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INTRODUCTION AND OVERVIEW OF THE 
THESIS

ATHEROSCLEROSIS  is a progressive disease process of the large and medium 
sized arteries that involves the gradual accumulation of lipids, infl ammatory cells, and 
fi brous elements in plaques located in the vessel walls. Its pathogenesis is multifactorial, 
involving numerous, well known risk factors, and genetic predisposition. Some of those 
risk factors are modifi able (i.e., cigarette smoking, obesity, physical inactivity, elevated 
LDL cholesterol, reduced HDL cholesterol, hypertension, and diabetes mellitus), but 
some of them are not (i.e., age, gender, family history). Intensive research during the 
past decades has shown that atherosclerosis is a systemic disease that aff ects diff erent 
vascular territories simultaneously (polyvascular disease, PVD). Th erefore, individuals 
with one manifestation of atherosclerosis are more likely to have concomitant disease 
in other vascular territories. Th e process of atherosclerotic plaque formation begins 
early in the life, and it continuous to progress causing clinical manifestations decades 
later. Studies have shown that a substantial number of patients were asymptomatic 
prior to the acute atherosclerotic event, which itself caries a large portion of mortality 
and morbidity burden of atherosclerotic disease. Indeed, cardiovascular disease is 
the leading cause of death around the world, accounting for 50% of all mortality in 
developed countries, up to 85% in low and middle income countries.



8

In clinical settings, atherosclerosis can be manifested in directionally opposite 
manners by causing either occlusive or aneurismal changes, with considerable overlap 
between coronary (CAD), cerebral (CVD), or peripheral arterial disease (PAD). Th is 
overlap is especially present in patients who initially present with PAD, either occlusive 
or aneurysmal. It is well known that those patients more often suff er from myocardial 
infarction (MI) and stroke than the patients with other forms of atherosclerotic disease, 
especially if they undergo surgery. Because of that, it is of great importance to evaluate 
patients with PAD for the presence of CAD and CVD.

Th e prevalence of coexistent atherosclerotic disease depends mainly on the 
sensitivity of the diagnostic tool used in its identifi cation. Th e majority of studies have 
shown that screening for atherosclerotic disease in diff erent vascular territories by means 
of Doppler ultrasonography has a high sensitivity and specifi city, and concordance 
with conventional angiography. Th erefore, in Chapter 1 this noninvasive approach 
was used to objectively assess the presence and prevalence of polyvascular disease in 
patients presented with symptomatic PAD. A large body of literature supports the idea 
that infl ammation plays a pivotal role in all phases of atherosclerosis, from the fatty 
streak lesion formation to the acute coronary event due to vulnerable plaque rupture. 
Indeed, mediators involved in the infl ammatory process have been widely studied 
both as surrogate biomarkers and as causal agents in the pathophysiologic network of 
atherogenesis and plaque vulnerability.  Highsensitivity C-reactive protein (hs-CRP), a 
simple downstream marker of infl ammation, is the most extensively studied molecule 
for its association with the risk of atherosclerotic events in general populations and a 
predictive value even in terms of secondary prevention. Th erefore, in this chapter we 
also tested if the level of systemic infl ammation refl ected by the levels of circulatory 
hs-CRP correlates with the number of aff ected vascular territories.

Coronary artery disease appears to be the most prevalent atherosclerotic co-
morbidity with high impact on early and late outcome. Since it can remain silent and 
undiagnosed for years, it is of paramount importance to diagnose and treat CAD on 
time. Th is is especially important in patients who are candidates for diff erent surgical 
interventions, because postoperatively CAD is the main cause of death in these 
patients. Chapters 2 and 3 give the insight in this problem, suggesting strategies 
in CAD identifi cation, preoperative risk stratifi cation and modifi cation in specifi c 
subgroup of patients with abdominal aortic aneurysm (AAA), as well as in general 
surgical population.



9

Despite tremendous improvements in preoperative risk stratifi cation and 
modifi cation, as well as in surgical techniques, cardiovascular morbidity and mortality 
still remains high in perioperative period. Special problem in term of prognosis presents 
unrecognized MI or silent myocardial ischemia. Chapter 4 evaluates this problem 
in group of vascular surgery patients. Incidence of perioperative cardiac events and 
outcome between surgical and endovascular repair in AAA patients is presented in 
Chapter 5.

Optimal preoperative risk stratifi cation and perioperative risk reduction strategy 
accompanies accurate risk assessment by identifying potential risk factors, and their 
modifi cation. Diabetes mellitus (defi ned as fasting glucose ≥ 7.0, random glucose ≥ 11.1 
mmol/l, and glucose ≥ 11.1 mmol/l after oral glucose tolerance test) is recognized as 
an independent risk factor for worse postoperative outcome. Th e impact of impaired 
glucose regulation (defi ned as fasting glucose between 5.6–7.0 mmol/l, random glucose 
between 5.6 – 11.1 mmol/l, or glucose between 5.6 – 11.1 mmol/l after oral glucose 
tolerance test) and bad glycemic regulation in diabetic patients (those with the levels 
of circulating glycated hemoglobin-A1c ≥ 7.0 mmol/l) on postoperative outcome is less 
clear. Chapter 6 evaluates the signifi cance of impaired glucose regulation and glycemic 
control on postoperative cardiac events in both diabetic and non-diabetic vascular 
surgery patients.

It is well known that natriuretic peptides (NPs), especially B-type (BNP) and 
its amino terminal cleavage equivalent (NT-proBNP), are excellent markers of left 
ventricular dysfunction, and predictors of outcome in heart failure (HF) patients. 
Beside HF, NPs have been found out to be connected with other settings, such as 
CAD and heart valve diseases, probably due to increased myocardial wall stress in 
those conditions. Also, there are a lot of evidence that supports correlation between 
the incidence of cardiac disrhythmias and elevated BNP/NT-proBNP levels. All 
those observations emerged NPs as accurate tool for preoperative risk assessment. 
Th e relation between preoperative NT-proBNP levels and postoperative extent of 
myocardial ischemia, circulating troponin T levels, and hart rate variability is evaluated 
in Chapter 7.

Non-invasive testing by dobutamine stress echocardiography (DSE) is common 
tool in identifying patients at increased risk for postoperative cardiac events. Th is kind 
of testing is mainly reserved for those patients with multiple clinical predictors of risk 
or other modifying factors. Since patients with left ventricular dysfunction (LVD) have 
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decreased short- and long-term survival after surgery, they present a challenging entity 
for additional preoperative DSE testing in purpose of adequate risk stratifi cation, and 
possible changes in management strategy. In Chapter 8 is presented a quantitative risk 
model for patients with LVD using myocardial viability profi le during DSE.

Th e benefi t of coronary revascularization in high-risk non-cardiac surgery 
patients is controversial. Evidence that supports this potentially cardioprotective 
procedure is based on the results of registries, which showed improved outcome in 
non-cardiac surgical patients who had coronary artery bypass grafting (CABG) or 
percutaneous coronary intervention with stent placement two to four years before non-
cardiac surgical procedure. Whether or not prophylactic coronary revascularization 
is benefi cial in high-risk patients immediately prior to the non-cardiac surgery is the 
topic of Chapter 9.

Finally, the last two Chapters 10 and 11 are focused on screening of AAA. Since 
eff ective screening programs are not established yet, diagnosis of AAA is still frequently 
made at the time of rupture, which is related to increased postoperative mortality and 
morbidity. Diagnostic techniques used for AAA detection in everyday clinical practice, 
such as standard ultrasonography or computerized tomography, are not suitable for 
simple and easy screening purposes. Th erefore, the diagnostic potential and accuracy 
of AAA detection by two new hand-held ultrasound devices are evaluated in those 
chapters.

Since atherosclerosis carries a large morbidity and mortality burden, its early 
detection, timely treatment and modifi cation by various medical and surgical strategies 
are essential for improving the outcome of the patients. Maybe the results of this thesis 
will contribute in fulfi llment of this important task.
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ABSTRACT

Objective: To objectively assess the presence of polyvascular disease in patients 
with peripheral arterial disease and its relation to infl ammation and clinical risk factors. 
Methods: A total of 431 vascular surgery patients (mean age 68 years, men 77%) with 
atheroscle rotic disease were enrolled. Th e presence of atherosclerosis was assessed using 
ultrasonography. Aff ected territories were defi ned as: (1) carotid, stenosis of common or 
internal carotid artery of > 50%, (2) cardiac, left ventricular wall motion abnormalities, 
(3) abdominal aorta, diameter > 30 mm and (4) lower limb, ankle–brachial pressure 
index < 0.9. Cardiovascular risk factors and high-sensitivity C-reactive protein (hs-
CRP) levels were noted in all. Results: One vascular territory was aff ected in 29% of the 
patients, whereas polyvascular disease was found in 71%: two aff ected territories in 45%, 
three in 23% and four in 3% of patients. Levels of hs-CRP increased with the number 
of aff ected vascular territories (p < 0.001). Multivariable logistic regression analysis 
showed age > 70 years, male gender, body mass index (BMI) > 25 kg m-², and hs-CRP 
to be independently associated with polyvascular disease. Conclusion: Polyvascular 
disease is a common condition in patients who have undergone vascular surgery. Th e 
level of systemic infl ammation, refl ected by hs-CRP levels, is moderately associated 
with the extent of polyvascular disease. © 2009 European Society for Vascular Surgery. 
Published by Elsevier Ltd. All rights reserved.
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INTRODUCTION

Atherosclerosis is a chronic infl ammatory disease that can aff ect diff erent vascular 
territories focally. However, the presence of atherosclerosis in one vascular territory 
generally denotes the presence of the disease in other vascular territories, giving it a 
character of systemic and generalised disease. Coincidence of atherosclerotic disease in 
diff erent vascular territories depends not only on the population in question but also 
on the criteria and methods used to assess the diagnosis. Recently published results of 
Reduction of Atherothrombosis for Continued Health (REACH) registry showed that 
patients with atherosclerotic disease in more than one vascular territory have worse 
long-term outcome.1 However, the defi nition of poly-vascular disease (PVD) was based 
on relatively subjective criteria.

Ultrasonography is a highly eff ective and reliable modality for the detection of 
atherosclerotic disease.2 Ultrasound can measure both anatomy and function, and 
provides well-validated surrogate markers for atheroscle rosis, such as carotid intima-
media complex thickness, ankle-brachial pressure index (ABI), left ventricular wall 
motion abnormalities and diameter of blood vessels. Th e role of infl ammation in the 
pathogenesis of atherosclerosis raised the interest in identifying infl ammatory markers 
related to the progress and extent of atherosclerotic disease. It has been shown that 
levels of C-reactive protein (CRP) increase in patients with coronary artery disease 
(CAD) and peripheral arterial disease.3–6

Th e current study aims to determine objectively the prevalence of PVD 
atherosclerosis in patients who have undergone vascular surgery, using ultrasonography 
and to determine whether there are diff erences in infl ammatory activity related to the 
presence and extent of (a)symp-tomatic PVD.

METHODS

Study population

Th e study population composed of 431 patients with known peripheral arterial 
disease who were referred to the department of vascular surgery of the Erasmus Medical 
Centre, Rotterdam, the Netherlands, in the period between March 2006 and September 
2007. Patients with (1) a symp tomatic carotid artery stenosis or (2) intermittent claudi-
cation (including those with rest or night pain) or (3) patients referred because of a 
recently discovered abdominal aortic aneurysm were eligible for the study. Th e hospital’s 
ethics committee approved the study and all patients gave informed consent.
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Cardiovascular risk factors

Patients were screened for the following cardiovascular risk factors: age, gender, 
hypertension (previously diagnosed or blood pressure ≥ 140/90 mm Hg measured on the 
day of fi rst visit) or anti-hypertensive therapy, renal failure (serum creatinine > 2mg dl-¹),
diabetes mellitus (fasting glucose level of ≥ 7.0 mmol l-¹, or treatment with oral 
medications or insulin), hypercholesterolaemia (total cholesterol > 200 mg dl-¹ and/or 
low-density lipoprotein (LDL) > 100 mg dl-¹ and/or current statin therapy) and current or 
former smoking. In addition, established CAD (angina pec-toris, myocardial infarction 
(Ml), heart failure and previous coronary revascularization) was noted. Additionally, in 
all patients, serum level of high-sensitivity (hs)-CRP was determined by a nephelometric 
assay on a Beckman-lmmage analyzer (Beckman-Coulter, Fullerton, California, USA).

ESTABLISHMENT OF NUMBER OF AFFECTED ARTERIAL 
TERRITORIES

For the identifi cation of asymptomatic atherosclerotic lesions (i.e., atherosclerotic 
lesion which was not sus pected or diagnosed previously), we performed a duplex scan 
of the carotid arteries, echocardiography, ultrasono-graphic measurement of infrarenal 
abdominal aortic diameter and we measured the ABI. Th e examinations were performed 
and reviewed by two physicians, both skilled and experienced in ultrasonography. Th ey 
were unaware of the referral diagnosis and previous medical history.

Carotid ultrasound imaging

Ultrasound images of the common, bifurcation and internal segments of each 
carotid artery were acquired in every patient. Th e common carotid artery segment 
was defi ned as the distal 1 cm of the common carotid artery, immedi ately before the 
origin of the bulb. Th e bifurcation segment was defi ned as the distal 1 cm of the bulb, 
where the fl ow divider between internal and external carotid artery is present. Th e 
internal carotid artery segment was defi ned as the proximal 1 cm of the internal carotid 
artery, starting immediately beyond the fl ow divider. Carotid ultrasound imaging was 
directed to the measurement of carotid intima-media complex thickness (CIMT) 
and identifi cation of the atherosclerotic plaques in each of the six observed carotid 
segments. Atherosclerotic plaques were defi ned as an echogenic thickening of intimal 
refl ection that encroaches on the arterial lumen, with a minimal CIMT ≥ 1.2 mm.7 Th e 
plaque was considered signifi cant if it causes the narrowing of common or internal 
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carotid artery by >50%, according to Doppler US criteria proposed by the Society of 
Radiologists in Ultrasound Consensus Conference.8 Examinations were performed with 
a portable device, Acuson Cypress (Acuson, Mountain View, CA), using 5.4–6.6-MHz 
linear transducer.

Cardiac ultrasound imaging

CAD was diagnosed previously in 166 patients: in 93 (56%) by coronary angiography, 
in 46 (28%) by dobutamine stress echocardiography (DSE) and in 27 (16%) by radionuclide 
myocardial perfusion scanning. In another 265 (61%) patients without previous diagnosis, 
but with high proba bility for presence of CAD, we performed echocardiography by the 
protocol described elsewhere.9 Appearance of left ventricular wall motion abnormalities 
during the test was considered suggestive for the presence of CAD.

Abdominal aortic ultrasound imaging

Using the portable Acuson Cypress (Acuson, Mountain View, CA) with 1.8-
3.6-MHz curve-linear transducer, the ultra sound examination was focussed on the 
identifi cation of the infrarenal aorta. Th e measurement of its maximal diameter was 
obtained using on-screen callipers between the two edges of the aortic wall, including 
intraluminal thrombus, if present. Th e probe was maintained perpendicular to the 
aortic blood fl ow determined by the colour Doppler to yield orthogonal sections of the 
aorta. Measurements were taken from the lowest renal artery to the aortic bifurcation. 
Th e maximal obtained diameter in any direction, expressed in millimetres, was used for 
analysis. A measured diameter of > 30 mm was considered as abnormal.

ABI measurement

Th e ABI in the right and left leg was calculated by dividing the right and the 
left ankle pressure by the brachial pressure after obtaining systolic blood pressures in 
the right and left brachial artery, right and left dorsalis pedis artery and right and left 
posterior tibia I artery. Th e higher of the two systolic brachial blood pressures, as well 
as the higher of the systolic blood pressures in the dorsalis pedis and posterior tibial 
artery was used for calculating the ABI. Th e ABI was measured after the participants 
had been resting in the supine position for at least 10 min. Of the ABI values obtained 
in each leg, the lower was used in all the analyses. An ABI of < 0.90 was considered 
abnormal. ABIs were measured using Doppler ultrasonic instrument Imexdop CT+ 
(Miami Medical, Glen Allen, VA, USA) with 8-MHz vascular probe.
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STATISTICAL ANALYSIS

Continuous data are expressed as mean (±SD) or median (range) and compared 
using the student’s t-test, one-way analysis of variance (ANOVA) or Mann-Whitney 
U-test when appropriate. Categorical data are presented as percent frequencies and 
diff erences between proportions were compared using the chi-square test. Receiver-
operating characteristic curve analysis was used to determine the optimal cut-off  value 
of the hs-CRP consistent with the pres ence of atherosclerotic changes in > 1 vascular 
territory. Applied multivariable logistic regression analysis was used in two models to 
calculate the likelihood of the presence of PVD. Th e variables included in the fi rst model 
were: age > 70 years, gender, BMI > 25 kgm-², hypertension, dyslipidaemia, dia betes 
mellitus, renal failure and smoking. In the second model, we added hs-CRP to the other 
variables included in the fi rst model. Th e performances of both models were studied 
with respect to discrimination and calibration. Discrimination refers to the ability to 
distinguish patients with and without PVD; it was quantifi ed by C-statistic. Calibration 
refers to whether the predicted probabi lity of PVD is in agreement with the observed 
probability and was measured with the Hosmer-Lemeshow goodness-of-fi t test. All 
statistical analyses were performed using SPSS 14.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

A total of 431 patients were included in the study. Th eir mean age was 68 years 
and 77% were male. Symptomatic carotid artery disease was the referral diagnosis 
in 103/431 (24%) patients, an abdominal aortic aneurysm in 170/431 (39%) and 
symptomatic lower extremity arterial disease in 158/431 (37%). Th e clinical baseline 
characteristics of these patients are listed in Table 1.

PREVALENCE OF PVD

A total of 213/431 patients with peripheral arterial disease were known to have 
PVD, that is, multiple aff ected arterial territories, based on clinical history and indication 
for referral to only a vascular surgery outpatient clinic. Th e routine screening of the other 
vascular territories using ultrasound revealed an additional 91 patients with previ ously 
unknown PVD. Importantly, in patients with already-known multiple aff ected arterial 
territories, there was an underestimation of the true number of aff ected territories; of 
170 patients with two clinically apparent aff ected territories, there were 43 (25%) and 
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7 (4%) with three or four aff ected territories, respectively, when standard ultrasound 
screening was used.

Based on the ultrasound measurements, 127/431 (29%) patients had only one 
aff ected arterial territory, 193/431 (45%) had two aff ected territories, 99/431 (23%) had 
three aff ected arterial territories and 12/431 (3%) had four aff ected arterial territories.

Asymptomatic atherosclerotic disease in at least one vascular territory other 
than the referral territory was present in 30/103 (29%) patients initially presented with 
symptomatic carotid artery disease, in 65/170 (38%) patients with an abdominal aortic 
aneurysm and in 62/158 (39%) patients with symptomatic lower extremity arterial 
disease.

Th e most prevalent asymptomatic site was the coronary artery tree as this was 
found to be asymptomatically present in 82/431 (19%) patients. Asymptomatic carotid 
artery disease, abdominal aortic aneurysm and asymptom atic lower extremity peripheral 
arterial disease were present in 14 (3%), 33 (8%) and 38 (9%) patients, respectively. Th e 
prevalence of concomitant atheroscle rotic lesions, both symptomatic and asymptomatic, 
among patients with diff erent referral diagnoses is shown in Fig. 1.

Table 1 Baseline characteristics of study population

Total Index territory p-Value

n = 431 Carotid AAA LEAD

n = 103 n = 170 n = 158

Age (years; SD) 68 ±10 68 ±10 71 ±8 65 ±11 < 0.001

Men 332 (77%) 68 (66%) 152 (89%) 112 (71%) < 0.001

BMI (kg m-²; SD) 26 ±4 26 ±4 25 ±4 26 ±4 NS

History of cerebrovascular disease 155 (36%) 103 (100%) 27 (16%) 25 (16%) <0.001

History of coronary artery disease 172 (40%) 31 (30%) 83 (49%) 58 (37%) 0.006

Heart failure 42 (10%) 4 (4%) 29 (17%) 9 (6%) <0.001

Hypertension 335 (78%) 87 (85%) 132 (78%) 116 (73%) NS

Diabetes mellitus 96 (22%) 26 (25%) 27 (16%) 43 (27%) 0.034

Dyslipidaemia 326 (76%) 78 (76%) 129 (76%) 119 (76%) NS

Renal failure 71 (17%) 8 (8%) 39 (23%) 24(15%) 0.004

Current or former smoking 274 (64%) 60 (58%) 113 (67%) 101 (64%) NS
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PVD AND CARDIOVASCULAR 
RISK FACTORS AND 
INFLAMMATION

As is shown in Table 2, when 
all cardiovascular risk factors were 
evaluated in a logistic regression 
analysis only age > 70 years, 
renal failure, male gender and
BMI > 25 kgm-², were independently 
associated with the presence of 
PVD. As is shown in Fig. 2, the 
median values of hs-CRP diff ered 
among the patients with respect to 
the number of vascular territories 
aff ected by atherosclerosis. Using 
receiver-operating characteristic 
curve analysis, the optimal cut-off  
value of the hs-CRP levels to predict 
the presence of PVD was 3.60 mg l-¹
(area under the curve 0.68). When 
hs-CRP is added as a dichotomous 
variable (i.e., below or above 3.60 
mg l-¹) to clinical cardiovascular 
risk factors, it appears to be a strong 
predictor for the presence of PVD 
(OR 3.81, 95% Cl 2.39-6.09; Table 2).

DISCUSSION

Th is study assessed the 
prevalence of PVD and its rela-
tionship with cardiovascular risk 
factors and hs-CRP. In patients with 
one symptomatic arterial territory, 

Figure 1  Prevalence of previously known and 
asymptomatic atherosclerotic lesions in 
patients initially presented with ECAD 
(A), AAA (B), and LEAD (C). ECAD 
– extra-cranial arterial disease; AAA 
– abdominal aortic aneurysm; LEAD 
– lower extremity arterial disease; CAD 
– coronary artery disease.
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athero sclerotic disease in other arterial territories was common, with over two-thirds 
of these patients having more than one aff ected site. Importantly, when relying only 
on clinical history, 35% of patients would have been misclassifi ed as having only one 
aff ected arterial territory. Furthermore, hs-CRP showed a close relationship with the 
number of aff ected vascular territories and increased gradually with every additional 
vascular territory aff ected.

