Picard MH, Roman MJ, Seward J, Shanewise
J, Solomon S, Spencer KT, St John Sutton M, Stewart W:
Recommendations for chamber quantification. Eur J Echocardiogr 2006; 7:79 –108
Stamm RB, Carabello BA, Mayers DL, Martin RP: Twodimensional echocardiographic measurement of left-ventricular ejection fraction: Prospective analysis of what constitutes an adequate determination. Am Heart J 1982; 104:
136 – 44
McGowan JH, Cleland JG: Reliability of reporting left ventricular systolic function by echocardiography: A systematic review of 3 methods. Am Heart J 2003; 146:388 –97
Nagueh SF, Appleton CP, Gillebert TC, Marino PN, Oh JK,
Smiseth OA, Waggoner AD, Flachskampf FA, Pellikka PA,
Evangelisa A: Recommendations for the evaluation of left
ventricular diastolic function by echocardiography. Eur J
Echocardiogr 2009; 10:165–93
Persson H, Lonn E, Edner M, Baruch L, Lang CC, Morton JJ,
Ostergren J, McKelvie RS: Diastolic dysfunction in heart
failure with preserved systolic function: Need for objective evidence: Results from the CHARM Echocardiographic
Substudy-CHARMES. J Am Coll Cardiol 2007; 49:687–94
Aviles RJ, Askari AT, Lindahl B, Wallentin L, Jia G, Ohman
EM, Mahaffey KW, Newby LK, Califf RM, Simoons ML,
Topol EJ, Berger P, Lauer MS: Troponin T levels in patients
with acute coronary syndromes, with or without renal
dysfunction. N Engl J Med 2002; 346:2047–52
Thygesen K, Alpert JS, White HD: Universal definition of
myocardial infarction. Eur Heart J 2007; 28:2525–38
Cohn JN, Levine TB, Francis GS, Goldsmith S: Neurohumoral control mechanisms in congestive heart failure. Am
Heart J 1981; 102:509 –14
Levine TB, Francis GS, Goldsmith SR, Simon AB, Cohn JN:
Activity of the sympathetic nervous system and reninangiotensin system assessed by plasma hormone levels and
their relation to hemodynamic abnormalities in congestive
heart failure. Am J Cardiol 1982; 49:1659 – 66
Cohn JN, Ferrari R, Sharpe N: Cardiac remodeling—Concepts and clinical implications: A consensus paper from an
international forum on cardiac remodeling. Behalf of an
International Forum on Cardiac Remodeling. J Am Coll
Cardiol 2000; 35:569 – 82
Schrier RW, Ecder T: Gibbs memorial lecture. Unifying
hypothesis of body fluid volume regulation: Implications
for cardiac failure and cirrhosis. Mt Sinai J Med 2001;
68:350 – 61
Hernandez AF, Whellan DJ, Stroud S, Sun JL, O’Connor
CM, Jollis JG: Outcomes in heart failure patients after
major noncardiac surgery. J Am Coll Cardiol 2004; 44:
1446 –53
Frank SM, Beattie C, Christopherson R, Rock P, Parker S,
Gottlieb SO: Perioperative rate-related silent myocardial
ischemia and postoperative death. J Clin Anesth 1990;
2:326 –31
Wallace A, Layug B, Tateo I, Li J, Hollenberg M, Browner
W, Miller D, Mangano DT: Prophylactic atenolol reduces
Anesthesiology, V 112 • No 6 • June 2010

1323

Left Ventricular Dysfunction and Vascular Surgery

26.

27.

28.

29.

30.

31.

32.

33.

34.