Atherosclerosis is a complex and progressive disease that aff ects medium- and 
large-sized arteries diff usely, and involves gradual accumulation of lipids, infl ammatory 
cells and fi brous elements in the vessel walls.10 Besides, atherosclerosis is caused by the 
same pathological processes regardless of the vascular territory involved and it displays 
heterogeneity in space and time. Atherosclerosis aff ects certain sites in the arterial tree 
preferentially, particularly areas exposed to low shear stress, oscillatory or turbulent 
blood fl ow, like points of branching and curva tures.11 Importantly, atherosclerosis in 
each vascular territory is predisposed by the same cardiovascular risk factors, such 

Table 2  Association between cardiovascular risk factors + high-sensitivity CRP and 
polyvascular disease

Univariate 
analysis Model 1 Model 2 Model 3

OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl
Age ≥ 70 years 1.59 1.05-2.42 1.80 1.14-2.85 1.77 1.10-2.85 1.77 1.10-2.85
Male gender 3.04 1.89-4.81 2.68 1.63-4.41 2.61 1.54-4.41 2.60 1.54-4.41
BMI ≥ 25 kg m-² 2.85 1.86-4.37 2.69 1.70-4.24 2.39 1.49-3.85 2.40 1.50-3.85
Hypertension 1.34 0.83-2.18 1.06 0.62-1.81 1.11 0.63-1.95 1.11 0.63-1.95
Diabetes mellitus 1.65 0.97-2.83 1.35 0.76-2.42 1.34 0.73-2.45 1.34 0.73-2.45
Dyslipidaemia 1.43 0.89-2.28 1.22 0.73-2.04 1.10 0.64-1.88 1.10 0.64-1.88
Renal failure 2.07 1.09-3.93 1.53 0.77-3.05 1.58 0.77-3.24 1.58 0.77-3.24
Current or former smoking 1.31 0.86-2.01 1.27 0.79-2.03 1.27 0.78-2.07 1.27 0.78-2.07
hs-CRP (continuous)* 1.25 1.15-1.37 – – 1.24 1.13-1.36 – –
Hs-CRP ≥ 3.60 mg l-¹ 4.22 2.71-6.56 - - - 3.81 2.39-6.09
C-index 0.72 0.77 0.78

BMI = body mass index; hs-CRP = high-sensitivity C-reactive protein; OR = odds ratio; Cl = confi dence 
interval. Model 1 included risk factors only, model 2 risk factors and hs-CRP as continuous variable 
(as increment of 1 mg l-¹), and model 3 risk factors and hs-CRP as binary variable (lower or higher 
than the cut-off  value of 3.60 mg l-¹).
* As increment of 1 mg l-¹.
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as dyslipidaemia, diabetes mellitus, obesity, hypertension or smoking.12 Interaction 
between them is always present, and usually it is additive. In our study, older age, male 
gender and BMI > 25 kg m-2 were strongly associated with the presence of PVD.

It has been suggested that infl ammation plays a pivotal role in atherosclerosis. 
High-sensitivity C-reactive protein is a non-specifi c biomarker of infl ammation. Recent 
large-scale population-based studies have shown that elevated levels of hs-CRP are 
associated with an increased risk for future cardiovascular events in both patients with 
or without manifest atherosclerotic disease.13 As was recently shown in the Rotterdam 
study, CRP is associated with both extent and progression of atherosclerotic disease in 
diff erent vascular territories.14–15 Th ese fi ndings were confi rmed in the present study. 
Whether the increased infl ammatory activity in patients with poly-vascular disease 
is the causative mechanism for the development of polyvascular disease, or that it is 
merely caused by the increased number of aff ected vessels, remains unknown.

Th e concomitant occurrence in diff erent vascular terri tories is a characteristic 
feature of atherosclerotic disease.

Th e generalised nature of atherosclerosis was well shown in several previously 
published studies. Of almost 20000 patients with peripheral, carotid and coronary 
atheroscle rotic disease included in the Clopidogrel Versus Aspirin in Patients at Risk 

for Ischemic Events (CAPRIE) 
trial, about 23% had symptomatic 
disease in two, and 3% in all three 
vascular territories.16 Symptomatic 
PVD was also common in the 
REACH registry, which includes 
more than 67000 patients from 44 
countries around the world.17 One 
of six patients with either coronary, 
cerebrovascular or periph eral 
arterial disease had symptomatic 
involvement of one or two other 
arterial beds, giving the overall 
prevalence of PVD to be almost 
16%. Th e 1-year major event rates 
(cardiovascular death, Ml, or stroke 
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or hospitalisation for atherothrombotic events) among the REACH registry patients 
increased markedly with the number of symp tomatic arterial disease locations, 
ranging from 12.58% for patients with one to 21.14% with two and 26.27% for patients 
with three symptomatic arterial disease locations (p < 0.001 for trend).1 Th e REACH 
registry investigators pointed out that those results might in fact underestimate the 
impact of peripheral arterial disease because the degree of overlap in the involvement 
of the diff erent arterial territories would be even greater if the degree of asymptomatic 
disease were examined. In the current study, we performed extensive non-invasive 
screening for atherosclerotic disease in four vascular territories, in patients with at 
least one symptomatic territory. Indeed, using this extensive work, we found a much 
higher preva lence of PVD compared to the REACH registry data.

In conclusion, the prevalence of PVD in patients with symptomatic peripheral 
arterial disease is high. System atical screening of patients with peripheral arterial 
disease using ultrasound modalities signifi cantly increases the number of patients with 
PVD. Based on the outcome of the REACH registry, these patients might deserve a 
more aggressive medical treatment regimen since their risk for future cardiovascular 
events is high.
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ABSTRACT

Coronary artery disease (CAD) is a frequent co-morbidity in patients with 
abdominal aortic aneurysm (AAA), and a lea ding cause of early and late morbidity 
and mortality after elec tive repair. In some patients, CAD can be asymptomatic becau-
se of reduced exercise capacity or due to pre-existing non-car diac conditions. Th e 
preoperative identifi cation of patients with underlying CAD is important to initiate 
appropriate treat ment strategies to reduce the risk of perioperative complications. Th is 
review will provide current approach in preoperative eva luation of patients with CAD 
undergoing AAA repair. Th e use of clinical cardiac risk factors, noninvasive cardiac 
testing, novel biochemical markers, pharmacological and interventional strategies in 
stratifi cation and modifi cation of perioperative risk will be discussed.

Key words: Coronary artery disease - Aortic aneurysms, abdominal - Risk 
assessment - Prognosis - Perioperative care.
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INTRODUCTION

Abdominal aortic aneurysm (AAA) is a common vascular disorder with potential 
life threatening outcome. An asymptomatic AAA can be detected in 5-8% of men and 
in 1% of women above 65 years of age.1–4 Patients with AAA have frequently general-
ized atherosclerosis, suggesting that aneurysmal dis ease might be associated with the 
larger spectrum of polyvascular disease.5–6

Among all potential atherosclerotic co-morbidities in patients with AAA, coronary 
artery disease (CAD) attracted the most attention. Already 30 years ago, CAD was 
recognized as the leading cause of early and late mortality after elective AAA repair. 
Th e incidence of perioperative mortality in selected series varies from 2.7% to 5.5%, 
and increases up to 9% in population-based studies.7–9 Initially, coronary angiography 
(CAG) was considered to be the screening tool of choice for CAD. Using CAG, the 
reported prevalence of severe CAD (visually assessed stenosis > 70%) in patients 
with AAA in Western countries was high, varying from 36% to 86%.6, 10–13 Because 
CAG is not technically feasible in all patients prior to AAA repair, its own pro cedural 
related risk and the impossibility to assess func tional coronary abnormalities, it was 
subsequently replaced by radionuclide myocardial perfusion scanning (RMPS) or stress 
echocardiography (SE). Beside that RMPS and SE are noninvasive and highly accurate 
in diagnosing CAD, both techniques showed remarkable potential of predicting early 
and late postoperative events in vascular surgery patients.14–16

Treatment strategies for AAA are open surgical or endovascular repair. 
Endovascular repair has the advan tage of reduced short-term mortality, because 
of a decreased cardiac stress compared to open surgical repair. However, the long-
term benefi t has not been proven yet. In addition, careful monitoring on the inserted 
device using repeated radiographic imaging during long-term follow-up is associated 
with increased costs. Consequently, a substantial amount of attention was devoted to 
refi nements of patient selection and the modifi cation of underlying risk factors, such 
as CAD. Th is would identify the optimal therapeutic strategy for the patient at risk and 
improve late survival.

Th is review will provide current approach in pre operative evaluation of patients 
with CAD undergoing AAA repair. Th e use of clinical cardiac risk factors, noninvasive 
cardiac testing, novel biochemical mark ers, pharmacological and interventional strategies 
in stratifi cation and modifi cation of perioperative risk will be discussed (Figure 1).
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PREOPERATIVE CARDIAC RISK ESTIMATION: HOW AND WHEN

Identifi cation of clinical risk factors, which can predict postoperative cardiac 
complications, was of a great interest for the past 30 years. For that pur pose, several 
risk indices were developed, such as Goldman cardiac risk index, the Detsky modifi ed 
multifactorial risk index, Eagle’s risk score, American Society of Anesthesiologist index, 
and Canadian Cardiovascular Society index.18–22 In direct compar ison of Goldman’s, 
Detsky’s, American Society of Anesthesiologist’s, and Canadian Cardiovascular Society 
risk indices in 2035 patients, who underwent elective or urgent noncardiac surgery, 
Gilbert et al. showed that they all performed better than chance.23 However, no index 
was signifi cantly superior to the other. Th e recently published revision of the Goldman 
risk index by Lee et al., named revised cardiac risk index, substantially improved its 
predictive value.24

By identifying 6 predictors of major postoperative cardiac complications (ischemic 
heart disease, con gestive heart failure, cerebrovascular disease, dia betes mellitus treated 
with insulin, renal failure, and high risk surgery), this risk index stratifi es patients in 
4 categories: with 0, 1, 2, and > 3 risk factors. Th e estimated rates for postoperative 

• Age >70 years
• History of angina pectoris
• Previous myocardial infarction
• History of heart failure
• Diabetes
• Previous cerebrovascular event
• Renal failure

No risk factors 1-2 risk factors ≥3 risk factors

Dobutamine stress echocardiography

No ischemia 1-4 ischemic
segments

≥5 ischemic
segments

Proceed to vascular surgery

BB_ BB+

1.2% 0%

No further testing
or treatment needed

Consider angiography
and revascularizationProvide β-blockersProvide β-blockers

BB_ BB+

3.0% 0.9%

BB_ BB+

33% 36%

BB_ BB+

5.8% 2.0%

BB_ BB+

33% 2.8%

Figure 1  Algorithm for preoperative cardiac evaluation in non-cardiac surgery. Th e 
proportions are the incidence of cardiac death or myocardial infarc tion. BB: β-
blockers. From Boevsma et al.11.
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major cardiac com plications in each group are 0.4%, 0.9%, 7%, and 11%, respectively. 
Th e limitation of these fi ndings for assessing patients undergoing vascular surgery was 
that only 110 of 2 893 patients (3.8%) had abdomi nal aortic surgery. Boersma et al. 
validated the Lee risk index in a large cohort of 108 593 patients who underwent all 
types of noncardiac surgical proce dures, including vascular surgical procedures, and 
demonstrated a substantial improvement by adding the surgical risk of the various 
procedures.25

As it is stated in American College of Cardiology/ American Heart Association 
guidelines for perioper-ative cardiovascular evaluation for noncardiac surgery, patients 
scheduled for AAA repair should be further evaluated by noninvasive testing, if they have 
inter mediate clinical predictors (mild angina, prior infarc tion, treated heart failure, or 
diabetes) or minor clini cal predictors combined with limited exercise toler ance.26 Among 
all available noninvasive testing modal ities (i.e., exercise electrocardiography, RMPS, SE) 
SE has potential advantages, although prospective studies comparing modalities prior to 
surgery are lack ing.14, 27–29 Th e test evaluates both resting left ventric ular dysfunction and 
inducible myocardial ischemia. Both are known predictors of postoperative ischemic 
complications and late cardiac death.30 Experience with dobutamine SE indicates that 
this test has very high negative predictive value (between 90% and 100%), which indicates 
that a negative test allows a safe surgical procedure.30 Th e positive predictive value of 
dobutamine SE is lower (between 23% and 45%), but higher than in RMPS.29

Beside that preoperative noninvasive testing increas es cost of treatment of vascular 
surgery patients, it also might delay surgery and run the risk of aneurys-mal rupture. 
Although there is no doubt that high-risk patients (> 3 risk factors) should be further 
evaluated by noninvasive testing, the question whether or not it can be omitted in 
intermediate-risk patients (1 or 2 risk factors) remains open. Recently published Dutch 
Echocardiographic Cardiac Risk Evaluation Applying Stress Echo II (DECREASE II) study 
tried to resolve this dilemma.31 Of 1 476 screened vascular surgery patients treated with 
(β-blockers, 770 were identifi ed to be of intermediate-risk for postoperative major car diac 
events. Th ese patients were randomly assigned to cardiac stress-testing (n = 386) or no 
testing. Test results were used to optimize perioperative cardiac care, including optimal 
heart rate (HR) control in patients with ischemia below the ischemic HR threshold, and 
coronary revascularization was considered in those with extensive ischemia on test
(> 5 left ventricular segments). All patients proceeded to planned vascular surgery with
(β-blocker therapy aiming at a HR of 60 to 65 beats per minute. Study results showed that 
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patients assigned for no testing had the same inci dence of primary endpoints (cardiac 
death or nonfatal myocardial infarction) as those assigned for testing (1.8% vs 2.3%;
P = 0.62), and waited for the vascular surgery intervention almost 3 weeks less.

Blood serum markers, such as serum creatinine and serum glucose levels, have 
recently emerged as promis ing tools in both preoperative risk score refi nement and 
postoperative management guidance.32-33 Of the other blood serum markers, natriuretic 
peptides, par ticularly B-type natriuretic peptide (BNP) and N-ter-minal portion of its 
precursor (NT-proBNP), were intensively investigated as prognostic markers in vas-
cular surgery patients. Besides their well-defi ned diag nostic and prognostic value in 
heart failure patients, recent studies indicated that BNP and NT-proBNP levels have an 
incremental value in the diagnosis and management of myocardial ischemia in patients 
with stable CAD.34–38 Indeed, myocardial ischemia or hypoxia might directly infl uence 
natriuretic peptide release, independent of changes in left ventricular function.39 Two 
recently published studies by Feringa et al. have demonstrated that elevated NT-
proBNP values strongly predict short- and long-term adverse cardiac events in patients 
undergoing elective surgery for AAA or leg bypass.40–41 Optimal cut-off  values of NT-
proBNP to predict short- and long-term adverse cardiac events, determined by receiver 
operated curve characteristics analysis, diff ered in those two studies (i.e., 533 ng/L for 
prediction of short-term, and 315 ng/L for prediction of long-term outcome). Taking 
into account objectiveness, relatively low cost and availability of natriuretic peptides, 
establishing of a universal cut-off  value through the future studies can make them a 
fi rst-line tool in preoperative risk assess ment.

BETABLOCKERS AND STATINS: EASY WAY TO MODIFY THE 
PERIOPERATIVE RISK AND IMPROVE OUTCOME

Beta-blockers

Stress response to major surgery is characterized by increased sympathetic 
activity, which can provoke rupture of atherosclerotic plaques in coronary arter ies, 
coronary arterial vasospasm, and myocardial oxygen supply/demand mismatch. All 
those might lead to postoperative myocardial infarction, with a potential fatal outcome. 
Cardioprotective eff ect of β-blockers is based on the fact that they can dimin ish the 
eff ects of increased sympathetic activity in surgical patients.

Th e fi rst evidence supporting the use of β-blockers in surgical patients was 
published by Mangano et al. more than 10 years ago.42 Two hundred patients with 
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known or suspected CAD undergoing high-risk non-cardiac surgery were randomized 
to receive atenolol or placebo. Atenolol was given intravenously before and immediately 
after surgery (bolus of 5 mg) and orally thereafter (50-100 mg) for the duration of 
hospital-ization up to a maximum of 7 days. Atenolol therapy was not associated with 
reduced in-hospital incidence of cardiac death or myocardial infarction, although 
myocardial ischemia assessed by continuous Holter monitoring was signifi cantly 
reduced. Importantly, overall mortality after discharge from the hospital was signifi cantly 
lower among the atenolol-treated patients than among those who were given placebo 
over the 6 months following hospital discharge (0% vs 8%; P < 0.001), over the fi rst year 
(3% vs 14%; P = 0.005), and over 2 years (10% vs 21%; P = 0.019).

In DECREASE I trial, 112 selected vascular surgery patients with evidence of 
myocardial ischemia on pre-operative dobutamine SE were randomized to receive 
placebo or bisoprolol (5-10 mg).43 Treatment with bisoprolol was started at least 7 
days before surgery. Perioperative bisoprolol use resulted in 10-fold reduc tion in the 
incidence of cardiac death and myocardial infarction (3.4% vs 34%; P < 0.001).

Maximum benefi t of β-blocker therapy in vascular surgery patients with CAD 
can be achieved only if a tight HR control is established. Th at was proved in a recently 
published study on 272 vascular surgery patients on chronic β-blocker therapy.44 Higher 
doses of β-blockers and lower HR were associated with reduced perioperative ischemia 
detected on ECG Holter monitoring (HR: 2.49; 95% confi dence interval [CI]: 1.79-3.48) 
and troponine T release (HR: 1.53; 95% CI: 1.16-2.03) (Figure 2).

Statins

Statins are potent 
inhibitors of cholesterol biosyn-
thesis. In clinical trials, statins 
are benefi cial in the pri mary 
and secondary prevention 
of coronary heart dis ease. 
However, the overall benefi ts 
observed with statins appear 
to be greater than what might 
be expected from changes in 
lipid levels alone, suggesting 
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eff ects beyond cholesterol lowering. Indeed, recent studies indicate that some of the 
cholesterol-independent or “pleiotrop-ic” eff ects of statins involve improving endothelial 
func tion, enhancing the stability of atherosclerotic plaques, decreasing oxidative stress 
and infl ammation, and inhibiting the thrombogenic response.45

As a result of their proven benefi t in reduction of car diovascular events in 
patients with atherosclerosis, statins are increasingly used in AAA patients. A num ber 
of pleiotropic eff ects of statins would be expected to slow an AAA growth. Indeed, 
recently published results of ultrasound surveillance study in patients with small 
AAA are in line with this assumption.46 During a follow-up period of 3 years, patients 
who were on statin therapy had lower mean aneurysmal growth of 1.6 mm/year in 
comparison with non-users.

To evaluate the association between statin use and perioperative mortality, 
Poldermans et al. performed a case-controlled study among patients who under went 
major vascular surgery (86% AAA surgery).47 A cardiovascular complication during the 
perioperative phase was the primary cause of death in 104 (65%) case subjects. Statin 
therapy was signifi cantly less common in cases than in controls (8% vs 25%; P < 0.001). 
Th e risk of perioperative mortality among statin users was reduced 4.5 times compared 
with nonusers (adjusted odds ratio for perioperative mor tality among statin users as 
compared with nonusers was 0.22 [95% CI: 0.1 to 0.47]).

Kertai et al. investigated the eff ect of statin therapy on long-term outcome after 
successful AAA surgery.48 Of the 510 patients who survived surgery beyond 30 days for 
AAAs, 154 (30%) were treated with statins. At 4.7-year follow-up, 27 of 154 patients 
(18%) treat ed with statins and 178 of 356 patients (50%) not treat ed with statins had 
died (P < 0.001) (Figure 3).
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However, no randomized clinical trial of statins has focused on cardiovascular 
events in patients with AAA, and they are needed before routine statin use in all AAA 
patients is recommended. Th e results of ongo ing DECREASE III trial will provide 
insight in the eff ect of statins on perioperative infl ammatory response and whether a 
reduced infl ammatory response is asso ciated with improved cardiovascular outcome.

CORONARY REVASCULARIZATION PRIOR TO ABDOMINAL 
AORTIC ANEURYSM REPAIR: IS IT JUSTIFIED TO POSTPONE 
SURGERY?

Percutaneous coronary interventions

Th ere have been several studies evaluating the clini cal utility of percutaneous 
coronary intervention (PCI) in high-risk patients undergoing major noncardiac surgery, 
including vascular surgery. In studies of Elmore et al. and Gottlieb et al., retrospective data 
were col lected of patients who underwent PCI prior to surgery.49’ 50 Th ese patients were 
referred for PCI because of the need to relieve symptomatic angina or to treat myocar-
dial ischemia identifi ed by noninvasive testing. Th e fi nd ings of these studies indicated 
that the incidence of peri operative cardiac death and myocardial infarction was low, but 
the investigators in these studies failed to use a comparison group of patients with CAD 
not treated with PCI. Th e apparent limitations of these studies prompted Posner et al. 
to conduct an investigation to compare car diac outcomes after noncardiac surgery in 
patients with prior PCI, patients with non-revascularized CAD and normal controls.51 
Th e results showed that patients treat ed with PCI within 90 days of noncardiac surgery 
had a similar incidence of perioperative events to matched patients with CAD who had 
not been revascularized. Patients who underwent noncardiac surgery more than 90 
days after PCI had a lower risk of cardiac events than non-revascularized patients, but 
not as low as normal controls. However, the eff ect of revascularization was lim ited to a 
reduction in the incidence of angina pectoris and congestive heart failure, and there was no 
reduction in the incidence of death and nonfatal myocardial infarc tion. Apart from these 
fi ndings, it is also important to note that if PCI procedure and coronary stent placement 
are performed < 6 weeks before major noncardiac surgery, the risk of perioperative 
coronary thrombosis or major bleeding complications may be substantially increased.52–53

Two separate small-scale studies reported an increased rate of serious bleeding 
complications if antithrombot-ic therapy was continued until the time of surgery, and 
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in patients in whom antiplatelet drugs were discontinued 1 or 2 days before surgery 
an increased rate of fatal events was observed due to stent thrombosis.52–53 Th e risk of 
these complications persisted for 6 weeks after coro nary stent placement. Patients who 
underwent surgery > 6 weeks after coronary stent placement experienced no adverse 
cardiac events.

However, these reports were on patients with bare-metal stents. In the current 
era of drug-eluting stents which require dual antiplatelet therapy with aspirin and 
clopidogrel, the question remains whether or not there is the diff erence between them 
and bare-metal stents in the incidence of serious adverse cardiac and bleeding events 
after non-cardiac surgery. Recently published study by Schouten et al. addressed this 
top ic.54 A total of 192 noncardiac surgery patients (99 with drug-eluting and 93 with 
bare-metal stents) were divided in two groups: 1) early-surgery group (defi ned as 
noncardiac surgery during which clopidogrel was required during the pivotal trials 
that led to approval of those devices and according to their labels: bare-met al stents 
1 month, sirolimus-eluting stents 3 months, and paclitaxel-eluting stents 6 months), 
and 2) late-surgery group. According to this classifi cation, 30 patients underwent 
early and 162 late surgery. During the fi rst 30 postoperative days, 5 fatal myocardial 
infarctions occurred (4 in early- and 1 in late-surgery group), all in patients in whom 
antiplatelet therapy was discontinued preoperatively. Th ere was no diff erence in the 
inci dence of serious adverse events between patients with bare-metal and those with 
drug-eluting stents (2.2% vs 3%; P = 0.7). Also, there was no diff erence in need for 
blood transfusions between patients who continued and patients who discontinued 
antiplatelet therapy (24% vs 20%; P = 0.5). Th e authors concluded that ear ly noncardiac 
surgery after coronary artery stenting is associated with increased rate of perioperative 
adverse cardiac events. Th e major cause of that was discontin uation of antiplatelet 
therapy, but not the type of stent {i.e., bare-metal or drug-eluting).

Coronary artery bypass grafting

Th e results of the largest retrospective study to date indicated that coronary artery 
bypass grafting (CABG) had a protective eff ect prior to noncardiac surgery.55 Data 
for 3 368 patients analyzed from the Coronary Artery Surgery Study (CASS) registry 
showed that patients who underwent CABG before abdominal, vas cular, thoracic, or 
head and neck surgery had a lower inci dence of perioperative mortality (3.3% vs 1.7%) 
and myocardial infarction (2.7% vs 0.8%) compared with medically treated patients. 
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Th e largest reduction in peri operative mortality was observed in patients with a his-
tory of advanced angina pectoris and in patients with multivessel CAD. However, 
if the mortality rates of the revascularization procedures were considered the com-
bined mortality of the revascularized patients was sim ilar to the medically treated 
patients. Hassan et al., using data from the Bypass Angioplasty Revascularization 
Investigation (BARI), showed there was no diff erence in the incidence of cardiac 
death and myocardial infarc tion between patients who underwent PCI or CABG and 
subsequent noncardiac surgery (PCI group: 1.6% vs. CABG group: 1.6%).56 Recently 
published prospec tive randomized Coronary Artery Revascularization Prophylaxis 
(CARP) trial comprised 510 patients who where scheduled for elective AAA repair (n 
= 169; 33%) or lower extremity revascularization, and were selected for preoperative 
CAG if a cardiology consultant con sidered that there was an increased risk for a 
perioper ative cardiac complications.57 Provided that their CAG revealed at least 
70% stenosis of one or more major coronary arteries, patients were randomized 
to receive either preliminary coronary revascularization (PCI: n = 141; CABG: n = 
99) plus medical management or medical management alone in conjunction with 
their elective vascular procedure. Th e fi ndings of this study indicated that patients 
undergoing coronary revascu larization prior to vascular surgery had a 3.1% mortal ity 
rate within 30 days after surgery compared to a 3.4% rate for those treated medically 
(P = 0.87). Th e rate of perioperative nonfatal myocardial infarction as detect ed by 
troponin elevation was also similar in coronary revascularization patients and patients 
not undergoing coronary revascularization (11.6% vs 14.3%; P = 0.37). Additionally, the 
late survival rates at median follow-up of 2.7 years did not diff er signifi cantly between 
the patients who were assigned to have preliminary coronary intervention and those 
who were not (78% vs 77%). Furthermore, the results of this trial also indicated that 
coronary revascularization prior to vascular surgery was associated with delay or 
cancellation of the required vascular operation. However, it should be realized that 
the vast majority of patients included in the CARP tri al had single- or two-vessel 
disease with a preserved left ventricular function, and suffi  cient cardio-protection by 
medical therapy (β-blockers in 85% of all patients, aspirin in 72%, and statins in 53%), 
which may explain the CARP trial fi ndings. Hence, if a benefi cial eff ect of the invasive 
strategy of prophylactic revascularization is to be expected, then at least patients with 
extensive CAD should benefi t from this strategy. Th is hypothesis was evaluated in 
recently published DECREASE-V Pilot study.58 Th e total of 101 patients scheduled 
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for elective vascular surgery (AAA repair in 50 [50%] patients), with extensive stress-
induced ischemia on dobutamine SE (> 5 ischemic of 17 segments) or RMPS (> 3 
ischemic walls), were randomized either to pro phylactic myocardial revascularization 
(49 patients) or medical therapy (52 patients). A reduced left ventricu lar ejection 
fraction (< 35%) was observed in 43 (43%) patients. Among the patients allocated 
to preoperative coronary revascularization, CAG revealed three-vessel disease in 33 
(67%) patients and left main disease in 4 (8%). A PCI was performed in 32 patients and 
CABG in 17. Th e 30-day outcome was not improved by myocardial revascularization; 
the incidence of all-cause mortality or nonfatal myocardial infarction for patients with 
preoperative revascularization or medical treat ment only was 43% vs 33%, respectively 
(P = 0.3). Th e same was observed for the incidence of one-year com posite end points 
(revascularization group: 49% vs med ical therapy group: 44%; P = 0.48).

Based on the results of CARP and DECREASE-V Pilot trials, high-risk patients 
randomized to coronary revascularization prior to vascular surgery had no bet-
ter short- and long-term postoperative outcomes than medically treated patients. 
Th erefore, in the light of these fi ndings, a decision whether or not to proceed with 
coronary revascularization should be made inde pendent of the need for major vascular 
surgery.26

According to this, we can expect less serious cardiac events in patients who 
undergo EVAR. Indeed, that was proven by the two recently published studies com-
paring EVAR and open repair.

In the Dutch Randomized Endovascular Aneurysm Management (DREAM) trial, 
30-day operative mor tality rate was 4.6% in open repair and 1.2% in EVAR patients.59 
Similarly, Endovascular Aneurysm Repair (EVAR-1) trial also showed a signifi cantly 
lower 30-day mortality rate for EVAR (1.7%) compared to open repair (4.7%).60 Despite 
a clear perioperative benefi t for patients treated endovascularly in EVAR-1 and 
DREAM, both trials failed to show a benefi t in overall survival after a median follow-
up of respectively 2.9 and 1.8 years.60-61 Approximately 30-40% of late mortality in both 
trials was attributed to cardiovascular causes.

It has to be pointed out that less than a half of patients in the DREAM and 
EVAR-1 trials had a history of car diac disease (44% and 43%, respectively). To evaluate 
if EVAR is benefi cial on short-term outcome in high-risk patients with AAA in 
comparison with open repair, Schouten et al. conducted a study on 77 patients (39 
treat ed endovascularly) who had >3 risk factors and docu mented CAD by dobutamine 
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SE.62 Th e incidence of peri operative myocardial infarction or cardiovascular death was 
signifi cantly lower in patients’ receiving endovas cular repair in comparison to patients 
receiving open repair (0% vs 13%; P = 0.02). As it was pointed by the authors, the main 
limitations of this study are that it was not randomized, and that patients were selected 
for open or endovascular repair on the basis of surgeon’s preference and anatomical 
features. Th erefore, despite a clear evi dence of improved perioperative outcome, future 
ran domized studies have to clarify advantage of EVAR on long-term outcome in high-
risk patients with AAA.

Open or endovascular aneurysm repair: can we modify cardiac risk by the 

type of intervention?

Initially, endovascular aneurysm repair (EVAR) was developed as the alternative 
to open repair in patients considered not fi t enough to withstand open surgery. As 
the technology improved, EVAR has been used increasingly in patients judged fi t for 
open repair. In comparison to the open surgery, in patients undergo ing EVAR no aortic 
clamping and declamping are per formed, the procedure is done under loco-regional 
anesthesia, and in combination with reduced blood loss a more hemodynamic stable 
condition is achieved.

Practical guidelines for perioperative management in abdominal aortic 

aneurysm patients

Due to the surgical risk, AAA patients are by defi  nition never classifi ed as low-
risk patients. Clinical cardiac risk markers stated in Revised Cardiac Risk Index, 
in combination with ECG and laboratory mark ers, can truly stratify patients in 
intermediate- and high-risk population. Intermediate-risk patients can probably be 
operated without any additional non-inva sive screening, and should be treated with β-
blockers (aiming HR 60-65/min) and statins. In addition to intensive medical therapy 
with β-blockers and statins, high-risk patients should be screened non-invasively for the 
extent of underlying CAD. According to the results of non-invasive screening, patients 
will be fur ther referred for CAG if they have extensive ischemia and considered as 
potential candidates for coronary revascularization, or they can proceed to the planned 
surgery if they have mild to moderate ischemia.17

Although coronary revascularization did not show signifi cant advantages 
compared to the medical thera py in high-risk patients, it has to be considered in 
patients with unstable CAD. In patients in whom coronary revas cularization was done 
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by PCI with stents, antiplatelet therapy should only be discontinued perioperatively if 
bleeding risks with increased mortality or sequels are comparable with the observed 
cardiovascular risks after its withdrawal. Endovascular AAA repair is an reason able 
alternative to open repair in high-risk patients, because it results in reduced rates of 
perioperative car diac morbidity and mortality, a shorter initial hospital stay, and shorter 
recovery time, but it is limited only to anatomically suitable patients with infrarenal 
AAA and it is still not proved to increase long-term survival.
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INTRODUCTION

Early or late perioperative cardiovascular morbidity and mortality are among the 
major problems in patients undergoing non-cardiac surgery. It is estimated that of almost 
40 million annually performed surgical procedures in Europe, cardiovascular mortality 
occurs in 0,3%, and postoperative myocardial infarction (MI) in 1%. In a pooled analysis 
of unselected non-cardiac surgery patients over the age of 40 years, a 30-day incidence of 
postoperative cardiac events (MI and cardiac death) was 2,5%. [1] Th e rate of these events 
is even higher in vascular surgery patients (6,2%). [2] Th e true event rate of postoperative 
cardiac complications can be even higher, since most of them occurs asymptomatically, 
and depends on the type of postoperative surveillance. [3, 4][Fig. l4-l]

Th e majority of postoperative cardiac complications are caused by sudden or 
prolonged myocardial ischemia due to a primary coronary event (such as plaque 
erosion and/or rupture, fi ssuring, or dissection) or due to either increased oxygen 
demand or decreased supply (such as coronary artery spasm, coronary embolism, 
anaemia, arrhythmias, hypertension, or hypotension). [5, 6] Other major determinants 
of adverse postoperative outcome are aortic stenosis and left ventricular dysfunction. 
[7-9] Th e pathophysiology of cardiac events in those two conditions is related to an 
interaction of developing hypotension and low cardiac output during surgery, and 
possible underlying coronary artery disease (CAD).

To reduce postoperative cardiac morbidity and mortality, preoperative screening 
is of paramount importance. Th is screening involves identifi cation of potential risk 
factors, as well as diff erent noninvasive imaging modalities. In this chapter we will 
describe the current status of preoperative risk stratifi cation for patients undergoing 
non-cardiac surgery.

ESTIMATION OF CARDIAC RISK

Identifi cation of clinical risk factors, which can predict postoperative cardiac 
complications, was of a great interest for the past 30 years. For that purpose, several 
risk indices were developed, such as Goldman cardiac risk index, the Detsky modifi ed 
multifactorial risk index, Eagle’s risk score, American Society of Anesthesiologist index, 
and Canadian Cardiovascular Society index. [10-14] In direct comparison of Goldman’s, 
Detsky’s, American Society of Anesthesiologist’s, and Canadian Cardiovascular Society 
risk indices in 2035 patients, who underwent elective or urgent noncardiac surgery, 
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Gilbert et al. showed that they all performed better than chance. [15] However, no 
index was signifi cantly superior to the other. Th e recently published revision of the 
Goldman’s risk index by Lee et al, named Revised Cardiac Risk Index, substantially 
improved its predictive value. [16] By identifying 6 predictors of major postoperative 
cardiac complications (ischemic heart disease, congestive heart failure, cerebrovascular 
disease, diabetes mellitus treated with insulin, renal failure, and high risk surgery), 
this risk index stratifi es patients in 4 categories: with 0, 1,2, and > 3 risk factors. Th e 
estimated rates for postoperative major cardiac complications in each group are 0.4%, 
0.9%, 7%, and 11%, respectively. Boersma et al. validated the Lee risk index in a large 
cohort of 108.593 patients who underwent all types of non-cardiac surgical procedures, 
including vascular surgical procedures, and demonstrated a substantial improvement 
by adding the surgical risk of the various procedures. [17]

Th e American College of Cardiology (ACC) and the American Heart Association 
(AHA) guidelines on perioperative cardiovascular evaluation and care for non-
cardiac surgery provide the stepwise algorithm to preoperative cardiac assessment. 
[18] Th is algorithm uses the urgency of non-cardiac surgery, clinical risk factors, and 
patients’ functional capacity in prediction of postoperative cardiac events. Clinical risk 

Figure 14-1 Th e incidence of peri operative cardiac events in non-cardiac surgery. [4]
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factors are divided in three categories: major, intermediate, and minor risk factors. 
[Table 14-1] In diff erence to the previous edition of these guidelines, the category of 
intermediate risk factors is substituted by the risk factors included in Revised Cardiac 
Risk Index, with the exclusion of the type of surgery, which is incorporated elsewhere 
in the algorithm. Th e fi rst step in this algorithm is to determine the urgency of non-
cardiac surgery. Patients needing emergency non-cardiac surgery should proceed to 
surgery without the delay of additional cardiac evaluation, with the instructions for 
postoperative surveillance and risk factor management. Th e next steps refer to the 
patients considered for elective non-cardiac surgery:

a)  In the presence of active cardiac conditions the surgery should be canceled or 
delayed until the cardiac problem has been clarifi ed and treated appropriately.

b)  Patients scheduled for the low risk surgery (reported cardiac risk generally 
< 1%) and good functional capacity, or diminished functional capacity but no 
risk factors, should proceed with planned surgery.

c)  Patients scheduled for intermediate risk surgery (reported cardiac risk generally 
1-5%) or high risk surgery (reported cardiac risk generally > 5%), with poor 

Table 14-1 Clinical predictor of increased perioperative cardiovascular risk [18]
Major predictors – active cardiac conditions

 Unstable coronary syndromes
 Unstable or severe angina
 Recent MI

 Decompensated heart failure
 Signifi cant arrhythmias
 Severe valvular disease

Intermediate predictors*
 History of heart disease
 History of compensated or prior heart failure
 History of cerebrovascular disease
 Diabetes mellitus
 Renal insuffi  ciency

Minor predictors
 Advanced age (> 70 years)
  Abnormal ECG (left ventricular hypertrophy, left bundle-branch block,
ST-T abnormalities

 Rhythm other than sinus
 Severe valvular disease

*Clinical risk factors from the Revised Cardiac Risk Index, except type of surgery
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or unknown functional capacity and 1-2 clinical risk factors, should proceed 
with the planned surgery with tight heart rate control using beta-blockers, or 
to preoperative testing if that will change management; the same refer to the 
patients scheduled for intermediate risk surgery, poor or unknown functional 
capacity, and > 3 risk factors.

d)  Patients scheduled for high risk surgery (reported cardiac risk generally > 5%), 
poor or unknown functional capacity, and > 3 risk factors should be considered 
for preoperative testing if it will change management.

ADDITIONAL TESTING

Further cardiac testing is warranted only if the test results will change perioperative 
management. Beside that preoperative noninvasive testing increases cost of treatment of 
non-cardiac surgery patients, it also might delay surgery and run the risk of. Although 
there is no doubt that high-risk patients (> 3 risk factors and poor functional capacity) 
should be further evaluated by noninvasive testing, the question whether or not it can 
be omitted in intermediate-risk patients (1 or 2 risk factors) remains open. Recently 
published Dutch Echocardiographic Cardiac Risk Evaluation Applying Stress Echo II 
(DECREASE II) study tried to resolve this dilemma. [3] Of 1.476 screened vascular 
surgery patients treated with beta-blockers, 770 were identifi ed to be of intermediate-risk 
for postoperative major cardiac events. Th ese patients were randomly assigned to cardiac 
stress-testing (n = 386) or no testing. Test results were used to optimize perioperative 
cardiac care, including optimal heart rate (HR) control in patients with ischemia below 
the ischemic HR threshold, and coronary revascularization was considered in those 
with extensive ischemia on test (> 5 left ventricular segments). All patients proceeded 
to planned vascular surgery with P-blocker therapy aiming at a HR of 60 to 65 beats per 
minute. Study results showed that patients assigned for no testing had the same incidence 
of primary endpoints (cardiac death or nonfatal MI) as those assigned for testing (1.8% vs. 
2.3%; P = 0.62), and waited for the vascular surgery intervention almost 3 weeks less.

Several imaging modalities can be used for the additional preoperative testing, 
such as stress echocardiography (SE), myocardial perfusion scintigraphy (MPS), cardiac 
computed tomography (CCT), and cardiac magnetic resonance (CMR).

Stress echocardiography

Th is diagnostic method is based on the enhancement of myocardial oxygen 
demand and subsequent ischemia by infusion of incremental doses of dobutamine, 
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which increases myocardial contractility and heart rate. Commenced contractile 
dysfunction in ischemic myocardial segments is assessed by echocardiography as wall 
motion abnormalities. [Figure 14-2] Numerous studies showed stress echocardiography 
as predictive for short- and long-term perioperative cardiac events, with a high 
negative and moderate positive predictive value. [19-26] Th e most useful prognostic 
data obtained during stress echocardiography are ischemic threshold (i.e., the cardiac 
workload necessary to induce myocardial ischemia), extent and severity of wall motion 
abnormalities. Th e test results are limited in patients on β-blocker therapy (diminished 
HR response), and in those with bad image quality.

Figure 14-2  Dobutamine stress echocardiography. Quad-screen format of apical 3-chamber 
view, end-systolic frames at baseline (upper left), low dose (upper right), peak 
dose (lower left) and recovery (lower right). At low dose, there is increased systolic 
wall thickening in all segments indicating improvement in contractility. At peak 
dose, akinesis of distal septum and apex can be noted; arrows indicate region 
with absent wall thickening, consistent with ischemic response.

(Image courtesy Aleksandar N. Neskovic, MD, Department of Cardiology, Clinical Hospital Center 
“Zemun”, Belgrade, Serbia)
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Myocardial perfusion scintigraphy

Diminished blood fl ow through the stenotic coronary arteries can be diagnosed 
using of small amounts of intravenously administered radioactive tracers such as 
thallium-201 or technetium 99-m. Perfusion defects are more obvious if recorded 
during exercise or pharmacologic stress, and can be classifi ed as reversible (ischemia) 
or fi xed (scar). [Figure 14-3] Th is diagnostic technique has been extensively studied 
in the setting of preoperative risk assessment, showing its high sensitivity but low 
specifi city in predicting postoperative cardiac complications. [27-30] Th e likelihood of 
peri operative complications is higher with reversible perfusion defects, and increases 
with its extent. [31]

Figure 14-3  Dipyridamole thallium-201 myocardial perfusion scintigraphy. Lower images 
are taken at rest, and upper images during dipyridamole stress. Th e arrows 
indicate the presence of reversible perfusion defect in the lateral wall.

(Images courtesy Jeroen J. Bax, MD, Department of Cardiology, Leiden University Medical Center, 
Leiden, the Netherlands.)
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Cardiac computed tomography

In the past decade, cardiac computed tomography (CCT) emerged as reliable 
diagnostic method for the assessment of CAD, coronary artery anatomy, and cardiac 
function. [Figures 14-4 and 14-5] Constant technological improvements in the fi eld of 
CCT (introduction of dual-source and 256-slice CTs) impose it as excellent alternative 
to standard coronary angiography in selected group of patients. Studies investigating 
the accuracy of CCT in detection of obstructive CAD report its sensitivity, specifi city, 
positive and negative predictive value to be 94-99%, 95-97%, 76-97%, and 93-99%, 
respectively. [32, 33] In regard to high specifi city of CCT reported, it appears as 
an excellent diagnostic modality for excluding CAD. In diff erence to conventional 
coronary angiography, CCT allows the assessing of atherosclerotic plaque morphology 

Figure 14-4  Cardiac computerized tomography. Coronary angiography in patient with 
bilateral aorto-illiacal stenosis and previously performed percutaneous coronary 
intervention with placement of two stents in right coronary arery. Both stents 
are of good patency (lower left and right panels). Stenosis of the left descending 
coronary artery of 50% is indicated by the arrow (upper right panel).

(Image courtesy Dragan Sagic, MD, Department of Cardiology, Dedinje Cardiovascular Institute, 
Belgrade, Serbia)
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and identifying unstable plaques. [34, 35] Th e assessment of plaque morphology may 
have an important role in identifying patients who are at greater perioperative risk 
for adverse cardiac events. Cardiac computed tomography also showed high accuracy 
in assessing coronary artery graft and stent patency. [36-39] Nevertheless, there are 
certain limitations to the use of CCT in those settings which can lead to the diminished 
quality of the images of the grafts and implanted stents (i.e., presence of surgical clips, 
calcifi cations, and metallic artifacts). Although two-dimensional echocardiography will 
remain the preferred tool in preoperative assessment of global left ventricular function 
and wall motion, CCT showed as accurate tool for this purposes. [40]

Th ere are certain limitations of CCT that can not be ignored. Image acquisition 
is highly dependent on heart rhythm and rate (motion artifacts), amount of coronary 
calcium, and it requires exposing of patients to relatively high radiation dose. Above 
all, the cost of the CCT equipment is higher in comparison to other easily available 
noninvasive imaging modalities, i.e. echocardiography. In the light of these limitations 
remains the question who is the candidate for preoperative testing with CCT. To 
our opinion, the most reasonable will be to use CCT in defi ning of peri operative 
risk in patients who have positive or equivocal non-invasive cardiac stress tests, i.e. 
dobutamine SE or MPS.

Figure 14-5  Cardiac computed tomography. 3-D reconstruction of coronary angiography in 
the same patient.

(Image courtesy Dragan Sagic, MD, Department of Cardiology, Dedinje Cardiovascular Institute, 
Belgrade, Serbia)
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Cardiac magnetic resonance

Th e particular interest for cardiac magnetic resonance (CMR) in the settings of 
preoperative risk stratifi cation is based on its’ excellent possibilities in assessment of 
ventricular function, myocardial perfusion, and coronary artery anatomy. [41-44] In 
patients who are not suitable for SE (i.e., bad images because of suboptimal acoustic 
window), stress CMR using dobutamine appears as a good alternative. Th e protocol 
for administration of dobutamine and image analysis in stress CMR is similar to 
dobutamine SE. [Figure 14-5] Studies have shown high accuracy and reproducibility of 
stress CMR in detection of wall motion abnormalities. [45, 46] In the study of Hundley 
et al., CMR showed excellent performance in predicting of future cardiac events in 
patients with inducible ischemia (hazard ratio 3.3, CI 1.1 to 9.7). [47] Th e same group 
analyzed the accuracy of stress CMR for preoperative risk assessment. [48] Of the 102 
patients referred for non-cardiac surgery (29 vascular, and 73 nonvascular), myocardial 
ischemia occurred in 25 patients during dobutamine stress CMR. Postoperative cardiac 
events (death, nonfatal MI, and congestive heart failure) developed in 5 of those patients, 
presenting a sensitivity and specifi city of CMR for the prediction of peri operative 
cardiac complications of 84 % and 78%, respectively.

Because of its noninvasive nature, superb image quality, absence of radiation and 
application of contrast media, CMR appears to be excellent cardiovascular imaging 
modality. Th e main limitations are complexity of the technique, its cost, and high 
dependency on the operator expertise.

HOW THE TEST RESULTS CAN INFLUENCE THE MANAGEMENT?

Patients with estimated intermediate – or high-risk for perioperative cardiac 
complications, with normal tests and no stress-induced myocardial ischemia should 
proceed with the planed surgery. Th e situation is more complex if the test results are 
positive and fi nal decision whether to operate with the use of optimal cardioprotective 
therapy or to perform preoperative cardiac revascularization depends mainly on the 
extent and severity of stress-induced myocardial ischemia.

Cardioprotective medical therapy – β-blockers and statins

Cardioprotective eff ect of β-blockers is based on the fact that they can diminish 
the eff ects of increased sympathetic activity in surgical patients.
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In DECREASE I trial, 112 selected vascular surgery patients with evidence of 
myocardial ischemia on preoperative dobutamine SE were randomized to receive 
placebo or bisoprolol (5-10 mg). [49] Treatment with bisoprolol was started at least 7 
days before surgery. Peri operative bisoprolol use resulted in 10-fold reduction in the 
incidence of cardiac death and myocardial infarction (3.4% vs. 34%; P < 0.001).

Maximum benefi t of β-blocker therapy in vascular surgery patients with CAD 
can be achieved only if a tight HR control is established. Th at was proved in a recently 
published study on 272 vascular surgery patients on chronic β-blocker therapy. [50] 
Higher doses of β-blockers and lower HR were associated with reduced peri operative 

Figure 14-6  Dobutamine stress cardiac magnetic resonance test. Quad-screen format of
4-chamber view, end-systolic frames at baseline (upper left), 20 μg/kg/min dose 
(upper right), 30 μg/kg/min dose (lower left) and 40 μg/kg/min (lower right) of 
dobutamine. At lower doses, there is increased systolic wall thickening in all 
segments indicating improvement in contractility. At 40 μg/kg/min dose, akinesis 
of apex and lateral wall can be noted; arrows indicate region with absent wall 
thickening, consistent with ischemic response.
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ischemia detected on ECGHolter monitoring (hazard ratio: 2.49; 95% confi dence interval 
[CI]: 1.79-3.48) andtroponine T release (hazaed ratio: 1.53; 95% CI: 1.16-2.03).