1324

postoperative myocardial ischemia. McSPI Research
Group. ANESTHESIOLOGY 1998; 88:7–17
Ouyang P, Gerstenblith G, Furman WR, Golueke PJ, Gottlieb SO: Frequency and significance of early postoperative
silent myocardial ischemia in patients having peripheral
vascular surgery. Am J Cardiol 1989; 64:1113– 6
Schouten O, Dunkelgrun M, Feringa HH, Kok NF, Vidakovic R, Bax JJ, Poldermans D: Myocardial damage in highrisk patients undergoing elective endovascular or open
infrarenal abdominal aortic aneurysm repair. Eur J Vasc
Endovasc Surg 2007; 33:544 –9
Elkouri S, Gloviczki P, McKusick MA, Panneton JM, Andrews J, Bower TC, Noel AA, Harmsen WS, Hoskin TL,
Cherry K: Perioperative complications and early outcome
after endovascular and open surgical repair of abdominal
aortic aneurysms. J Vasc Surg 2004; 39:497–505
Boucher CA, Brewster DC, Darling RC, Okada RD, Strauss
HW, Pohost GM: Determination of cardiac risk by dipyridamole-thallium imaging before peripheral vascular surgery. N Engl J Med 1985; 312:389 –94
Sicari R, Ripoli A, Picano E, Djordjevic-Dikic A, Di Giovanbattista R, Minardi G, Matskeplishvili S, Ambatiello S, Pulignano G, Accarino M, Lusa AM, Del Rosso GF, Pedrinelli
R, Buziashvili Y: Perioperative prognostic value of dipyridamole echocardiography in vascular surgery: A large-scale
multicenter study in 509 patients. EPIC (Echo Persantine
International Cooperative) Study Group. Circulation 1999;
100:II269 –74
Poldermans D, Arnese M, Fioretti PM, Salustri A, Boersma
E, Thomson IR, Roelandt JR, van Urk H: Improved cardiac
risk stratification in major vascular surgery with dobutamine-atropine stress echocardiography. J Am Coll Cardiol 1995; 26:648 –53
Ouriel K, Green RM, DeWeese JA, Varon ME: Outpatient
echocardiography as a predictor of perioperative cardiac
morbidity after peripheral vascular surgical procedures.
J Vasc Surg 1995; 22:671–7
McEnroe CS, O’Donnell TF Jr, Yeager A, Konstam M,
Mackey WC: Comparison of ejection fraction and Goldman
risk factor analysis to dipyridamole-thallium 201 studies in
the evaluation of cardiac morbidity after aortic aneurysm
surgery. J Vasc Surg 1990; 11:497–504
Xu-Cai YO, Brotman DJ, Phillips CO, Michota FA, Tang
WH, Whinney CM, Panneerselvam A, Hixson ED, Garcia M,
Francis GS, Jaffer AK: Outcomes of patients with stable

Anesthesiology, V 112 • No 6 • June 2010

Downloaded from anesthesiology.pubs.asahq.org by guest on 11/14/2019

35.

36.

37.

38.

39.

40.

41.

42.

heart failure undergoing elective noncardiac surgery.
Mayo Clin Proc 2008; 83:280 – 8
Matyal R, Hess PE, Subramaniam B, Mitchell J, Panzica PJ,
Pomposelli F, Mahmood F: Perioperative diastolic dysfunction during vascular surgery and its association with postoperative outcome. J Vasc Surg 2009; 50:70 – 6
Boersma E, Kertai MD, Schouten O, Bax JJ, Noordzij P,
Steyerberg EW, Schinkel AF, van Santen M, Simoons ML,
Thomson IR, Klein J, van Urk H, Poldermans D: Perioperative cardiovascular mortality in noncardiac surgery: Validation of the Lee cardiac risk index. Am J Med 2005;
118:1134 – 41
Felker GM, Petersen JW, Mark DB: Natriuretic peptides in
the diagnosis and management of heart failure. CMAJ
2006; 175:611–7
Ryding AD, Kumar S, Worthington AM, Burgess D: Prognostic value of brain natriuretic peptide in noncardiac
surgery: A meta-analysis. ANESTHESIOLOGY 2009; 111:311–9
Luers C, Wachter R, Kleta S, Uhlir M, Koschack J, Scherer
M, Binder L, Herrmann-Lingen C, Zapf A, Kulle B, Kochen
MM, Pieske B: Natriuretic peptides in the detection of
preclinical diastolic or systolic dysfunction. Clin Res Cardiol 2010; 99:217–26
Grayburn PA, Hillis LD: Cardiac events in patients undergoing noncardiac surgery: Shifting the paradigm from noninvasive risk stratification to therapy. Ann Intern Med
2003; 138:506 –11
Poldermans D, Boersma E, Bax JJ, Thomson IR, van de Ven
LL, Blankensteijn JD, Baars HF, Yo TI, Trocino G, Vigna C,
Roelandt JR, van Urk H: The effect of bisoprolol on perioperative mortality and myocardial infarction in high-risk
patients undergoing vascular surgery. Dutch Echocardiographic Cardiac Risk Evaluation Applying Stress Echocardiography Study Group. N Engl J Med 1999; 341:1789 –94
Hunt SA, Abraham WT, Chin MH, Feldman AM, Francis GS,
Ganiats TG, Jessup M, Konstam MA, Mancini DM, Michl K,
Oates JA, Rahko PS, Silver MA, Stevenson LW, Yancy CW:
2009 Focused update incorporated into the ACC/AHA
2005 Guidelines for the Diagnosis and Management of
Heart Failure in Adults A Report of the American College
of Cardiology Foundation/American Heart Association
Task Force on Practice Guidelines Developed in Collaboration With the International Society for Heart and Lung
Transplantation. J Am Coll Cardiol 2009; 53:e1–90

Flu et al.