Th e benefi cial cardioprotective eff ect of β-blockers in non-cardiac surgery was 
questioned by the recently published PeriOperative ISchemic Evaluation (POISE) trial. 
[51] In the trial, 8.351 patients were randomly assigned to either controlled-release oral 
metoprolol-succinate or placebo. Fewer patients in the metoprolol group than in the 
placebo group had a myocardial infarction (4,2% vs. 5,7% patients; hazard ratio 0,73; 
CI = 0,60-0,89; p = 0,0017). Nevertheless, the incidence of deaths and stroke in the 
metoprolol group was higher than in the placebo group (3,1% vs. 2,3% patients; hazard 
ratio 1,33; CI = l,03-l,74; p = 0,0317 for all-cause mortality; 1,0% vs. 0,5% patients; 
hazard ratio 2,17, CI = l,26-3,74; p = 0,0053 for stroke). Th e diff erent outcomes in the 
POISE trail in comparison to those previously mentioned can be explained by diff erence 
in β-blockers dosing regimes. Unusually high starting dose of metoprolol-succinate in 
the POISE trial, and short initiation time of therapy before surgery, might have caused 
an unfavorable hemodynamic condition that ultimately resulted in higher incidence of 
all-cause mortality and stroke.

Regardless to the POISE trial results, current ACC/AHA guidelines recommend 
the use of peri operative β-blocker therapy, preferably long-acting agents started days 
to weeks before elective surgery.

Cardioprotective eff ect of statins is based on their so called “pleiotropic” properties 
(i.e., improving endothelial function, enhancing the stability of atherosclerotic plaques, 
decreasing oxidative stress and infl ammation, and inhibiting the thrombogenic 
response).

To evaluate the association between statin use and perioperative mortality, 
Poldermans et al. performed a case-controlled study among patients who underwent 
major vascular surgery. [52] A cardiovascular complication during the perioperative 
phase was the primary cause of death in 104 (65%) case subjects. Statin therapy 
was signifi cantly less common in cases than in controls (8% vs 25%; P < 0.001). Th e 
risk of perioperative mortality among statin users was reduced 4.5 times compared 
with nonusers (adjusted odds ratio for perioperative mortality among statin users as 
compared with nonusers was 0.22 [95% CI: 0.1 to 0.47]).

Prospective, double-blinded placebo-controlled trial by Durazzo et al., randomized 
100 patients referred for vascular surgery to either 20 mg atorvastatin or placebo for 45 
days. [53] After 6 months of follow-up, the incidence of cardiovascular events (death, 
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nonfatal MI, stroke, or unstable angina pectoris) was 3 times lower with atorvastatin 
then with placebo (8% vs. 26%; p = 0,031).

Coronary revascularization prior to non-cardiac surgery

Both percutaneous coronary intervention (PCI) and coronary artery bypass 
grafting (CABG) are evaluated in purpose of risk reduction in non-cardiac surgery 
patients.

Study of Posner et al. compared cardiac outcomes after non-cardiac surgery 
in patients with prior percutaneous coronary intervention (PCI), patients with non-
revascularized CAD and normal controls. [54] Th e results showed that patients treated 
with PCI within 90 days of non-cardiac surgery had a similar incidence of peri operative 
events to matched patients with CAD who had not been revascularized. Patients who 
underwent non-cardiac surgery more than 90 days after PCI had a lower risk of cardiac 
events than non-revascularized patients, but not as low as normal controls. However, 
the eff ect of revascularization was limited to a reduction in the incidence of angina 
pectoris and congestive heart failure, and there was no reduction in the incidence of 
death and nonfatal MI. Apart from these fi ndings, it is also important to note that if 
PCI procedure and coronary stent placement are performed < 6 weeks before major 
non-cardiac surgery, the risk of peri operative coronary thrombosis or major bleeding 
complications may be substantially increased. [55, 56]

Recently published prospective randomized Coronary Artery Revascularization 
Prophylaxis (CARP) trial comprised 510 patients who where scheduled for elective major 
vascular surgery, and were selected for preoperative CAG if a cardiology consultant 
considered that there was an increased risk for a perioperative cardiac complications. 
[57] Patients with at least 70% stenosis of one or more major coronary arteries were 
randomized to receive either preliminary coronary revascularization (PCI: n = 141;

CABG: n = 99) plus medical management or medical management alone in 
conjunction with their elective vascular procedure. Th e study did not fi nd diff erence in 
30-days mortality rate between patients who had coronary revascularization prior to 
vascular surgery and those who were treated medically (3.1% vs. 3.4%; p = 0.87). Th e 
rate of perioperative nonfatal myocardial infarction as detected by troponin elevation 
also did not diff er in coronary revascularization patients and patients treated medicaly 
(11.6% vs 14.3%; p = 0.37). Additionally, the late survival rates at median follow-up of 
2.7 years did not diff er signifi cantly between the patients who were assigned to have 
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preliminary coronary intervention and those who were not (78% vs 77%). Furthermore, 
the results of this trial also indicated that coronary revascularization prior to vascular 
surgery was associated with delay or cancellation of the required vascular operation.

However, CARP trial fi ndings may be explained by the fact that the vast majority 
of included patients had single- or two-vessel disease with a preserved left ventricular 
function, and suffi  cient cardio-protection by medical therapy β-blockers in 85% of all 
patients, aspirin in 72%, and statins in 53%). Hence, if a benefi cial eff ect of the invasive 
strategy of prophylactic revascularization is to be expected, then at least patients with 
extensive CAD should benefi t from this strategy. Th is hypothesis was evaluated in 
recently published DECREASE-V Pilot study. [58] Th e total of 101 patients scheduled 
for elective vascular surgery, with extensive stress-induced ischemia on dobutamine 
SE (≥ 5 ischemic of 17 segments) or MPS (≥ 3 ischemic walls), were randomized either 
to prophylactic myocardial revascularization (49 patients) or medical therapy (52 
patients). A reduced left ventricular ejection fraction (< 35%) was observed in 43 (43%) 
patients. Among the patients allocated to preoperative coronary revascularization, 
CAG revealed three-vessel disease in 33 (67%) patients and left main disease in 4 
(8%). A PCI was performed in 32 patients and CABG in 17. Th e 30-day outcome was 
not improved by myocardial revascularization; the incidence of all-cause mortality 
or nonfatal MI for patients with preoperative revascularization or medical treatment 

Table 14-2 Surgery-specifi c risk of peri operative cardiac events in noncardiac surgery [18]

Estimated risk Type of surgery

High
(> 5%)

• Aortic and other type of major vascular surgery
•  Any other surgical procedure associated with large

fl uid shifts and/or blood loss

Intermediate
(1-5%)

• Carotid endarterectomy
• Head and neck surgery
• Orthopedic surgery
• Prostate surgery

Low
(< 1%)

• Endoscopic procedures
• Superfi cial procedures
• Cataract surgery
• Breast surgery
• Ambulatory surgery
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only was 43% vs. 33%, respectively (p = 0.3). Th e same was observed for the incidence 
of one-year composite end points (revascularization group: 49% vs medical therapy 
group: 44%; p = 0.48).

Potentially harmful eff ect of coronary revascularization in high-risk non-cardiac 
surgery patients might arise from two reasons: a) the delaying of planed non-cardiac 
surgery, and b) higher cumulative risk of both coronary revascularization and non-
cardiac surgery then non-cardiac surgery alone. Current ACC/AHA guidelines 
recommend prophylactic coronary revascularization in non-cardiac surgery patients 
only for cardiac unstable patients.

CONCLUSION

Clinical cardiac risk markers, together with the type and urgency of planed surgery, 
can truly stratify patients in intermediate- and high-risk population. Intermediate-risk 
patients can probably be operated without any additional noninvasive screening, and 
should be treated with β-blockers (aiming HR 60-65/min) and statins. In addition to 
intensive medical therapy with P-blockers and statins, high-risk patients should be 
screened noninvasively for the extent of underlying CAD if that will change treatment 
management. Th e choice of the test should be based on the centers’ experience and 
short-term availability. Although coronary revascularization did not show signifi cant 
advantages compared to the medical therapy in high-risk patients, it has to be considered 
in patients with unstable CAD. In patients in whom coronary revascularization was done 
by PCI with stents, antiplatelet therapy should only be discontinued perioperatively if 
bleeding risks with increased mortality or sequels are comparable with the observed 
cardiovascular risks after its withdrawal.
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ABSTRACT

Objective Th e aim of this study is to determine the prevalence and prognosis of 
unrecognized myocardial infarction (Ml) and silent myocardial ischemia in vascular 
surgery patients.

Methods In a cohort of 1092 patients undergoing preoperative dobutamine stress 
echocardiography and noncardiac vascular surgery, unrecognized Ml was determined 
by rest wall motion abnormalities in the absence of a history of Ml. Silent myocardial 
ischemia was determined by stress-induced wall motion abnormalities in the absence 
of angina pectoris. Beta blockers and statins were noted at baseline. During follow-
up (mean: 6±4 years), all-cause mortality and major cardiac events (cardiac death or 
nonfatal Ml) were noted.

Results Th e prevalence of unrecognized Ml and silent myocardial ischemia was 
23 and 28%, respectively. Both diabetes and heart failure were important predictors of 
unrecognized Ml and silent myocardial ischemia. During follow-up, all-cause mortality 
occurred in 45% and major cardiac events in 23% of patients. In multivariate analysis, 
unrecognized Ml and silent myocardial ischemia were signifi cantly associated with 
increased risk of mortality [hazard ratio (HR), 1.86; 95% confi dence interval (CD, 
1.53-2.25 and HR, 1.74; 95% Cl, 1.46-2.06, respectively] and major cardiac events (HR, 
2.15; 95% Cl, 1.59-2.92 and HR, 1.86; 95% Cl, 1.43-2.41, respectively). In patients with 
unrecognized Ml, p-blockers and statins were signifi cantly associated with improved 
survival. Statins improved survival in patients with silent myocardial ischemia.

Conclusions In patients undergoing major vascular surgery, unrecognized Ml 
and silent myocardial ischemia are highly prevalent (23 and 28%) and associated with 
increased long-term mortality and major cardiac events. Coron Artery Dis 18:571 -576 
© 2007 Wolters Kluwer Health | Lippincott Williams & Wilkins.

Key words: asymptomatic coronary artery disease, noninvasive stress testing, 
prevalence, prognosis, vascular surgery
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INTRODUCTION

Since 1919, cardiovascular disease has been the single leading cause of death 
in the United States and is the underlying or contributing cause of death in about 
58% of all cases [1]. Cardiac complications also remain the leading cause of morbidity 
and mortality in patients undergoing major vascular surgery. Perioperative cardiac 
complication rates in vascular surgery patients have been reported to range from 2.2 
to 19.0% [2]. Th e high frequency of perioperative cardiac complications refl ects the 
high prevalence of underlying coronary artery disease. Indeed, coronary angiographic 
abnormalities have been reported in up to 92% of patients [3]. Patients with coronary 
artery disease, however, may not always present with a history of myocardial infarction 
(MI) or with symptoms of angina pectoris [4,5]. Unfortunately, the prevalence and 
prognosis of these patients with asymptomatic coronary artery disease is not well 
known. In view of the many major vascular surgery procedures performed annually, 
routine screening for asymptomatic coronary artery disease may be recom mended to 
identify high-risk patients who may benefi t from medical treatment.

Dobutamine stress echocardiography is a widely used noninvasive technique for 
the detection of coronary artery disease. Regional wall motion abnormal ities during 
rest signify infarcted myocardial tissue and wall motion abnormalities during stress 
testing signify myocardial ischemia. Th is study reports the prevalence and long-term 
prognosis of unrecognized MI and silent myocardial ischemia in 1092 patients who 
underwent preoperative dobutamine stress echocardio graphy and major vascular 
surgery. In addition, the eff ect of chronic β-blocker and statin therapy on survival in 
patients with asymptomatic coronary artery disease was evaluated.

METHODS

Patient population

A total of 1092 patients who underwent major none-mergent noncardiac vascular 
surgery at the Erasmus Medical Center in Rotterdam, Th e Netherlands, were enrolled 
in this study from April 1990 to January 2004. In all patients, a preoperative dobutamine 
stress echocardio-graphy was performed to detect the presence and extent of coronary 
artery disease. Th e study protocol was approved by the Hospital’s Ethics Committee 
and all patients gave informed consent. Before surgery, patients were screened for the 
following cardiac risk factors: age over 70 years, angina pectoris, prior MI on the basis 
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of history or a fi nding of pathologic Q waves on electro-cardiography, compensated 
congestive heart failure or a history of congestive heart failure, drug therapy for 
diabetes mellitus, renal dysfunction and prior stroke or transient ischemic attack. Th e 
use of cardiac medication was recorded and chronic use was ascertained if medica tion 
was documented at least 1 month before surgery and at hospital discharge.

Dobutamine stress echocardiography

Patients underwent a resting two-dimensional precordial echocardiographic 
examination and standard apical and parasternal views were recorded on videotape. 
Dobuta mine hydrochloride was administered intravenously with an infusion pump 
with incremental doses of 10 (μg/kg/min every 3 min to a maximum of 40 (μg/kg/min
(stage 4) and continued for 6 min. Th e dobutamine infusion was stopped if a target 
heart rate was achieved [85% of a theoretic maximal heart rate; men: (220-age) x 85%; 
women: (200-age) x 85%]. If the target heart rate was not achieved and patients had no 
symptoms or signs of ischemia, atropine sulfate (starting with 0.25 mg and increased 
to a cumulative maximum of 2.0 mg) was given intravenously at the end of stage 4 
whereas the dobutamine administration was continued. During the test, a 12-lead 
electrocardiogram was recorded at baseline and every minute. Blood pressure was 
measured by sphygmomanometry every 3 min. Metoprolol was admin istered (1.0-5.0 
mg intravenously) to reverse the side eff ects of the administration of dobutamine or 
the dobutamine–atropine combination if the side eff ects did not revert spontaneously 
and quickly. Atropine was administered as an antidote if bradycardia and hypoten sion 
occurred. Th e criteria for stopping the test were: (i) severe new echocardiographic 
wall motion abnormal ities in multiple locations, (ii) horizontal or downsloping 
electrocardiographic ST depression of ≥ 0.2 mV mea sured 80 ms after the J point, or 
ST-segment elevation of ≥ 0.2 mV in the absence of Q waves, (iii) symptomatic decline 
in systolic blood pressure of more than 40 mmHg from the resting value, or a systolic 
blood pressure of less than 100 mmHg, (iv) hypertension (blood pressure > 240/140 
mmHg), (v) the occurrence of cardiac arrhyth mias, (vi) severe angina pectoris and (vii) 
intolerable adverse side eff ects, considered to be the result of dobutamine or atropine.

Assessment of echocardiographic images

Off -line assessment of echocardiographic images was performed by two 
experienced investigators without knowledge of the patient’s clinical data but with 
knowl edge of the doses of dobutamine and atropine used. From 1990 to 1993, the left 
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ventricle was divided into 14 segments and wall motion was scored on a 4-point ordinal 
scale [6]. After 1993 a 16-segment 5-point score was used [7]. MI was considered in 
the presence of rest wall abnormalities. Myocardial ischemia was considered if new 
wall motion abnormalities occurred (i.e. if wall motion in any segment worsened by 
≥ 1 grade(s) during the test, with the exception of akinesis becoming dyskinesis). For 
each patient, a wall motion score index (total score divided by the number of assessable 
segments) was calculated at rest and during peak stress. Th e extent of ischemia was 
defi ned as the number of segments exhibiting deteriorating wall motion during stress. 
When there was disagreement between the two assessors, a third investigator viewed 
the images without knowledge of the previous assessments and a majority decision 
was reached. Unrecognized MI was defi ned as rest wall motion abnormalities in the 
absence of a history of MI. Silent myocardial ischemia was defi ned as stress-induced 
wall motion abnormalities in the absence of a history of angina pectoris or complaints 
during stress test.

Follow-up

Study endpoints were death and cardiac events (compo site of cardiac death and 
nonfatal MI) during long-term follow-up after successful vascular surgery. Information 
on mortality and cause was obtained by contacting the referring physician or by 
approaching the municipal civil registry to determine survival status. In patients who 
died, death certifi cates and autopsy reports were reviewed and general practitioners 
were approached to ascertain the cause of death. Cardiac death was defi ned as death 
caused by acute MI, cardiac arrhythmias, con gestive heart failure or sudden death. 
Nonfatal MI was diagnosed when at least the following were present: elevated cardiac 
enzyme levels, development of new Q waves (> l mm or > 30 ms), and typical symptoms 
of angina pectoris. No patients were lost to follow-up.

Data analysis

Continuous data were expressed as mean (± SD) and compared using the Student’s 
t-test. Categorical data were compared using the χ2 test. A fi nal set of independent 
and signifi cant predictors of asymptomatic coronary artery disease was obtained by 
multivariate logistic regression analysis with stepwise deletion of the least signifi cant 
variable. Only variables with a P value ≤ 0.10 were retained in the model. Th e Kaplan-
Meier method with the log-rank test was used to assess diff erences in survival between 
patient groups. Cox proportional hazard regression analysis was used to evaluate the 
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long-term prognostic value of asymptomatic coronary artery disease. In multivariate 
analysis, adjust ments were made for age, sex, diabetes, heart failure, cerebrovascular 
disease, hypertension and cardiovascular medication. Th e risk associated with a given 
variable was expressed by a hazard ratio (HR) with corresponding 95% confi dence 
interval (CI). For all tests, a P value less than 0.05 (two-sided) was considered signifi cant. 
All analyses were performed using SPSS statistical software (Chicago, Illinois, USA).

RESULTS

Baseline characteristics of the study population are presented in Table 1. A total 
of 371 patients (34%) presented with a history of MI, 178 patients (16%) had angina 

Table 1 Baseline characteristics of patients undergoing major vascular surgery
n = 1092

Age (years) 64±15
Sex (male) 848 (78%)
Length (cm) 171 ±9
Body mass index (kg/m2) 25±4
History of angina pectoris 1 78 (16%)
History of myocardial infarction 371 (34%)
Coronary artery disease 446 (41%)
History of congestive heart failure 65 (6%)
Hypertension 491 (45%)
Smoking 331 (30%)
Hypercholesterolemia 205 (19%)
Diabetes mellitus 124 (11%)
Chronic obstructive pulmonary disease 202 (18%)
Renal insuffi  ciency 73 (7%)
Angiotensin converting enzyme inhibitor 296 (27%)
Aspirin 270 (25%)
Beta blockers 289 (35%)
Calcium antagonist 296 (36%)
Coumarin 21 2 (19%)
Digitalis 41 (4%)
Diuretic 1 69 (15%)
Nitrates 241 (22%)
Statins 286 (26%)

Values are expressed as mean ±SD or number and percentage.
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pectoris and 446 patients (41%) presented with symptomatic coronary artery disease. 
During stress echocardiography, the maximum dobutamine dose was 36 μg/kg/min 
and atropine was administered in 30%. Th e test was terminated for the following 
reasons: achieve ment of the target heart rate in 89%, maximal dobuta-mine/atropine 
dose in 3%, ST-segment changes in 3%, abnormal blood pressure in 1%, arrhythmias 
in 1%, severe angina in 1% and for other symptoms in 2%. No fatal complications were 
observed. Rest wall motion abnorma lities were observed in 533 patients (49%) and new 
wall motion abnormalities in 399 (37%).

Prevalence and predictors of asymptomatic coronary artery disease

Unrecognized MI and silent myocardial ischemia were detected in 255 (23%) 
and 309 (28%) patients, respectively. Th e incidence of unrecognized MI and silent 
myocardial ischemia was signifi cantly higher in patients with diabetes (34 and 41%, 
respectively) (Fig. 1). Th e rest 
wall motion score index in 
patients with unrecognized 
MI was comparable with the 
rest wall motion score index 
in patients with a recognized 
MI (1.52 vs. 1.48, respectively, 
P = 0.4). Th e wall motion 
score index at peak stress 
between patients with silent 
and symptomatic myocardial 
ischemia was comparable 
(1.52 vs. 1.61, respectively, 
P = 0.1). Th e extent of 
ischemia between patients 
with silent and symptomatic 
myocardial ischemia was 
also comparable (4.9 vs. 
4.8 segments, respectively,  
P = 0.7). As demonstrated 
in Table 2, a history of heart 
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failure and diabetes were strong predictors of unrecognized MI and silent myocar dial 
ischemia.

Prognosis of asymptomatic coronary artery disease

During a mean follow-up of 6 ± 4 years, all-cause mortality and cardiac events 
occurred in 491 patients (45%) and 253 patients (23%), respectively. Kaplan-Meier 
analysis showed that patients with unrecognized MI (P < 0.001) and silent myocardial 
ischemia (P < 0.001) had a worse survival compared with patients with no symptoms 
or signs of coronary artery disease. In multivariate analysis, unrecog nized MI and 
silent myocardial ischemia remained signifi cantly associated with increased all-cause 
mortality and cardiac events (Table 3).

Prognostic value of stress echocardiography in symptomatic coronary 

artery disease

Multivariate analysis revealed that rest wall motion abnormalities were associated 
with increased all-cause mortality (HR, 1.52; 95% CI, 1.16-1.99) and cardiac events (HR, 
1.56; 95% CI, 1.09-2.23) in patients with a history of MI. Stress-induced wall motion 
abnormalities were associated with increased all-cause mortality (HR, 1.83; 95% CI, 
1.35-2.49) and cardiac events (HR, 1.90; 95% CI, 1.27-2.83) in patients with a history 
of angina pectoris. Either rest or new wall motion abnormalities were associated with 
increased all-cause mortality (HR, 1.43; 95% CI, 1.16-1.76) and cardiac events (HR, 
1.44; 95% CI, 1.08-1.88) in patients with a history of MI or angina pectoris.

Table 2  Independent predictors of unrecognized myocardial infarction (a) and silent 
myocardial ischemia (b) in patients undergoing major vascular surgery

Odds ratio 95% Confi dence
interval P value

(a) Unrecognized myocardial infarction (n = 255)
History of heart failure 7.88 2.16-28.74 0.002
Diabetes mellitus 2.28 1.34-3.88 0.002
C-index < 0.001
(b) Silent myocardial ischemia (n = 397)
Renal failure 1.88 1.09-3.23 0.02
History of heart failure 4.40 2.18-8.87 < 0.001
Diabetes mellitus 1.83 1.20-2.79 0.005
C-index < 0.001
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Chronic beta blocker and statin therapy

Multivariate analysis showed that β-blockers were signi fi cantly associated with 
a lower mortality rate in subgroups of patients with unrecognized MI, compared with 
patients with no β-blockers (Table 4). Statins were associated with a lower mortality 
rate in subgroups of patients with unrecognized MI and silent myocardial ischemia, 
compared with patients with no statins (Table 4).

Table 3  Prognostic value of unrecognized myocardial infarction and silent myocardial 
ischemia in patients undergoing major vascular surgery

Long-term mortality
(n = 491)

Long-term cardiac
events (n = 253)

No myocardial infarction (reference) 1.0 1.0
Unrecognized myocardial infarction 1.86 (1.53-2.25) 2.15 (1.59-2.92)
Recognized myocardial infarction 1.99 (1.70-2.33) 3.08 (2.42-3.92)
No myocardial ischemia (reference) 1.0 1.0
Silent myocardial ischemia 1.74 (1.46-2.06) 1.86 (1.43-2.41)
Symptomatic myocardial ischemia 1.42 (1.17-1.75) 1.80 (1.35-2.40)

Values are expressed as hazard ratio with 95% confi dence interval. All associations were entered in 
multivariate analysis with adjustment for baseline clinical risk factors and chronic medication use.

Table 4  Association between p-blockers and long-term mortality among patients with 
unrecognized myocardial infarction and silent myocardial ischemia

Chronic
β-blocker 
therapy 

(%)

Beta blockers 
and long-term 

mortality
(n = 491)

Chronic 
statin 

therapy 
(%)

Statins and 
long-term 
mortality
(n = 491)

No myocardial infarction 
(reference) 22 0.80 (0.45-1.41) 23 0.43 (0.26-0.71)

Unrecognized myocardial 
infarction 43 0.46 (0.27-0.81) 28 0.44 (0.23-0.85)

Recognized myocardial 
infarction 47 0.59 (0.39-0.91) 28 0.26 (0.16-0.45)

No myocardial ischemia 
(reference) 22 0.70 (0.47-1.06) 24 0.42 (0.27-0.64)

Silent myocardial ischemia 52 0.59 (0.33-1.05) 29 0.32 (0.19-0.54)
Symptomatic myocardial 
ischemia 43 0.52 (0.24-1.09) 28 0.30 (0.11-0.86)

Values are expressed as hazard ratio with 95°/o confi dence interval. All associations were entered in 
multivariate analysis with adjustment for baseline clinical risk factors.
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DISCUSSION

Prevalence

We found that vascular surgery patients with asympto matic coronary artery 
disease are an underestimated risk group. Unrecognized MI and silent myocardial 
ischemia was detected in 23 and 28% of patients, respectively. Th e prevalence of 
unrecognized MI and silent myocardial ischemia was considerably higher in patients 
with diabetes (34 and 41%, respectively). Th is suggests a later clinical manifestation 
of coronary artery disease in patients with diabetes, compared with patients with no 
diabetes. Interestingly, abnormalities during cardiac testing were comparable between 
patients with and without symptomatic disease. Th us, the absence of symptoms does not 
imply less coronary artery disease severity. A high prevalence of asymptomatic coronary 
artery disease is not uncommon in the general population. Among participants in the 
Framingham Study with MIs, around 25% presented with electrocardiographic abnorm-
alities suggestive of MI without recollection of any relevant discomfort or symptoms 
compatible with infarc tion [4]. Among asymptomatic type 2 diabetic patients, 22% 
presented with silent myocardial ischemia as detected by cardiac stress testing [8].

Prognosis

Unrecognized MI and silent myocardial ischemia have now been recognized 
as clinical syndromes within the spectrum of coronary artery disease. Our results 
showed that the prognosis of asymptomatic coronary artery disease was as poor as the 
prognosis of patients with symptomatic coronary artery disease. Th e ultimate goal of 
surgery in patients with vascular disease is to improve symptoms and prognosis. Many 
studies have focused on the reduction of mortality and morbidity during hospital stay 
and their fi ndings have resulted in helpful recom mendations on perioperative care [9]. 
Unfortunately, guidelines on clinical management after successful hospital discharge 
are limited, although many patients remain at increased risk of adverse late events. 
Screening for asymptomatic coronary artery disease is still con troversial. Stress testing 
may infl uence patient manage ment and long-term outcome. When optimal medical 
therapy is, however, provided routine noninvasive testing may not infl uence patient 
management [9]. Th e COURAGE trial, for example, demonstrated that in patients with 
stable coronary artery disease, percutaneous coronary intervention did not reduce the 
risk of death, MI or other major cardiovascular events when added to optimal medical 
therapy [10].
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Stress echocardiography in symptomatic coronary artery disease

Stress echocardiography has been demonstrated to be a useful method for 
prognostic risk assessment in patients undergoing major vascular surgery. Patients with 
sympto matic coronary artery disease have a high pretest probability of coronary artery 
disease. According to the Bayes theorem, a normal stress test result in these patients 
only modestly reduces the posttest probability of coronary artery disease [11]. In this 
study, dobutamine stress echocardiography added independent prognostic information 
in patients with a history of angina or MI and with a high pretest probability of coronary 
artery disease. Symptomatic patients with stress-induced myocardial ischemia had 
a higher risk of death and hard cardiac events, whereas in patients with a normal 
dobutamine stress echocardiography the incidence of events was substantially lower. 
Th ese fi ndings indicate that sympto matic patients with negative dobutamine stress 
echocardio graphy fi ndings can be exempted from further (invasive) evaluation unless a 
change in clinical status occurs. Th ose with positive fi ndings may benefi t from further 
cardiac evaluation with appropriate management.

Medical treatment

As patients with asymptomatic coronary artery disease are at similar mortality 
risk as symptomatic patients, cardioprotective strategies should be considered in all 
asymptomatic patients who successfully underwent major vascular surgery. Previous 
studies have demonstrated that statins reduce cardiovascular events during perioperative 
and long-term follow-up [12,13]. Beta blockers have been demonstrated to eff ectively 
protect against the life-threatening complications of coronary artery disease in 
postinfarct patients [14] and in those with heart failure [15]. In this study, a protective 
eff ect of statins was observed in both symptomatic and asymptomatic disease patients. 
Beta blockers were signifi cantly protective in patients with unrecognized or recognized 
MI, and nonsignifi cantly in patients with silent myocardial ische mia. It should be noted 
that no decisive evidence has been published in literature which demonstrates that β-
blockers improve survival in patients with angina, except for its eff ect on symptomatic 
relief and blood pressure reduction [16].

Study limitations

No angiography was performed in this study. Th erefore, the prevalence and 
prognosis of asymptomatic angio-graphic coronary artery stenosis cannot be 
described. Second, although physicians can be confi dent about the interpretation of 
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the echocardiographic images, misinter pretation of wall motion abnormalities can still 
occur. Excellent technical performance and diagnostic accuracy of dobutamine stress 
echocardiography for coronary artery disease have, however, been reported previously 
[17]. Finally, the data apply to patients referred to a tertiary referral center in Western 
Europe. Th ese patients may have a diff erent cardiovascular risk profi le compared with 
patients referred to primary or secondary referral centers.

SUMMARY

Th e prevalence of unrecognized MI and silent myocardial ischemia in patients 
undergoing major vascular surgery was 23 and 28%, respectively. Both diabetes and 
heart failure were important predictors of asymptomatic coronary artery disease. 
Abnormalities during cardiac testing were comparable between symptomatic and 
asymptomatic patients. Th e prognosis of patients with asymptomatic disease was 
similar to the prognosis of patients with symptomatic disease and was distinctively 
worse than that of patients without coronary artery disease. Not only symptomatic 
patients, but also patients with asymptomatic coronary artery disease may benefi t from 
cardiovascular medication.
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ABSTRACT

Th is study examines diff erences in cardiac arrhythmias, perioperative myocardial 
ische mia, troponin T release, and cardiovascular events between endovascular and 
open repair of abdominal aortic aneurysms (AAAs). Of 175 patients, 126 underwent 
open AAA repair and 49 underwent endovascular AAA repair. Continuous 12-
lead electrocardiographic monitoring, starting 1 day before surgery and continuing 
through 2 days after surgery, was used for cardiac arrhythmia and myocardial ischemia 
detection. Troponin T was measured on postoperative days 1, 3, and 7 and before 
discharge. Cardiac events (cardiac death or Q-wave myocardial infarction) were noted 
at 30 days and at follow-up (mean 2.3 years). New-onset atrial fi brillation, nonsustained 
ventricular tachycardia, sustained ventricular tachycardia, and ventricular fi brillation 
occurred in 5%, 17%, 2%, and 1% of patients, respectively. Myocardial ischemia, troponin 
T release, and 30-day and long-term cardiac events occurred in 34%, 29%, 6%, and 10% 
of patients, respectively. Signifi cantly higher heart rates and less heart rate variability 
were observed in the open AAA repair group. Cardiac arrhythmias were less prevalent 
in the endovascular AAA repair group (14% vs 29%, p = 0.04). Endovascular repair 
was also signifi cantly associated with less myocardial ischemia (odds ratio 0.14, 95% 
confi dence interval 0.05 to 0.40, p < 0.001) and troponin T release (odds ratio 0.10, 95% 
confi dence interval 0.02 to 0.32, p < 0.001) and lower 30-day mortality (zero vs 8.7%, 
p = 0.03) and 30-day cardiac event rates (zero vs 7.9%, p = 0.04). Long-term mortality 
and cardiac event rates were not signifi cantly lower in the endovascular AAA repair 
group. In conclusion, endovascular AAA repair is associated with a lower incidence of 
perioperative cardiac arrhythmias, myocardial ischemia, troponin T release, cardiac 
events, and all-cause mortality compared with open AAA repair. © 2007 Elsevier Inc. 
All rights reserved. (Am J Cardiol 2007;100:1479-1484)
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INTRODUCTION

Th is prospective observational study was conducted to as sess whether 
endovascular repair of abdominal aortic aneu rysms (AAAs) is associated with a lower 
incidence of peri operative myocardial ischemia, perioperative troponin T release, 
and 30-day and long-term cardiac events compared with open repair. In addition, 
perioperative heart rate, heart rate variability, and incidence of cardiac arrhythmias 
were compared between the 2 types of procedures.

METHODS

A total of 175 patients underwent elective open or endo vascular repair of 
infrarenal AAAs at the Erasmus Medical Center in Rotterdam, Th e Netherlands, from 
2002 through 2006. Th e study was performed with the informed consent of all patients 
and was approved by the hospital’s medical ethics committee. Patients with a cardiac 
pacemaker, left ventricular hypertrophy, left or right bundle branch block, or atrial 
fi brillation were excluded. Patients who partici pated in clinical intervention trials in 
or outside the Erasmus Medical Center were also excluded. At study enrollment, a 
detailed cardiac history was obtained, and patients were screened for hypertension 
(blood pressure ≥ 140/90 mm Hg), diabetes (fasting glucose level ≥ 7.0 mmol/L or 
insulin therapy), renal failure (serum creatinine level ≥ 2.0 mg/dl [177 μmol/L]), 
smoking, and history of cerebrovascular events. Beta-blocker therapy was considered 
to achieve heart rates of 60 to 65 beats/min at rest.

Before surgery, patients deemed at high risk underwent dobutamine stress 
echocardiography for the assessment of coronary artery disease. Dobutamine stress 
echocardiogra phy was performed according to established protocols. Th e left ventricle 
was divided into 17 segments, and wall motion was scored on a 5-point scale (1 = nor-
mal, 2 = mild hypokinesia, 3 = severe hypokinesia, 4 = akinesia, and 5 = dyskinesia). 
Th e results were considered positive if wall motion in any segment decreased by ≥ 1 
grade during test ing.

Surgery was performed by experienced surgeons and interventional physicians. 
Patients with an infrarenal AAA ≥ 5.5 cm in diameter on computed tomography 
were con sidered for endovascular or open aneurysm repair. Hospital guidelines 
recommended endovascular repair in patients at increased cardiac risk. However, the 
choice of procedure was left to the discretion of the vascular surgeon and was mainly 
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based on patient preference. Endovascular repair was carried out through the femoral 
route with generally available stents and protection devices. Locoregional anes thesia 
was used for endovascular AAA repair and a combi nation of locoregional and general 
anesthesia was used for open AAA repair. All patients received standard perioper-ative 
pain management. Beta-blocker therapy was contin ued postoperatively. In patients 
who were unable to take β blockers orally or by nasogastric tube, intravenous meto-
prolol was administered. Beta blockers were withheld if heart rate was <50 beats/min 
or if systolic blood pressure was < 100 mm Hg.

Patients were continuously monitored with a 10-elec-trode, 12-lead digital 
electrocardiographic recorder (DR180+ Digital Recorder; NorthEast Monitoring, 
Maynard, Massa chusetts) starting 1 day before surgery until 2 days after surgery. 
Recording lengths were 10 seconds every minute. Th e frequency response was 0.05 
to 150 Hz. Electrocardio graphic data were processed by a technician and analyzed by 
2 experienced cardiologists blinded to the patient’s clin ical data. After excluding all 
abnormal QRS complexes, the recordings were analyzed for ST-segment deviations. A 
continuous ST-segment trend was generated, and all poten tial ischemic episodes were 
identifi ed. Episodes of ischemia were defi ned as reversible ST-segment changes lasting 
>1 minute and shifting from baseline to > 0.1 mV (1 mm). Th e baseline ST-segment level 
was denned as the average ST segment during a stable period (duration of 20 minutes) 
preceding each ischemic episode. ST-segment change was measured 60 ms after the 
J point. If the J point was within the T-wave, the ST-segment change was measured 
40 ms after that point. Th e ischemic burden was calculated by multiplying ischemia 
duration by ST-segment deviation.

Troponin T levels were measured on postoperative days 1, 3, and 7; before 
discharge; and whenever clinically indi cated by electrocardiographic changes consistent 
with myo cardial ischemia or infarction. Troponin T level was mea sured by an 
electrochemiluminescence immunoassay on the Elecsys 2010 device (Roche Diagnostics, 
Mannheim, Ger many). For the defi nition of positive troponin T levels, 0.03 ng/ml was 
used as the cut-off  value, as lower values do not meet the imprecision criteria of < 10%.

Mean heart rate was calculated before, during, and after surgery. Heart rate 
variability was computed using time-domain analysis of short-term 5-minute 
recordings. Consec utive 5-minute recordings of 2-hour periods were obtained in a 
standard fashion at the evening before surgery, during the fi rst 2 hours of surgery, 
and the second evening after surgery. Th e SD of the NN intervals (SDNN) was 
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calculated in milliseconds. All electrocardiographic recordings were analyzed for new-
onset atrial fi brillation, monomorphic or polymorphic ventricular tachycardia, and 
ventricular fi bril lation. Nonsustained ventricular tachycardia was denned as an episode 
of >3 consecutive ventricular premature beats at a rate of >120 beats/min lasting < 30 
seconds. Sustained ventricular tachycardia lasted >30 seconds.

During a mean follow-up of 2.3 years, outpatient visits were scheduled every 3 
months after discharge. Study end-points were all-cause mortality and major cardiac 
events (cardiac death and nonfatal Q-wave myocardial infarction) during hospital stay 
and follow-up. Nonfatal Q-wave myocardial infarction was diagnosed when at least 
the following were present: increased cardiac enzyme levels, development of typical 
electrocardiographic changes (new Q waves >1 mm or >30 ms), and typical symptoms 
of angina pectoris. Cardiac death was denned as death caused by acute myocardial 
infarction, cardiac arrhyth mias, congestive heart failure, or sudden death. No pa tients 
were lost to follow-up.

Th e study group was divided according to endovascular or open AAA repair. 
Continuous data were expressed as means ± SD or medians with interquartile 
ranges and com pared using Student’s t test or Mann-Whitney test. Categor ical data 
were analyzed using the chi-square test. Binary logistic regression analysis and Cox 
proportional-hazards models were used for perioperative and long-term outcome 
analysis, respectively. A propensity score for surgical pro cedure was calculated, which 
was constructed using multi ple logistic regression analysis.1 Variables associated with 
the decision to perform endovascular AAA repair were included in the multivariate 
propensity score. In multivari-ate analysis, adjustments were made for age, gender, 
diabe tes, renal failure, coronary artery disease (i.e., history of angina or myocardial 
infarction or stress-induced ischemia), history of cerebrovascular disease, hypertension, 
β block ers, statins, and propensity scores. For all tests, a p value < 0.05 (2-sided) was 
considered signifi cant. All analysis was performed using SPSS statistical software 
(version 12.0; SPSS, Chicago, Illinois).

RESULTS

Among 175 patients, open AAA repair was performed in 126 and endovascular 
AAA repair in 49. No signifi cant diff erences were observed between open and 
endovascular repair in terms of baseline clinical characteristics, dobut-amine stress 
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echocardiographic results, and cardiovascular medication (Table 1). Mean preoperative 
heart rate was similar between open and endovascular repair. However, duration of 
surgery and total fl uid infusion were signifi  cantly higher in patients with open AAA 
repair than in those who underwent endovascular repair (Table 1). Propensity analysis 
demonstrated that patients were more likely to undergo endovascular AAA repair if 
they were older (p = 0.04) and if they had a history of angina pectoris (p = 0.052). 
Propensity scores ranged from 0.35 to 0.95.

Table 1 Baseline characteristics of the study population

Characteristic
AAA Repair (n = 175)

Endovascular
(n = 49)

Open
(n = 126) p Value

Age >70 yrs 32 (65%) 65 (52%) 0.1
Men 42 (86%) 105 (83%) 0.7
Angina pectoris 12 (24%) 21 (17%) 0.2
Previous myocardial infarction 17 (35%) 54 (43%) 0.3
Previous coronary revascularization 9 (18%) 18 (14%) 0.5
Previous congestive heart failure 1 (2%) 5 (4%) 0.5
Previous cerebrovascular events 6 (12%) 20 (16%) 0.5
Renal failure 2 (4%) 5 (4%) 1.0
Diabetes mellitus 4 (8%) 19 (15%) 0.2
Hypertension 16 (33%) 50 (40%) 0.4
Hypercholesterolemia* 14 (29%) 40 (32%) 0.7
Current or past smoker 25 (51%) 81 (64%) 0.1
Aspirin 27 (55%) 53 (42%) 0.1
Angiotensin-converting enzyme inhibitors 10 (20%) 35 (28%) 0.3
β blockers 39 (80%) 93 (74%) 0.4
Calcium channel blockers 10 (20%) 35 (28%) 0.3
Statins 22 (45%) 59 (47%) 0.8
Stress-induced myocardial ischemia 13 (27%) 29 (23%) 0.8
Duration of operation (h) 3.0 ± 1.1 5.6 ± 1.4 < 0.001
Fluid infusion during operation (1) 0.4 ± 0.3 2.8 ± 1.7 < 0.001
Heart rate 1 d before surgery (beats/minute) 69 ± 11 70 ± 15 0.3

Values are expressed as means ± SD or number and percentage.
*  Defi ned by low-density lipoprotein cholesterol level > 130 mg/dl or the use of lipid-lowering 

medication.
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Myocardial ischemia during continuous 12-lead electro-cardiography was 
detected in 60 patients (34%). A total of 109 episodes of myocardial ischemia were 
detected. Th e median duration of ischemic events was 81 minutes (inter quartile range 
60 to 269) and the median ST-segment de viation was 1.4 mm (interquartile range 
1.0 to 2.7). Myo cardial ischemia was signifi cantly lower in patients who underwent 
endovascular AAA repair than in those who underwent open repair (Table 2). Th e 
ischemic burden was also signifi cantly lower in patients who underwent endovas cular 
AAA repair (median 67 mm*min) compared with those who underwent open repair 
(median 209 mm*min, p = 0.003). In multivariate analysis, endovascular AAA re pair 
remained signifi cantly associated with lower myocar dial ischemia (Table 2).

Troponin T release was detected in 51 patients (29%). Th e median troponin T 
value was 0.45 ng/ml (interquartile range 0.08 to 0.75). In univariate and multivariate 
analyses, endovascular AAA repair was signifi cantly associated with lower troponin T 

Table 2  Myocardial ischemia, troponin T release, and clinical outcome in patients treated 
with endovascular or open repair

Variable
AAA Repair (n = 175)

Endovascular
(n = 49)

Open
(n = 126)

Relative Risk
(95% CI)† p Value

Ischemia and troponin T
ST-segment changes 5 (10.2%) 55 (43.7%) 0.14 (0.05-0.40) < 0.001
Before operation 4 (8.2%) 7 (5.6%) 2.10 (0.50-8.61) 0.3
During operation 5 (10.2%) 41 (32.5%) 0.24 (0.09-0.68) 0.007
After operation 3 (6.1%) 35 (27.8%) 0.18 (0.05-0.62) 0.006
Troponin T release 3 (6.1%) 48 (38.1%) 0.10 (0.02-0.32) < 0.001
Myocardial injury* 5 (10.2%) 64 (50.8%) 0.11 (0.03-0.26) < 0.001
Outcome
All-cause mortality at 30 d 0 11 (8.7%) – 0.03‡

Cardiac events at 30 d 0 (0%) 10 (7.9%) – 0.04‡

Long-term all-cause mortality 4 (8.2%) 17 (13.5%) 0.52 (0.17-1.63) 0.2
Long-term cardiac events 3 (6.1%) 15 (11.9%) 0.45 (0.12-1.81) 0.3

* Composite of myocardial ischemia and troponin T release.
†  Adjusted for age, gender, diabetes, renal failure, coronary artery disease, history of heart failure, 

history of cerebrovascular disease, hypertension, β blockers, statins, and propensity score.
‡  Calculated by chi-square test. CI = confi dence interval.
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release (Table 2). In patients with myo cardial damage, the level of troponin T release 
was signifi cantly lower after endovascular AAA repair (median 0.17 ng/ml) compared 
with open AAA repair (0.45 ng/ml, p <0.001).

Mean preoperative heart rate and heart rate variability were comparable between 
open and endovascular proce dures. However, during and after surgery, heart rate 
was signifi cantly higher and heart rate variability was signifi  cantly lower in the open 
AAA repair group compared with the endovascular AAA repair group (Table 3). 
Interestingly, patients with myocardial ischemia after surgery had a lower degree of 
heart rate variability before (SDNN 32 ± 29 vs 50 ± 26, p = 0.002), during (SDNN 
23 ± 19 vs 36 ± 24, p = 0.01) and after surgery (SDNN 21 ± 19 vs 46 ± 42, p = 0.008) 
compared with patients with no myocardial ischemia. Patients with troponin T release 
also had a lower degree of heart rate variability before (SDNN 49 ± 25 vs 32 ± 29, 
p = 0.002), during (SDNN 23 ± 21 vs 37 ± 23, p = 0.004), and after surgery (SDNN 
21 ± 18 vs 47 ± 39, p < 0.001) compared with patients with no troponin T re lease.

New-onset atrial fi brillation, nonsustained ventricular tachycardia, sustained 
ventricular tachycardia, and ventric ular fi brillation occurred in 9 (5%), 29 (17%), 4 
(2%), and 2 (1%) patients, respectively. Patients with perioperative cardiac arrhythmias 
were more likely to have perioperative ischemia and troponin T release than patients 
without ar rhythmias (Figure 1). In addition, heart rate during and after surgery was 
signifi cantly higher and heart rate variability during and after surgery was signifi cantly 
lower in patients with cardiac arrhythmias (Figure 2). Sustained ventricular tachycardia 
and ventricular fi brillation were not observed in patients treated with endovascular 
AAA repair but occurred in 4 (3%) and 2 patients (2%), respectively, treated with open 
surgical AAA repair. Th e incidences of atrial fi brilla tion and nonsustained ventricular 
tachycardia were also nonsignifi cantly lower in patients treated with endovascular AAA 
repair (Table 3). Th e cumulative incidence of cardiac arrhythmias was signifi cantly 
lower in endovascular AAA repair versus open surgery (Table 3).

All-cause mortality and cardiac events occurred in 11 (6.3%) and 10 (5.7%) 
patients, respectively, during hospital stay. In-hospital mortality and cardiac events 
were not ob served after endovascular AAA repair, but occurred in 11 (9%) and 10 (8%) 
patients, respectively, treated with open surgical repair (Table 2). During follow-up, 
all-cause mor tality and cardiac events occurred in 21 (12%) and 18 (10%) patients, 
respectively. Patients treated with endovascular AAA repair were at a nonsignifi cantly 
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lower risk of long-term mortality and cardiac events versus those treated with open 
AAA repair (Table 2).

DISCUSSION

Several studies have demonstrated that endovascular proce dures can signifi cantly 
decrease cardiovascular events in the perioperative period in comparison with open 
repair.27 Long-term studies have suggested no sustained survival benefi t after the 
fi rst postoperative year for endovascular stent placement.8 In a previous study, we 
demonstrated that endovascular stent-grafting was associated with a reduced incidence 
of perioperative complications, but with compa rable long-term cardiac outcome.7 In 
the present study, perioperative 72-hour 12-lead electrocardiographic moni toring 
was applied in a contemporary patient cohort. Endo vascular repair was signifi cantly 
associated with a lower perioperative heart rate and higher perioperative heart rate 
variability. Patients treated with endovascular repair also had a lower incidence of 

Table 3  Perioperative heart rate, heart rate variability, and arrhythmias in patients treated 
with endovascular or open repair

Variable
AAA Repair (n = 175)

Endovascular
(n = 49)

Open
(n = 126) p Value

Heart rate (beats/min) 69 ± 10 75 ± 14 0.01
Before operation 69 ± 11 70 ± 15 0.3
During operation 68 ±9 74 ± 13 0.009
After operation 72 ± 13 81 ± 15 0.004
Heart rate variability (SDNN)
Before operation (ms) 48 ±20 49 ±21 0.7
During operation (ms) 42 ±20 26 ± 18 0.001
After operation (ms) 44 ±20 28 ±21 0.004
Arrhythmias
Any 7 (14.3%) 37 (29.3%) 0.04
Nonsustained ventricular tachycardia 6 (12.2%) 23 (18.3%) 0.3
Sustained ventricular tachycardia 0 4(3.1%) 0.2
Newly onset atrial fi brillation 1 (2.0%) 8 (6.3%) 0.2
Ventricular fi brillation 0 (0%) 2 (1.6%) 0.4

Values are expressed as mean ± SD where applicable.
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perioperative cardiac arrhythmias, myocardial ischemia, troponin T release, mortality, 
and cardiac events. We confi rmed that long-term mortality and cardiac event rates 
were nonsignifi cantly lower in patients treated with endovascular repair.

In previous studies, myocardial ischemia during major vascular surgery has been 
observed in as many as 41% of patients and has been demonstrated to be a strong 
predictor of subsequent clinical cardiovascular events.9 Th e present study detected 
perioperative myocardial ischemia in 34% of patients. Myocardial ischemia in the 
perioperative setting may arise from increased myocardial oxygen demand or reduced 
supply. Factors that increase myocardial oxygen demand are mainly tachycardia 
and hypertension resulting from surgical stress, postoperative pain, interruption of
β-blocker use, or the use of sympathomimetic drugs. In contrast, decreased supply may 
be the result of hypotension, vasospasm, anemia, hypoxia, or coronary artery plaque 
rup ture. Invasive procedures have been associated with signifi  cant changes in arterial 

Figure 1  Incidence of perioperative myocardial 
ischemia (A) and troponin T release 
(B) in patients with and without 
perioperative cardiac arrhythmias.

Figure 2  Mean heart rate (A) and heart rate 
variability (±SEM) (B) in patients 
with and without perioperative 
cardiac arrhythmias.
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pressure, cardiac output, and in creases in blood lactate, catecholamine, and arterial 
pH.10–11 Th erefore, the higher heart rate in patients undergoing open repair is likely the 
result of increased surgical stress and sympathetic tone.

Heart rate variability has been used as a measure of cardiac autonomic function 
and mostly refl ects vagal tone. Increased anesthetic depth and sympathetic tone most 
likely explain the lower perioperative heart rate variability in pa tients with open repair 
compared with endovascular re pair.12 It has been suggested that decreased heart rate 
vari ability could trigger ischemic events.13, 14 In the present study, myocardial ischemia 
and troponin T release was preceded by signifi cantly lower heart rate variability. Th e 
present results therefore support the view that ischemic events predominantly occur 
in situations with increased sympathetic activity.

Th is study further revealed a higher incidence of cardiac arrhythmias in patients 
treated with open repair. In addition, patients with perioperative cardiac arrhythmias 
had a higher incidence of myocardial ischemia and troponin T release. Th ey also had 
signifi cantly higher heart rates and lower heart rate variability during and after surgery. 
Th ese results therefore suggest that surgical stress, higher heart rates, and lower heart 
rate variability in association with myocardial oxygen supply/demand mismatch cause 
the higher inci dence of sustained and nonsustained ventricular tachycar dias, new-
onset atrial fi brillation, and ventricular fi brillation in patients treated with open repair 
compared with endo vascular repair.

Cardiac complications remain a leading cause of mor bidity and mortality among 
patients treated with vascular surgery. As a result of the lack of long-term data, the choice 
between stent placement and open repair now heavily relies on surgeon experience and 
patient preference. Concerns have been raised about the long-term effi  cacy and safety 
of endovascular grafts. Not only have endoleaks become in creasingly common as the 
duration of follow-up is ex tended, aneurysm-related deaths after successful endograft 
therapy have also been reported.15

Th e major limitation in this study is that the surgical procedures were not randomly 
assigned to the patients. However, baseline clinical characteristics were comparable and 
detailed cardiac assessment with dobutamine stress test echocardiography revealed no 
signifi cant baseline diff er ences between the 2 types of surgery. In addition, we used 
multivariate analysis and propensity analysis to adjust for known possible confounding 
factors. Unfortunately, no data were available regarding the incidence of repeat 
procedures for graft leaks in patients treated with endovascular surgery.
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ABSTRACT

Aims Cardiac morbidity and mortality is high in patients undergoing high-risk 
surgery. Th is study investigated whether impaired glucose regulation and elevated 
glycated haemoglobin (HbAlc) levels are associated with increased cardiac ischaemic 
events in vascular surgery patients.

Methods Baseline glucose and HbAlc were measured in 401 vascular surgery 
patients. Glucose < 5.6 mmol/l was defi ned as normal. Fasting glucose 5.6-7.0 mmol/l 
or random glucose 5.6-11.1 mmol/l was defi ned as impaired glucose regulation. Fasting 
glucose ≥ 7.0 or random glucose ≥ 11.1 mmol/l was defi ned as diabetes. Perioperative 
ischaemia was identifi ed by 72-h Holter monitoring. Troponin T was measured on days 
1,3 and 7 and before discharge. Cardiac death or Q-wave myocardial infarction was 
noted at 30-day and longer-term follow-up (mean 2.5 years).

Results Mean (± sd) level for glucose was 6.3 ± 2.3 mmol/l and for HbAlc 
6.2 ± 1.3%. Ischaemia, troponin release, 30-day and long-term cardiac events occurred 
in 27, 22, 6 and 17%, respectively. Using subjects with normal glucose levels as the 
reference category, multivariate analysis revealed that patients with impaired glucose 
regulation and diabetes were at 2.2- and 2.6-fold increased risk of ischaemia, 3.8- and 
3.9-fold for troponin release, 4.3- and 4.8-fold for 30-day cardiac events and 1.9- and 
3.1-fold for long-term cardiac events. Patients with HbA1c > 7.0% (n = 63, 16%) were at 
2.8-fold, 2.1-fold, 5.3-fold and 5.6-fold increased risk for ischaemia, troponin release, 
30-day and long-term cardiac events, respectively.

Conclusions Impaired glucose regulation and elevated HbA1c are risk factors for 
cardiac ischaemic events in vascular surgery patients.

Diabet. Med. 25, 314-319 (2008)
Keywords glycated haemoglobin, impaired glucose tolerance, prognosis, vascular 

surgery
Abbreviations BNP, brain-natriuretic peptide; HbA1c, glycated haemoglobin
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INTRODUCTION

Annually, around 0.2% of the Dutch population undergoes major non-cardiac 
vascular surgery [1]. Among diabetic patients undergoing major vascular surgery, 
cardiac complica tions are the leading cause of morbidity and mortality. Th e incidence 
of perioperative cardiac events in these patients ranges from 6% to 21% [2-5]. Cardiac 
complications in diabetes are likely to be the result of impaired glucose metabolism 
leading to endothelial dysfunction, myocardial ischaemia and myocardial tissue 
damage [6]. Pre-diabetes represents a metabolic stage intermediate between normal 
glucose homeostasis and diabetes [7]. Th ese patients have a long asymptomatic period 
of glucose dysregulation and are at risk of developing Type 2 diabetes [ 7]. Although 
diabetes has been recognized as an independent predictor of post-operative outcome, 
the prognosis of non-diabetic patients with impaired glucose regulation is not well 
known. In addition, poor glycaemic control in diabetic and non-diabetic patients may 
be associated with adverse cardiac outcome.

Th is study was conducted to elucidate the association between impaired glucose 
regulation and elevated glycated haemoglobin (HbAlc) with perioperative and long-
term cardiac ischaemic events in patients undergoing major vascular surgery.

PATIENTS AND METHODS

Th e study population consisted of 401 consecutive patients with peripheral 
arterial disease undergoing elective abdominal aortic aneurysm repair, peripheral artery 
bypass surgery or carotid artery surgery at the Erasmus Medical Center in Rotterdam, 
the Netherlands, during the period 2002 to 2006. Th is prospective study was approved 
by the hospital’s ethical committee and performed with the informed consent of all 
patients. Patients with a cardiac pacemaker, left ventricular hypertrophy, left or right 
bundle branch block and atrial fi brillation were excluded. Patients who participated in 
clinical intervention trials at or outside the Erasmus Medical Center were also excluded. 
Patients were enrolled up to 3 months prior to surgery at the outpatient clinic. All 
patients underwent preoperative risk stratifi cation, including cardiac stress testing. 
Preoperative cardiac revascularization based on positive preoperative stress test results 
was not routinely off ered in our hospital. In all patients, beta-blockers were considered 
prior to surgery to obtain perioperative heart rates of 60-65 beats per minute. Baseline 
characteristics were obtained and included demographic, historical, laboratory and 
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electrocardiographic information. Body mass index was calculated using the formula 
weight/ height2. Renal dysfunction was defi ned as serum creatinine > 177 μmol/l or if 
renal dialysis was required [8].

Baseline glucose and HbA1c measurements

Baseline glucose and HbA1c measurements were obtained during preoperative 
assessment at a central laboratory. Blood samples were obtained using venipuncture 
with minimal stasis. Glucose was enzymatically determined using the Hexokinase 
method (Boehringer, Mannheim, Germany). HbA1c was deter mined by using an enzyme 
immunoassay based on microtitre plate technology. Information was obtained on history 
of diabetes and use of blood glucose-lowering treatment. Patients were classifi ed into 
three categories. Glucose < 5.6 mmol/l was defi ned as normal. Fasting glucose between 
5.6-7.0 mmol/l or random glucose between 5.6-11.1 mmol/l was defi ned as impaired 
glucose regulation. Fasting glucose > 7.0 or random glucose > 11.1 mmol/l, or the use of 
blood glucose-lowering medication was defi ned as diabetes [7]. Eighty-three per cent 
of the population had a fasting glucose and 17% a random glucose measured. Patients 
with impaired glucose regulation were followed closely with regular blood pressure 
check-ups, weight/ body mass index measurements and repeated glucose measure-
ments. Glucose-lowering medication and insulin therapy were considered in patients 
meeting the criteria for diabetes mellitus. Although patients were counselled on healthy 
lifestyle and risk-factor reduction, no formal follow-up with glucose tolerance testing 
was performed.

Perioperative myocardial ischaemia

Patients were continuously monitored with a 10-electrode, 12-lead digital 
electrocardiograph (ECG) recorder (DR180 + Digital Recorder; NorthEast Monitoring 
Inc., Maynard, MA, USA), starting 1 day before surgery and continuing up to 2 days after. 
Recordings were performed in the continuous 12-lead mode with a recording length 
of 10 s every min. Th e frequency response was 0.05-150 Hz. Electrocardiographic data 
were initially processed by a technician and analysed by two experienced cardiologists 
who were blinded to the patient’s clinical data. After excluding all abnormal QRS 
complexes, the ambulatory electrocardiography recordings were analysed for ST-
segment deviations. A continuous ST-segment trend was generated and all potential 
ischaemic episodes were identifi ed. Episodes of ischaemia were defi ned as reversible 
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ST-segment changes, lasting at least 1 min and shifting from baseline by more than 
0.1 mV (1 mm). Th e baseline ST-segment level was defi ned as the average ST segment 
during a stable period (duration of 20 min) preceding each ischaemic episode. ST-
segment change was measured 60 ms after the J point. If the J point fell within the 
T-wave, the ST segment change was measured 40 ms after that point. Patients who 
developed perioperative myocardial ischaemia were referred for further cardiovascular 
investigation. In these patients, it was ascertained that they received beta-blockers, 
statins and aspirin at hospital discharge.

Perioperative troponin T release

Troponin T levels were measured on post-operative days 1, 3 and 7, before 
discharge and whenever clinically indicated by ECG changes, consistent with myocardial 
ischaemia or infarction. Troponin T level was measured by an electrochemiluminescence 
immunoassay on the Elecsys 2010 (Roche Diagnostics, Mannheim, Germany). Th e 
lower limit of detection of 0.03 ng/ml was used to defi ne positive troponin T levels as 
lower levels do not meet the imprecision criteria of < 10%.

Clinical cardiac outcome

Study end points were major cardiac events (cardiac death and non-fatal Q-wave 
myocardial infarction) during the perioperative period (30-day period after surgery) and 
during follow-up (mean 2.5 years). During follow-up, outpatient visits were scheduled 
every 3 months after discharge. Cardiac death was defi ned as death caused by acute 
myocardial infarction, cardiac arrhythmias, congestive heart failure or sudden death. 
Non-fatal myocardial infarction was diagnosed when at least the following criteria 
were present: elevated cardiac enzyme levels, development of new Q waves (> 1 mm or 
> 30 ms), and typical symptoms of angina pectoris. No patients were lost to follow-up.

Data analysis

Diff erences between groups with normal glucose, impaired glucose regulation and 
diabetes were assessed using one-way analysis of variance for continuous characteristics 
and χ²-test for dichotomous characteristics. Patients with impaired glucose regulation 
and diabetes were compared with patients with normal glucose levels. Binary logistic 
regression analysis was used to determine the association of glucose and HbA1c status 
with perioperative myocardial ischaemia, troponin T release and 30-day cardiac events. 
Cox proportional hazard analysis was used to assess the association of glucose and HbA1c 
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status with late cardiac events. In multivariate analysis, adjustments were made for age, 
gender, angina pectoris, myocardial infarction, congestive heart failure, hypertension, 
stroke, smoking, renal dysfunction and laboratory measures. Only laboratory measures 
of which the values were signifi cantly diff erent between the three groups were included 
(Table 1). In addition, absolute glucose and HbA1c values were assessed as continuous 
variables. Odds and hazard ratios are given with 95% confi dence inter vals. For all tests, 
a P value < 0.05 (two-sided) was considered signifi cant. All analysis was performed 
using SPSS 12.0 statistical software (SPSS Inc., Chicago, IL, USA).

RESULTS

Mean (+ sd) glucose in the study population was 6.3 + 2.3 mmol/l and mean HbA1c 
6.2 + 1.3%. Th e characteristics of the patients with normal glucose levels (n = 220, 55%), 
impaired glucose regulation (n = 112,28 %) and diabetes in = 69,17%) are presented in 
Table 1. Patients with impaired glucose regulation had a higher prevalence of angina 
pectoris, myocardial infarction, coronary bypass surgery and congestive heart failure, 
compared with patients with normal glucose levels. Laboratory testing revealed that 
urea and high-sensitivity C-reactive protein were signifi cantly higher in patients with 
impaired glucose regulation, compared with patients with normal glucose levels (Table 
1). Haemoglobin and haematocrit were signifi cantly lower in patients with impaired 
glucose regulation (Table 1).

Events

Perioperative myocardial ischaemia during 72-h 12-lead electrocardiographic 
monitoring occurred in 108 patients (27%). Perioperative troponin T release occurred 
in 90 patients (22%) and 30-day major cardiac events in 23 patients (6%). One hundred 
and thirty-one patients (33 %) experienced either an episode of myocardial ischaemia, 
troponin T release or a major cardiac event in the perioperative period. During follow-
up, 85 patients (21 %) died. Cardiac death or non-fatal myocardial infarction during 
follow-up occurred in 69 patients (17%).

Glucose and HbA1c status in relation to events

Th e incidence of myocardial ischaemia was 19% in patients with normal glucose 
levels, 35% in patients with impaired glucose regulation and 41% in diabetes (P< 0.001). 
Similarly, the incidence of troponin T release was 11, 36 and 38% (P< 0.001). Th irty-day 
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Table 1 Characteristics of the study population (n = 401) by glucose status

Characteristic

No diabetes (n = 332)
Normal 
glucose

(n = 220)

Impaired glucose 
regulation
(n = 112)

Diabetes
(n = 69)

Age (years) 66 ± 11 68 ±9 66 ±11
Gender, % male 77.3 80.4 72.5
Angina pectoris, % 14.5 24.1* 20.3
Previous myocardial infarction, % 28.2 47.3* 44.9†
Previous percutaneous coronary angioplasty, % 5.9 10.7 10.1
Previous coronary artery bypass grafting, % 9.5 26.8* 17.4
History of congestive heart failure, % 0.9 9.3* 4.3
Rest wall motion abnormalities, % 29.5 33.0 27.5
Stress-induced wall motion abnormalities, % 25.0 29.5 27.5
Hypertension, % 40.0 36.6 49.3
Stroke, % 13.1 16.1 13.0
Past smoking, % 60.9 58.0 43.5†
Current smoking, % 31.4 28.6 20.3
Renal dysfunction, % 1.8 8.9 4.3
Body mass index, kg/m2 24.9 ±3.5 25.3 ±4.0 26.8 ±3.6†
Ankle-brachial index 0.88 ±0.26 0.80 ±0.32 0.80 ±0.28
Forced expiratory volume in 1 s, 1 2.5 ±0.8 2.4 ±0.8 2.4 ±0.8
Urea (mmol/l) 6.6 ±3.7 8.3 ±3.9* 7.5 ±3.6
Creatinine (μmol/l) 97±83 101 ± 68 100 ±69
Low-density lipoprotein cholesterol (mmol/l) 3.1 ± 1.1 3.1 ± 1.1 2.8 ±1.0
High-density lipoprotein cholesterol (mmol/l) 1.3 ±0.6 1.3 ±0.5 1.2 ±0.4
Total cholesterol (mmol/l) 4.9 ±1.2 5.1 ±1.3 4.8 ±1.3
Haemoglobin (mmol/l) 8.7±0.9 8.4 ±1.2* 8.4 ±1.3†
Haematocrit 0.42 ±0.04 0.39 ±0.05* 0.40 ±0.06
High sensitivity C-reactive protein (mg/1) 9.9±13.8 46 ±77* 24±40‡
Uric acid (mmol/l) 0.34 ±0.09 0.35 ±0.1 0.38 ±0.12
N-terminal pro-BNP level, pmol/1 (median) 101 124 111
Glycated haemoglobin (%) 5.6 ±0.4 6.0 ±0.8 7.9±1.8†‡
Aspirin use at baseline, % 53.2 52.7 58.0
Beta-blocker use at baseline, % 69.1 73.2 75.4
Statin use at baseline, % 50.5 51.8 56.5

Values are presented as percentage or as mean ± standard deviation, unless otherwise stated.
*P < 0.05 impaired glucose regulation vs. normal glucose.
†P < 0.05 diabetes vs. normal glucose.
‡P < 0.05 diabetes vs. impaired glucose regulation.
BNP, brain-natriuretic peptide.
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cardiac events occurred in 2, 10 and 10% (P < 0.001), respectively. Th ese diff erences 
between patients with impaired glucose regulation and diabetes were not signifi cant. A 
higher proportion of patients with normal baseline glucose levels survived, compared 
with patients with impaired glucose regulation or diabetes (P< 0.001) (Fig. 1). Multivariate 
analysis revealed that patients with impaired glucose regulation and diabetes were at 
2.2- and 2.6-fold increased risk for myocardial ischaemia, 3.8- and 3.9-fold increased 
risk for troponin T release, 4.3- and 4.8-fold increased risk for 30-day cardiac events, 
2.0- and 2.7-fold increased risk for long-term mortality and 1.9- and 3.1-fold increased 
risk for long-term cardiac events (Table 2). Patients with HbA1c > 7.0% (n = 63, 16%) 
were at 2.8-fold, 2.1-fold, 5.3-fold, 3.6-fold and 5.6-fold increased risk for myocardial 
ischaemia, troponin T release, 30-day cardiac events, long-term mortality and long-
term cardiac events, respectively (Table 2). When using absolute values, higher glucose 
and HbA1c remained signifi cantly associated with increased perioperative and long-
term events (Table 2). Additional adjustment for lipids, and baseline use of aspirin, 
statin and beta-blockers did not change the results.

DISCUSSION

Th e results of this study indicate that impaired glucose regula tion is common 
in vascular surgery patients (28 %). Moreover, higher HbA1c (> 7.0 %) was present in 
16% of patients. Import antly, both impaired glucose regulation and elevated HbA1c 

were associated with an increased incidence of perioperative myocardial ischaemia, 
perioperative troponin T release, and 30-day and long-term cardiac events, independent 
of age, gender and clinical risk factors.

Insulin resistance with hyperglycaemia is believed to be the major underlying 
pathologic mechanism for the associated susceptibility to premature cardiovascular 
disease in pre-diabetic patients. Adipose tissue plays a crucial role in the pathogenesis 
of insulin resistance and is the main causative mechanism of Type 2 diabetes. Metabolic 
disturbances associated with insulin resistance beyond hyperglycaemia include 
dyslipidaemia, hypercoagulability and infl ammation. In the current study, the highest 
level of the infl ammation marker high-sensitivity C-reactive protein was found in 
patients with impaired glucose regulation. Infl ammation probably links the metabolic 
and vascular pathologies [9]. Hyperglycaemia also exerts direct eff ects on the progression 
of atherosclerosis by the formation of reactive advanced glycation end products that 
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mediate vascular damage [9]. In addition, hyperglycaemia can be deleterious for the 
heart because of hypovolaemia, modulation of nitric oxide metabolism and oxidative 
stress and down-regulation of ischaemic preconditioning [10].

Th e cardiac event rate in vascular surgery patients is high [11], refl ecting the 
high prevalence of underlying coronary artery disease. Indeed, coronary angiographic 
abnormalities have been reported in up to 92% of patients [12]. In our contemporary 
study cohort, a relatively high incidence of perioperative cardiac complications was 
observed (6%). It should be noted that this study was conduced at a university hospital, 
which acts as a tertiary referral centre for approximately 30 affi  liated hospitals. Th e 
high incidence may be related to the admission and treatment of high-risk patients, 
who would not have been cared for in other hospitals. Th e rate of myocardial 
ischaemia as assessed by continuous 12-lead electrocardio-graphic monitoring was 
more than three times higher (27%) than the incidence of perioperative cardiac 
events. Th e recognition of silent perioperative ischaemic episodes is important, as 
these relate directly to myocardial damage, infarction and cardiac death [6]. Th e 
incidence of myocardial ischaemia was signifi cantly higher in patients with impaired 
glucose regulation (35%) and patients with diabetes (41%), compared with patients 
with normal glucose levels (19%).

Th is study demonstrated the value of glucose and HbA1c in defi ning perioperative 
and long-term risk in vascular surgery patients. However, the management of these 

patients remains a challenge. 
Patients with impaired glucose 
regulation do not meet the 
criteria for diabetes, but have 
impaired glucose metabolism, 
which places them at risk 
for developing diabetes or 
cardiovascular disease. We 
observed that survival in 
patients with impaired glucose 
metabolism was comparable 
with survival in patients with 
diabetes. Although loss of 
body weight, exercise and 

Figure 1  Kaplan-Meier curves demonstrating survival in 
patients by glucose regulation status (P < 0.001; 
between-group analysis of variance).
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certain pharmacological agents can prevent the development of diabetes in patients 
with impaired glucose regulation, the impact on cardiovascular risk has not yet been 
examined. Randomized trials have demonstrated the benefi t of beta-blockers and 
statins in the reduction of perioperative cardiac events in vascular surgery patients 
[13,14]. In diabetic patients, however, outcome was similar in patients randomized to 
either metoprolol or placebo [5]. Th e relatively short-term use of metoprolol in this 
study (from the day before surgery to a maximum of 8 days after) may explain this 
fi nding, as long-term beta-blocker treatment with slow heart rate are important factors 
in ischaemic event reduction. In addition to cardiovascular medication, aggressive 
glucose management in these patients should improve outcome. Abnormal glucose 
tolerance is an important predictor of long-term outcome after myocardial infarction 
[15]. Intensive insulin treatment to achieve normoglycaemic levels (< 6.1 mmol/l) 
reduced mortality in critically ill patients [16] and diabetic patients undergoing cardiac 
surgery [17]. However, randomized trials in major vascular surgery patients are needed 
to deter mine the role of intensifi ed insulin therapy on cardiovascular outcome.

Several limitations should be addressed. Firstly, as a glucose challenge test was 
not routinely performed in this study, the number of patients with impaired glucose 
regulation may be underestimated in this study cohort. Secondly, we excluded patients 
with a cardiac pacemaker, left ventricular hypertrophy, left or right bundle branch 
block, atrial fi brillation and patients who participated in clinical intervention trials 
at or outside the Erasmus Medical Center. Th e exclusion of these patients may have 
biased the fi nal results. Th irdly, the results of this study apply to high-risk patients 
with peripheral arterial disease undergoing major vascular surgery. Extrapolation to 
other patient groups should be carried out cautiously. However, a recent study in non-
cardiac non-vascular surgery patients demonstrated comparable fi ndings, showing 
that preoperative hyperglycaemia is associated with increased cardiovascular mortality 
[18]. Finally, patients with perioperative myocardial ischaemia were referred for further 
cardiovascular investigation. In these patients, it was ascertained that they received 
beta-blockers, statins and aspirin at hospital discharge. Symptomatic patients with 
perioperative myocardial ischaemia, troponin T release and newly developed Q-waves 
were referred for cardiac catheterization. Unfortunately, no detailed data on patients 
who eventually received coronary interventions were available.

In conclusion, the results of this study show that impaired glucose regulation 
and elevated HbA1c are risk factors for cardiac ischaemic events in vascular surgery 
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patients. Th e value of screening for dysglycaemia and the benefi ts of aggressive glucose 
management in this setting require further study.
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ABSTRACT

Background Th is study was conducted to determine the association between 
baseline N-terminal pro-B-type natriuretic peptide (NT-proBNP) and myocardial 
ischemia, troponin T release and heart rate variability (HRV) in patients undergoing 
major vascular surgery.

Methods In a prospective study, 182 vascular surgery patients were evaluated 
by clinical risk factors, dobutamine stress echocardiography and baseline NT-proBNP 
levels. Myocardial ischemia was detected by continuous 12-lead electrocardiographic 
monitoring starting 1 day before to 2 days after surgery. Troponin T (>0.03ng/ml) was 
measured on day 1, 3 and 7 postoperatively and before discharge. HRV was measured 
at the day prior to surgery.

Results Th e median NT-proBNP level was 184 ng/l (interquartile range: 79-
483 ng/l). Myocardial ischemia was detected in 21% and troponin T release in 17% of 
patients. After adjustment for clinical risk factors and stress echocardiography results, 
higher NT-proBNP levels (per 1 ng/l increase in the natural logarithm of NT-proBNP) 
were associated with a higher incidence of myocardial ischemia (odds ratio: 1.59, 95% 
confi dence interval: 1.21-2.08, P < 0.001) and troponin T release (odds ratio: 1.76, 95% 
confi dence interval: 1.33-2.34, P < 0.001). Th e optimal cutoff  value of NT-proBNP to 
predict ischemia and/or troponin T release was 270 ng/l (area under the curve: 0.70). 
Higher baseline NT-proBNP levels were also associated with a larger ischemic burden at 
electrocardiographic monitoring (r = 0.22, P=0.03). No signifi cant correlation, however, 
was found between NT-proBNP and preoperative HRV (r = -0.024, P = 0.78).

Conclusion Elevated baseline NT-proBNP levels are signifi cantly associated with 
perioperative myocardial ischemia and troponin T release, but not with preoperative 
HRV in patients undergoing major vascular surgery. Coron Artery Dis 18:645-651 © 
2007 Wolters Kluwer Health | Lippincott Williams & Wilkins.

Key words: heart rate variability, myocardial ischemia, natriuretic peptides, 
troponin T
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INTRODUCTION

Natriuretic peptides are endogenous cardiac hormones that include atrial 
natriuretic peptide (A-type), brain natriuretic peptide (B-type or BNP) and its 
aminoterm-inal portion N-terminal pro-B-type natriuretic peptide (NT-proBNP) [1,2]. 
NT-proBNP is synthesized in the ventricular myocardium and released in response to 
ventricular wall stress [3,4]. NT-proBNP has been demonstrated to be an important 
diagnostic and prog nostic marker in patients with heart failure [5,6]. Th e diagnostic 
and prognostic value of elevated levels of NT-proBNP has more recently been shown in 
patients with acute coronary syndromes and stable coronary artery disease [7,8]. In the 
search for safe, inexpensive and accurate preoperative screening, natriuretic peptides 
have emerged as promising preoperative risk measures.

Th ree studies published last year have consistently demonstrated that elevated 
natriuretic peptide levels predict short-term adverse cardiovascular events in patients 
undergoing elective noncardiac surgery [9–11]. Th e prognostic value of preoperative 
natriuretic peptides was also sustained for long-term events, as demonstrated in a study 
involving 335 patients who were followed for a mean duration of 14 months [12].

Patients who experience perioperative myocardial ische mia detected during 
continuous 12-lead electrocardio graphic monitoring or who have troponin T release 
are considered to be at increased risk for adverse post operative cardiac events 
[13,14]. In addition, reduced heart rate variability has also been associated with a 
worse prognosis in patients with myocardial infarction, congestive heart failure, 
or in patients undergoing major surgery [15,16]. A positive association of elevated 
base line natriuretic peptides with increased perioperative myocardial ischemia 
and decreased preoperative heart rate variability may strengthen the evidence that 
natriuretic peptides can be used as a preoperative risk marker. Th e primary objective 
of this study was to determine whether baseline NT-proBNP levels are associated 
with myocardial ischemia as assessed by continuous 12-lead electrocardiographic 
monitoring and troponin T release in patients undergoing major vascular surgery. Th e 
secondary objective was to assess the association between baseline NT-proBNP levels 
and preoperative heart rate variability.
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METHODS

Study population

Patients scheduled for elective abdominal aortic aneur-ysm repair, lower extremity 
bypass surgery or carotid artery surgery at the Erasmus University Medical Center in 
Rotterdam, Th e Netherlands, were prospectively included in the study from January 
2004 to December 2006 after giving informed consent. Patients with severe valvular 
heart disease or hypertrophic or dilated cardio-myopathy were excluded. Patients who 
participated in clinical intervention trials at or outside the Erasmus Medical Center 
were also excluded (i.e. the DECREASE III trial). All patients agreed on participation 
in the study and the Institutional Review Board approved the proto col. Baseline clinical 
data were collected by structured interviews with the patients and by reviewing the 
medical records. On the basis of the Revised Cardiac Risk Index by Lee et al. [17], 
patients were screened for each of the following cardiac risk factors: history of coronary 
artery disease, congestive heart failure, cerebro-vascular accident or transient ischemic 
attack, diabetes mellitus (fasting glucose level ≥ 7.0 mmol/l or treatment with insulin) 
and renal dysfunction [preoperative serum creatinine level > 2.0 mg/dl (177 μmol/l)
or treatment with renal dialysis]. Coronary artery disease was defi ned as patients 
presented with current stable or unstable angina pectoris or if patients had a history of 
myocardial infarction. A preoperative electrocardiogram was obtained and evaluated. 
Patients were also screened for hyper tension (blood pressure ≥ 140/90 mmHg or 
antihyper-tensive drugs), hypercholesterolemia (plasma cholesterol level ≥ 5.5 mmol/l 
or treatment with cholesterol low ering drugs), smoking and cardiac medication use, 
including statins, β-blockers, aspirin, angiotensin-converting enzyme inhibitors and 
calcium channel blocking agents.

Measurement of baseline N-terminal pro-B-type natriuretic peptide

Th e mean time of venous blood sampling prior to surgery was 22 ±11 days and all 
samples were collected before dobutamine stress echocardiography. Th e samples were 
centrifuged and plasma was frozen at – 80°C until assay. NT-proBNP was measured 
with an electrochemiluminescence immunoassay kit (Elecsys 2010, Roche GmbH, 
Mannheim, Germany). Th is ‘sandwich’-type quantitative immunoassay is based on 
polyclonal antibodies against epitopes in the N-terminal part of proBNP. Th e lower 
detection limit was 5 ng/ 1. Intra-assay coeffi  cients of variance at 271 and 6436 ng/l 
were 1.9 and 0.9%, respectively.
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Dobutamine stress echocardiography

Dobutamine stress echocardiography was performed prior to surgery. Patients 
underwent a resting two-dimensional precordial echocardiographic examination 
and standard apical and parasternal views were recorded on videotape. Dobutamine 
hydrochloride was then administered in travenously by infusion pump, starting at 10 μ/
kg/min for 3 min (5 μg/kg/min for 5 min, followed by 10 μg/kg/min for 5 min in patients 
with resting wall motion abnormalities), and increased by 10 μg/kg/min every 3 min to a 
maximum of 40 μg/kg/min. Th e dobutamine infusion was stopped if a target heart rate 
(85% of a theoretic maximal heart rate) was achieved. If the target heart rate was not 
achieved and patients had no symptoms or signs of ischemia, atropine sulfate (starting 
with 0.25 mg, increased to a maximum of 2.0 mg) was given intravenously whereas the 
administration of dobutamine was continued. Metoprolol was administered (1.0–5.0 
mg intravenously) to reverse the side eff ects of the administration of dobutamine or 
the dobutamine–atropine combination if the side eff ects did not revert spontaneously 
and quickly. Two experi enced investigators performed off -line assessment of 
echocardiographic images. Th e left ventricle was divided into 17 segments, and wall 
motion was scored on a 5-point scale (1 = normal, 2 = mild hypokinesis, 3 = severe hy-
pokinesis, 4 = akinesis and 5 = dyskinesis). Ischemia was defi ned as new or worsening 
wall motion abnormalities (compared with resting images of the same test) as indicated 
by an increase of regional wall motion score ≥ 1 grade(s) with stress. Akinesis becoming 
dyskinesis was not considered an ischemic response.

Myocardial ischemia during 12-lead electrocardiography

Patients were continuously monitored with a 10-elec-trode, 12-lead digital ECG 
recorder (DR180 + Digital Recorder, NorthEast Monitoring Inc., Massachusetts, USA), 
starting 1 day before surgery up to 2 days after. Recordings were performed in the 
continuous 12-lead mode with a recording length of 10 s every minute. Th e frequency 
response was 0.05–150 Hz. Electrocardio graphic data were initially processed by a 
technician and analyzed by two experienced investigators, who were blinded to the 
patient’s clinical data. After excluding all abnormal QRS complexes, the ambulatory 
ECG record ings were analyzed for ST-segment deviations. A con tinuous ST-segment 
trend was generated and all potential ischemic episodes were identifi ed. Episodes of 
ischemia were defi ned as reversible ST-segment changes, lasting at least one minute 
and shifting from baseline to more than 0.1 mV (lmm). Th e baseline ST-segment level 
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was defi ned as the average ST segment during a stable period (duration of 20 min) 
preceding each ischemic episode. ST-segment change was measured 60 ms after the J 
point. If the J point fell within the T-wave, the ST-segment change was measured 40 ms 
after that point. Th e ischemic burden (mm*min) was defi ned as maximum ST-segment 
deviation multiplied by ischemia duration.

Troponin T measurement

In all patients, troponin T levels were measured on postoperative day 1, 3, 7, 
before hospital discharge and whenever clinically indicated by ECG changes, consistent 
with myocardial ischemia or infarction. Troponin T level was measured using a whole 
blood rapid test (TropT version 2, Roche Diagnostics, Mannheim, Germany). A value 
of greater than 0.03 ng/ml was used to defi ne positive troponin T levels.

Heart rate variability

Heart rate variability was computed for each participant using time-domain 
analysis of short-term 5-min record ings in the preoperative period. Consecutive 5-
min recordings of 2-h periods were standardly obtained at the evening before surgery. 
Th e average heart rate variability of the 5-min recordings during the 2-h period was 
calculated. We used standard time-domain measures including the standard deviation 
of the normal-to-normal (NN) intervals (SDNN) and the square root of the mean 
squared diff erences of successive NN intervals (rMSSD).

Perioperative management

Prior to surgery, patients with β-blockers were asked about medication adherence. 
Beta-blockers were withheld if patients presented with a systolic blood pressure 
< 100 mmHg or with a heart rate < 50 bpm. Beta-blockers were administered orally. In 
patients not able to take their medication orally, β-blockers were administered by naso-
gastric tube or by intravenous line. All patients received standard perioperative pain 
management. Surgical proce dures were classifi ed as abdominal aortic aneurysm repair 
(91 patients, 50%), lower extremity revascularization (57 patients, 31%) and carotid 
artery surgery (34 patients, 19%).

Follow-up

Study endpoints were hard cardiac events (cardiac death and nonfatal myocardial 
infarction) during follow-up. Outpatient visits were scheduled every 3 months after 
discharge. Cardiac death was defi ned as any death with a cardiovascular cause, including 
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those deaths following a cardiac procedure, cardiac arrest, myocardial infarction, 
pulmonary embolus, stroke, hemorrhage or sudden deaths owing to unknown causes. 
Nonfatal myocardial infarction was diagnosed when at least two of the following were 
present: elevated cardiac enzyme levels (troponin T > 0.1 ng/ml), development of 
typical electrocardiographic changes (new Q waves > 1 mm or > 30 ms), and typical 
symptoms of angina pectoris. No patients were lost to follow-up.

Statistical analysis

Continuous data are expressed as mean ( ± SD) and compared by using the Student 
t-test. Categorical data are presented as percentages and analyzed using the % test with 
Yates’ correction. Baseline natriuretic peptide levels were abnormally distributed and 
converted to its natural logarithm. Binary logistic regression analysis was used to study 
the association between natriuretic peptides and myocardial ischemia and troponin 
Trelease. Receiver operating curve characteristic analysis was used to assess the optimal 
cutoff  value of NT-proBNP in predicting the composite of myocardial ischemia and 
troponin T release. Cox regression analysis was used to study the association between 
natriuretic peptides and long-term events. Th e Pearson coeffi  cient was used to estimate 
the correlation between baseline natriuretic peptides and preoperative heart rate 
variability. In multivariate analysis, adjustments were made for age, sex, cardiac risk 
factors according to the Revised Cardiac Risk Index (coronary artery disease, history 
of congestive heart failure, cerebrovascular disease, diabetes mellitus and renal failure), 
dobutamine stress test results, hypertension and cardiovascular medication. Odds and 
hazard ratios are given with 95% confi dence intervals. For all tests, a P value < 0.05 
(two-sided) was considered signifi cant. All analysis was performed using SPSS 12.0 
statistical software (SPSS Inc., Chicago, Illinois, USA).

RESULTS

Baseline characteristics

Inclusion criteria were fulfi lled in 182 patients. Baseline characteristics are 
presented in Table 1. Th e mean age of the study population was 66 ±11 years and 81% 
were male. Th e distribution of baseline NT-proBNP levels and its natural logarithm 
are presented in Fig. 1. Th e median NT-proBNP level was 184ng/l (interquartile range:
79-483 ng/l). Dobutamine stress echocardiography showed rest wall motion 
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abnormalities in 25% and stress-induced wall motion abnormalities in 17% of the 
patients. No fatal complications occurred during or immediately after the stress test.

N-terminal pro-B-type natriuretic peptide in relation to myocardial 

ischemia and troponin T release

Myocardial ischemia during continuous 12-lead electro cardiographic registration 
was assessed in 38 participants (21%). A total of 77 periods of myocardial ischemia 
were detected. Th e number of ischemic events per patient ranged from 1 to 5. Th e 

Table 1 Baseline characteristics of the study population

n = 182
Age (years) 66± 11
Male 147 (81%)
Current stable angina pectoris 34 (1 9%)
History of myocardial infarction 52 (29%)
Previous coronary artery revascularization 23 (13%)
History of congestive heart failure 11 (65%)
History of cerebrovascular event 50 (28%)
Renal failure 9 (5%)
Diabetes mellitus 28 (15%)
Hypertension 76 (42%)
Hypercholesterolemia 70 (39%)
Current or past smoking 91 (50%)
Aspirin 101 (56%)
Angiotensin-converting enzyme inhibitors 46 (25%)
Beta-bloc kers 152 (84%)
Calcium channel blockers 37 (20%)
Digoxin 2 (1 %)
Statins 109 (60%)
Preoperative heart rate 67±10
Rest wall motion abnormalities 45 (25%)
Stress induced new wall motion abnormalities 31 (17%)
Abdominal aortic aneurysm repair 91 (50%)
Lower extremity revascularization 57 (31%)
Carotid artery surgery 34 (1 9%)

Values are given in number (%), or in mean ± standard deviation.
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median duration of ischemic events was 43 min (range: 5-1130 min) and the median 
ST-segment deviation was 1.5 mm (range: 1.0-5.6mm). In patients with ischemia, 
median ischemic burden was 72mm*min (range: 7-5508 mm*min). Troponin T levels 
greater than 0.03ng/ml were measured in 31 patients (17%). Troponin T values ranged 
from 0.03 to 8.2ng/ml. Figure 2 demonstrates the median NT-proBNP level in patients 
with myocardial ischemia, troponin T release and late cardiac events.

As demonstrated in Fig. 3, higher baseline NT-proBNP levels were associated 
with an increased incidence of myocardial ischemia and troponin T release. Th e optimal 
cutoff  value to predict the composite of myocardial ischemia and troponin T release 
as determined by receiver operating characteristic analysis was 270 ng/1 (area under 
the curve: 0.70) (Fig. 4). Interestingly, in the 38 patients with myocardial ischemia, 
higher NT-proBNP levels correlated signifi cantly with a larger ischemic burden at
12-lead ECG monitoring (r = 0.22, P= 0.03). In multivariate analysis, higher baseline 
NT-proBNP levels remained signifi cantly associated with a higher incidence of 
myocardial ischemia and troponin T release (Table 2).

During follow-up, hard cardiac events occurred in 11 patients (6%). Higher 
baseline NT-proBNP levels were signifi cantly associated with a higher incidence of hard 

Figure 1  A histogram showing the distribution of N-terminal pro-B-type natriuretic peptide 
levels in the study population.
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cardiac events, irrespective of clinical varia bles and dobutamine stress echocardiography 
results (Table 2).

N-terminal pro-B-type natriuretic peptide and preopera-tive heart rate 

variability

Mean SDNN and rMSSD prior to surgery was 47 ± 26 and 37 ± 34 ms, respectively. 
No correlation was found between baseline NT-proBNP levels and preoperative 

Figure 2 Th e incidence of myocardial 
ischemia, troponin T release and late hard 
cardiac events and the median N-terminal 
pro-B-type natriuretic peptide level.

Figure 3 Th e proportion of patients with 
perioperative myocardial ischemia detected 
by continuous 1 2-lead electrocardiographic 
monitoring and troponin T release in relation 
to baseline N-terminal pro-B-type natriuretic 
peptide levels, according to the quartiles.
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Table 2  Univariate and multivariate analysis of the association between baseline N-terminal
pro-B-type natriuretic peptide and perioperative myocardial ischemia as detected 
by continuous 12-lead electrocardiographic monitoring, troponin T release and 
early and late hard cardiac events

Odds/Hazard ratio per 1 ng/l 
increase in the natural logarithm
of baseline NT-proBNP (95% Cl)

Number
of events Univariate Multivariate1*

Perioperative myocardial ischemia 38 (21%) 1.59 (1.21-2.08) 1.49 (1.12-1.98)
Troponin T release 31 (1 7%) 1.76 (1.33-2.34) 1.63 (1.22-2.19)
Hard cardiac events during follow-up 11 (6%) 1.68 (1.10-2.55) 1.59 (1.03-2.50)

aAdjusted for age, sex, coronary artery disease, history of congestive heart failure, history 
of cerebrovascular events, diabetes mellitus, renal failure, hypertension, dobutamine stress 
echocardiography results and cardiovascular medication. Cl, confi dence interval; NT-proBNP, W-
terminal pro-B-type natriuretic peptide.
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SDNN (r = -0.024, P =0.78) and rMSSD (r = 0.14, P = 0.1) (Fig. 5). Furthermore in 
a subgroup of patients without rest wall motion abnormalities and new wall motion 
abnormalities (n = 130), no correlation was found between baseline NT-proBNP levels 
and preoperative SDNN (r = -0.009, P = 0.9) and rMSSD (r = 0.12, P = 0.08).

DISCUSSION

In this study of patients undergoing major vascular surgery, we found that increased 
levels of preoperative NT-proBNP signifi cantly correlated with an increased incidence 
of perioperative myocardial ischemia during continuous 12-lead electrocardiographic 
monitoring and with increased troponin T 
release. Th is association was independent 
of baseline clinical variables and indepen-
dent of preoperative dobutamine stress 
echocardiography results. No association 
was observed between baseline NT-
proBNP levels and preoperative heart 
rate variability.

N-terminal pro-B-type 

natriuretic peptide and 

periopera tive myocardial 

ischemia

Natriuretic peptides are released 
from the ventricle and play a valuable 
role in the regulation of body fl uid and 
blood pressure. Ventricular wall stress 
causes synthesis and release of natriuretic 
peptides and explains the elevated levels 
in patients with left ventricular dysfunc-
tion. Th e reason for elevated natriuretic 
peptides in patients with ischemic 
heart disease has not been completely 
understood. In an experimental rat model 
of acute myocardial infarction, ventricular 

Figure 4  Receiver operating curve analysis 
demonstrating the optimal cutoff  
value of plasma N-terminal pro-
B-type natriuretic peptide levels 
for predicting the composite of 
perioperative myocardial ischemia 
and troponin T release.
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BNP mRNA expression 
and tissue concentrations 
of BNP were increased 
both in the noninfarcted 
as well as in the infarcted 
region [18]. Another 
study obtained myocardial 
biopsies from patients 
with coronary artery 
disease and demonstrated 
an association between 
BNP mRNA expression 
in ischemic myocardium 
and plasma BNP levels, 
even in the absence of left 
ventricular dysfunction as 

evaluated by ventriculography [19]. Ndrepepa and colleagues [20] found a positive 
association between the level of NT-proBNP and the severity of angiographic coronary 
artery disease in patients with angina pectoris and acute myocardial infarction. It 
has been hypothesized that ventricular wall stress secondary to chronic or repetitive 
ischemia triggers the synthesis and release of natriuretic peptides. Sabatine and 
colleagues [21] mea sured NT-proBNP levels before and after exercise testing with 
nuclear perfusion imaging, and showed that NT-proBNP levels rose immediately in 
patients with exercise-induced transient myocardial ischemia and that the magnitude 
of NT-proBNP rise was associated with the severity of ischemia. Th is study supports 
the notion that natriuretic peptide levels are associated with myocardial ischemia, 
irrespective of baseline rest wall motion abnormalities, and that elevations in natriuretic 
peptides may refl ect early silent or symptomatic ischemic heart disease.

N-terminal pro-B-type natriuretic peptide and heart rate variability

Heart rate variability, a commonly used measure of cardiac autonomic 
dysfunction, mostly refl ects vagal tone. Reduced heart rate variability in patients 
following a myocardial infarction or congestive heart failure has consistently been 
shown to be predictive of sudden, arrhythmic, cardiovascular and noncardiovascular 

Figure 5  A scatter plot demonstrating the correlation 
between the natural logarithm of baseline plasma 
N-terminal pro-B-type natriuretic peptide level 
and preoperative heart rate variability (SDNN).
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mortal ity. Furthermore in patients undergoing major noncardiac surgery at high risk of 
coronary artery disease, depressed heart rate variability before induction of anesthesia 
has been found to be an independent predictor of 1-year mortality [16]. It has been 
hypothesized that natriuretic peptides are released as an early response to cardiac 
autonomic dysfunction, before the onset of clinically detectable cardiac dysfunction. 
In an histological study of a dissected bovine heart, BNP and ANP immunoreactiv-ities 
frequently occur in the atrioventricular bundle and are colocalized in Purkinje fi bers, 
suggesting that natriuretic peptides may act in an autocrine and/or paracrine way in 
the conduction system [22]. It also has been reported that exogenous administration 
of BNP in a rat model can modulate autonomic nervous activity [23]. Th e relation 
between NT-proBNP and the severity of autonomic dysfunction, however, remains 
poorly under stood. A previously published study found in 32 consecutive patients 
with type 2 diabetes that increased levels of plasma BNP correlated with cardiac refl ex 
parasympathetic dysfunction [24]. A signifi cant associa tion between BNP and heart 
rate variability could not be established, which may have been due to the small sample 
size. In this study involving 182 patients, an association between NT-proBNP and 
heart rate variability could also not be established in the total population as well as 
in the population of patients without resting and stress-induced echocardiographic 
abnormalities. Th ere fore, in our opinion, it seems not likely that decreased heart rate 
variability contributes signifi cantly to the synthesis and release of NT-proBNP.

Clinical implications

Risk stratifi cation identifi es patients at risk for perio perative and long-term 
mortality who benefi t from primary and secondary prevention strategies, such as 
risk factor reduction, life-style modifi cation and optimal medical treatment with β-
blockers and statins. Natriure tic peptides are promising markers for risk assessment in 
patients undergoing major vascular surgery. Currently, preoperative risk stratifi cation 
is based on a set of clinical risk factors that allows an estimate of the weighted risk of 
perioperative cardiac complications. According to the American College of Cardiology/
American Heart Associa tion guidelines, preoperative cardiac exercise or pharma-
cological stress testing is recommended in all patients at increased cardiac risk on 
the basis of clinical risk profi le, functional capacity and type of surgery [25]. Extensive 
screening increases costs and delays surgery. Th e optimal algorithm that includes NT-
proBNP for preoperative risk stratifi cation still has to be developed. Although this 
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study was not designed to elucidate the biological mechanism between elevated NT-
proBNP levels and cardiovascular events, the results showed that NT-proBNP levels 
are associated with important correlates of adverse cardiovascular outcome. Ultimately, 
the utility of NT-proBNP lies in its ability to guide and improve perioperative medical 
management.

Study limitations

Several limitations should be noted when interpreting the results of the study. 
Th e results apply to patients undergoing major vascular surgery, and our fi ndings may 
not be generalized to patients undergoing general or low-risk surgery. For troponin 
Trelease, we used a lower cutoff  level of 0.03 ng/ml to defi ne positive troponin T levels. 
Lower troponin T levels were not used, as they do not meet the imprecision criteria 
(coeffi  cient of variation) of < 10%. Th erefore, the results may have been biased to the 
detection of higher troponin T release.

Conclusion

On the basis of this observational study, increased preoperative NT-proBNP 
levels in patients scheduled for major vascular surgery are associated with an increased 
incidence of perioperative myocardial ischemia during 12-lead electrocardiographic 
monitoring and increased tro ponin T release, independent of clinical risk factors and 
dobutamine stress echocardiography results. Th ese fi nd ings support the evidence 
that natriuretic peptides can be used as prognostic marker in patients undergoing 
major vascular surgery. Although it has been hypothesized that NT-proBNP may be 
elevated in patients with cardiac autonomic dysfunction, this study could not establish 
an association between baseline NT-proBNP levels and preoperative heart rate 
variability.
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ABSTRACT

Patients with heart failure (HF) scheduled for vascular surgery have an increased 
risk of adverse postoperative outcome, and stratifi cation usually depends on dichotomous 
risk factors. A quantitative prognostic model for patients with HF was developed using 
wall motion patterns during dobutamine stress echocardiography (DSE). A total of 
295 consec utive patients (mean age 67 ± 12 years) with ejection fraction < 35% were 
studied. During DSE, wall motion patterns of dysfunctional segments were scored as 
scar, ischemia, or sustained improvement. Cardiac death and myocardial infarction 
were noted periopera-tively and during 5 years of follow-up. Of 4,572 dysfunctional 
segments; 1,783 (39%) had ischemia, 1,280 (28%) had sustained improvement, and 
1,509 (33%) had scar. In 212 patients, si ischemic segment was present; 83 had only 
sustained improvement. Periop-erative and late cardiac event rates were 20% and 30%, 
respectively. Using multivariate analysis, number of ischemic segments was associated 
with perioperative cardiac events (odds ratio per segment 1.6, 95% confi dence interval 
1.05 to 1.8), whereas number of segments with sustained improvement was associated 
with improved outcome (odds ratio per segment 0.2, 95% confi dence interval 0.04 to 
0.7). Multivariate independent predictors of late cardiac events were age and ischemia. 
Sustained improvement was associated with improved survival. In conclusion, DSE 
provides accurate risk stratifi cation of patients with HF undergoing vascular surgery. 
© 2007 Elsevier Inc. All rights reserved. (Am J Cardiol 2007;99:1555-1559)
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INTRODUCTION

Preoperative cardiac risk assessment for patients undergo ing major vascular 
surgery is a challenging entity. Patients are mainly stratifi ed according to the number 
of dichoto mous cardiac risk factors.1, 2 At present, risk stratifi cation of patients with 
heart failure (HF) scheduled for vascular sur gery mainly depends on left ventricular 
(LV) function at rest because patients with LV dysfunction have decreased long-term 
survival after major vascular surgery.3–5 However, the presence of myocardial viability, 
in other words, dysfunc tional segments that improve after inotropic stimulation, 
might enhance preoperative risk stratifi cation. Quantifi ca tion of dobutamine stress 
echocardiography (DSE) results would help in this aspect. We tried according to the 
Bayes-ian principle to change the before-test probability in more precise after-test 
quantifi cation of risk and therefore stratify patients with HF more accurately. Th e aim 
of our study is to assess prognostic implications of ischemia or sustained im provement 
as the 2 main patterns of response of viable tissue to DSE in patients with known LV 
ejection fraction ≤ 35% undergoing major vascular surgery.

METHODS

Th e study population included 295 consecutive patients with known LV ejection 
fraction ≤ 35% who were referred to the Erasmus MC (Rotterdam, Th e Netherlands) for 
major vascular noncardiac surgery from June 1999 to June 2001. All patients underwent 
DSE for evaluation of viability. Diabetes mellitus is denned as fasting plasma glucose 
≥ 126 mg/dl on ≥ 2 occasions and/or requirement for insulin or oral hypoglycemic agents 
according to criteria of the Amer ican Diabetes Association.6 Hypercholesterolemia 
is de fi ned as total cholesterol of 200 mg/dl or use of a choles terol-lowering agent. 
Hypertension is denned as systolic blood pressure ≥140 mm Hg, diastolic blood pressure 
≥ 90 mm Hg, or use of antihypertensive medication. Th e local medical ethics committee 
approved the study protocol. Pa tients gave informed consent for the study.

Th e DSE protocol was approved by the Hospital Ethical Committee and performed 
in accordance with well-estab lished protocols.7, 8 Studies were performed using a Sonos 
5500 imaging system (Phillips Medical Systems, Eind hoven, Th e Netherlands). Patients 
underwent a 2-dimen-sional echocardiographic examination at rest using the standard 
apical and parasternal views. Images were recorded on videotape and also digitized 
for comparison of diff erent stages. Dobutamine was administered intravenously using 
an infusion pump, starting at 5 μg/kg/min followed by 10 μg/kg/min for 5 minutes, 
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increasing by 10 μg/kg/min every 3 minutes to a maximum of 40 μg/kg/min (stage 5), 
and continued for 6 minutes. Th e dobutamine infusion was stopped if a target heart 
rate (85% of a theoretical maximal heart rate [men: (220 - age) X 85%; women: (200 
- age) X 85%] was achieved. If the target heart rate was not achieved and patients 
had no symptoms or signs of ischemia, atropine (starting with 0.25 mg, increased 
to a maximum of 2.0 mg) was given intravenously at the end of stage 5 while dobut-
amine administration was continued. During the test, a 12-lead electrocardiogram was 
recorded every minute. Blood pressure was measured every 3 minutes. Metoprolol 
was administered (1.0 to 5.0 mg) intravenously according to heart rate response and 
systolic blood pressure, and after peak stress, images were acquired to achieve a 
recovery phase, denned as heart rate within 10% range of heart rate at rest. Criteria 
for stopping the test were (1) achievement of target heart rate, (2) severe and extensive 
new wall motion abnormalities, (3) horizontal or downsloping ST depression ≥ 0.2 mV 
measured 80 ms after the J point or ST-segment elevation ≥ 0.2 mV in the absence of 
Q waves, (4) symp tomatic decrease in systolic blood pressure > 40 mm Hg or systolic 
blood pressure ≤ 90 mm Hg, (5) hypertension (blood pressure ≥ 240/140 mm Hg), 
(6) occurrence of sus tained cardiac arrhythmias, (7) severe angina pectoris, and (8) 
intolerable adverse eff ects considered to be the result of dobutamine or atropine. Two 
experienced investigators per formed off -line assessment of echocardiographic images 
without knowledge of the patient’s clinical and coronary angiographic data, but with 
knowledge of dobutamine and atropine doses used. Inter- and intraobserver agreement 
for analysis of DSE studies were reported previously (92% and 94%, respectively).9 
Regional function was scored accord ing to a 16-segment 5-point scoring model as 1 = 
normal, 2 = mildly hypokinetic, 3 = severely hypokinetic, 4 = akinetic, and 5 = dyskinetic. 
Wall-motion score index (total score divided by number of segments scored) was calcu-
lated at rest, at low dose, and during peak stress. Myocardial viability was assessed in 
severely dysfunctional segments. Th e 4 types of wall motion responses observed were 
(1) biphasic pattern (ischemia): improvement in wall motion at dobutamine 5, 10, or 
20 mg/kg/min with worsening at higher dosages; (2) worsening only (ischemia); (3) 
sus tained improvement; and (4) no change or scar. Severely dysfunctional segments 
showing a biphasic, sustained, or worsening response were considered viable, whereas 
seg ments with unchanged wall motion were considered scarred.

Evaluated end points were all-cause mortality, cardiac death, and nonfatal 
myocardial infarction. Cardiac death was denned using clinical data of acute myocardial 
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infarc tion and/or signifi cant cardiac arrhythmias and/or refractory congestive heart 
failure, together with electrocardiographic and autopsy studies when available. 
Increases in cardiac isoenzymes and the development of new electrocardio graphic 
changes denned a nonfatal myocardial infarction. In patients with > 1 cardiac event, the 
worst event was chosen of documented cardiac death (worst) and nonfatal infarction 
(less worst). Perioperative cardiac events were considered events that occurred within 
30 days after surgery. Follow-up data were obtained in 2006. Mean long-term follow-
up was 60 ± 24 months after DSE. Physicians who were unaware of patients’ stress test 
results assessed events. Th e present status was determined by contacting the patient’s 
general physician and/or review of hospital records. Th e date of the last interview or 
review was used to calculate follow-up time.

Th e t test was used for continuous variables, and chi-square test was used for 
categorical variables. Characteris tics were summarized as percentages for categorical 
vari ables and mean ± SD for continuous variables. Univariate and multivariate analysis of 
clinical and echocardiographic variables with the end points were assessed using logistic 
regression analysis for the 30-day after-surgery period and using a Cox proportional 
hazards model for long-term fol low-up. All clinical and representative DSE variables 
were considered in the model regardless of their univariate sig nifi cance. Variables were 
selected in a stepwise forward selection manner with entry and retention set at a signifi -
cance level of 0.05. Th e fi tted model included age only for the purpose of adjustment. 
All other models were based on variables selected in the stepwise algorithm, which were 
replaced by dichotomous versions to facilitate ease of clin ical use. Risk of a variable is 
expressed as hazard ratio (HR) or odds ratio (OR) with a 95% confi dence interval (CI). 
Th e probability of cardiac death-free survival was calculated using the Kaplan-Meier 
method, and the resulting curves were compared using log-rank test.10

RESULTS

Patient demographic and clinical characteristics are listed in Table 1. Patients’ 
medications were continued during the study.

During DSE, heart rates increased signifi cantly from rest to peak stress. Rate-
pressure product values at rest, low, and peak were 8,694 ± 286, 13,910 ± 546, and 
17,028 ± 351, respectively. In 91% of patients, target heart rate was reached. Atropine 
was added at peak stress in 97 patients because the majority was on long-term
β-blocker therapy. Mean maximal dobutamine dose was 38 ± 8 μg/kg/min. Side eff ects 
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included hemodynamically stable sustained ventricular tachycardia (> 10 complexes) 
in 4 patients (1%), nonsustained ventricular tachycardia (< 10 complexes) in 14 (5%), 
atrial fi brillation in 4 (1%), and severe hypotension (systolic blood pressure decrease 
> 40 mmHg) in 4 (1%). No myocardial infarction or ventricular fi brillation was re-
corded during or attributed to DSE. Wall motion score index at rest was 2.08 ± 0.50; at 
low dose, 1.39 ± 0.44; and at peak dose, 1.89 ± 0.55. Of 4,572 dysfunctional segments, 
1,783 (39%) showed an ischemic response, 1,280 (28%) had sustained improvement, 
and in 1,509 (33%), motion pat terns were unchanged during DSE and therefore defi ned 
as scar. As expected, all patients with LV dysfunction of ische mic cause had several 
degrees of scar tissue. Two hundred twelve patients had ≥1 ischemic segment, whereas 
83 pa tients experienced only a sustained improvement during DSE. In 26 patients with 
severe ischemia during DSE and symptomatic angina not relieved by medication, the 
cardiac revascularization procedure preceded noncardiac surgery.

Table 1 Study population characteristics (n = 295)

Men 234 (79%)
Women 61 (21%)
Age (yrs) 67 ± 12
Hypertension 87 (29%)
Diabetes mellitus 53 (18%)
Previous myocardial infarction 158 (54%)
Cholesterol >200 mg/dl 77 (26%)
Smoking 114(39%)
Angina 27 (9%)
Previous percutaneous coronary intervention 21 (7%)
Previous coronary artery bypass grafting 56 (19%)
Cardiac medications
Angiotensin-converting enzyme inhibitors 100 (34%)
Aspirin 23 (8%)
Statins 18 (6%)
/3 Blockers 99 (34%)
Calcium channel blockers 79 (27%)
Nitrates 71 (24%)
Diuretics 59 (20%)
Digoxin 28 (9%)
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During the early perioperative period, that is, within 30 days after surgery, 6 patients 
died, 34 patients experienced a nonfatal acute myocardial infarction, and 54 patients 
ex perienced an ischemic cardiac event (increased isoen-zymes). Of these 54 patients, 47 
(87%) had shown ischemia during DSE and 7 (13%) showed sustained improvement (p 
< 0.001). Of 34 patients with acute myocardial infarction, these numbers were 29 (83%) 
and 5 (15%, p < 0.001). Four of 26 patients (15%) who underwent coronary revascular-
ization before vascular surgery experienced a nonfatal myo cardial infarction.

Univariate signifi cant predictors of perioperative cardiac events were cholesterol 
> 200 mg/dl (OR 1.71, 95% CI 1.03 to 2.85, p = 0.04) and ischemia during DSE (OR 
2.77, 95% CI 1.15 to 6.64, p = 0.001).

Multivariate analysis showed that an increased number of segments with 
sustained improvement during DSE compared with the number of ischemic 
segments was associated with improved postoperative outcome. Th e only multivari-
able independent predictors of early perioperative cardiac events were previous 
myocardial infarction (OR 1.5, 95% CI 1.05 to 2.3), ischemia (OR 1.6, 95% CI 1.05 to 
2.8), and sustained improvement during DSE (OR 0.2, 95% CI 0.04 to 0.7, Figure 1). 
For perioperative all-cause mortality, the only independent predictor in multivariate 
analysis was age (OR 1.03, 95% CI 1.05 to 1.1).

Long-term follow-up was successful for all patients. Th e all-cause mortality rate 
was 43% (128 patients), and 70% (89 patients) of that was attributed to cardiac causes. Th ir-
teen patients (4%) experienced a 
nonfatal myocardial in farction. 
Overall, 102 patients (35%) 
experienced >1 hard cardiac 
event. Of 128 patients who 
died from all causes, only 21 
had sustained improvement 
during DSE. Further more, 
only 11 patients with sustained 
improvement during DSE 
died from cardiac causes, 
and another 3 experienced a 
nonfatal myocardial infarction. 
Of 26 patients who under went 

Figure 1  Independent multivariate predictors of cardiac 
events within 30 days after major vascular 
surgery in patients with LV ejection fraction 
< 35%. MI = myocardial infarction.
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coronary revascularization before vas-cular surgery, 6 died from all causes and 7 
experienced late cardiac events, 4 of which were fatal myocardial infarctions.

Univariate analysis for all-cause mortality showed that β-blocker use was 
associated with improved outcome (HR 0.61, 95% CI 0.42 to 0.89, p = 0.006). Sustained 
improvement (HR 0.71, 95% CI 0.49 to 1.01, p = 0.09) and ischemia (HR 1.21, 95% 
CI 0.83 to 1.76, p = 0.30) during DSE were not signifi cant univariable predictors. 
However, in a multivariate model of clinical and echocardiographic parameters, the 
only independent predictors of all-cause mortality were age (HR 1.05, 95% CI 1.02 to 
1.07) and ischemia (HR 1.06, 95% CI 1.02 to 1.12) during DSE.

Univariable predictors of cardiac events are listed in Table 2. Angina was not a 
signifi cant univariate predictor for any event (HR 1.0, 95% CI 0.56 to 1.68, p = 0.55). In 
the multivariate model, age (HR 1.05, 95% CI 1.02 to 1.08) and ischemia during DSE 
(HR 1.9, 95% CI 1.1 to 4.0) were independent predictors of cardiac events, whereas 
sustained improvement (HR 0.5, 95% CI 0.3 to 0.9) proved to be protective.

Kaplan-Meier curves for the end point of cardiac events in patients with sustained 
improvement versus ischemia during DSE are shown in Figure 2.

DISCUSSION

Th is study shows the independent prognostic value of wall motion patterns 
during DSE in patients with LV dysfunction undergoing major vascular surgery for the 

Table 2  Uniavariate predictors of cardiac events (cardiac death and myocardial infarction) 
in patients with heart failure undergoing major vascular surgery

Univariable Predictors HR 95% CI p Value
Previous myocardial infarction 1.51 1.00-2.31 0.05
Hypertension 1.15 0.75-1.78 0.51
Smoking 1.05 0.70-1.57 0.84
Age 1.00 0.59-1.71 0.99
Diabetes mellitus 1.00 0.60-1.70 0.99
β Blockers 0.62 0.38-0.95 0.04
Statins 0.62 0.35-1.09 0.07
Ischemia during low-high DSE 1.65 0.93-2.92 0.06
Sustained improvement during low-high 0.72 0.43-1.22 0.25
DSE
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prediction of cardiac events within 30 days after surgery and for all-cause mortality and 
hard cardiac events during a long-term mean follow-up of 5 years.

Our results show that sustained improvement during DSE provides a protective 
eff ect in both the early periop-erative period and for long-term cardiac events. 
Conversely, ischemia proved to be hazardous in both early and long-term follow-up 
periods. When patients with sustained im provement were compared with patients 
with ischemia dur ing DSE, they experienced signifi cantly fewer events in the early 
perioperative period (p < 0.001). Moreover, the diff  erence in survival during long-term 
follow-up regarding cardiac events between the 2 diff erent viability responses during 
DSE was signifi cant (p = 0.02; Figure 2).

Ischemia during DSE also predicted decreased survival in all-cause mortality.
Furthermore, the benefi cial eff ect that β blockers exert in patient survival11 was 

reconfi rmed in our study for both all-cause mortality and late cardiac events.
It is extensively reported that cardiovascular complica tions are the leading cause 

of death after noncardiac sur gery.12–14 Th at was also the case in our study. We found 
that 70% of total mortality was attributed to cardiac causes. Furthermore, patients 
with LV dysfunction at rest had greatly decreased long-term survival after noncardiac 
sur gery.14–18 Regarding early perioperative outcome, this was not clearly shown, maybe 
because of the inability of LV ejection fraction at rest to provide information regarding 
severe underlying coronary artery disease.14 Th erefore, us ing DSE, we further stratifi ed 
patients with LV dysfunction 
at rest according to viability 
profi le. Viable patients with 
sustained improvement experi-
enced much fewer cardiac 
events during the fi rst 30 days 
after surgery compared with 
patients with an ischemic 
response in low-high DSE.

Th is is in accordance with 
a previous study by Landes-
berg et al.19 Although these 
investigators used thallium scan 
and not DSE, they similarly 

Figure 2  Kaplan-Meier curves show survival from 
cardiac events in patients with LV ejection 
fraction (LVEF) < 35% who underwent major 
vascular surgery with sustained improvement 
versus ischemia during low-high DSE.
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found that ischemia was associated with an increased incidence of troponin increase 
during the early perioperative period.19, 20 Also, in a previ ous study from our group, the 
presence of new wall motion abnormalities during DSE was a powerful determinant of 
increased risk of perioperative events.14, 21 Other studies also showed similar results.22–24 
However, the present study is the only 1 to our knowledge that shows a clear benefi t for 
patients with LV dysfunction and sustained improvement during DSE regarding early 
perioperative outcome. Espe cially patients with predominantly sustained improvement 
are at lower risk and might respond favorably to low-dose inotropic stimulation during 
surgery. However, in patients with a predominantly ischemic response, β blockers or 
revascularization could be considered. Previous studies evaluated the role of extended 
ischemia detection in stress echocardiography with either dobutamine.11, 14, 25 or dipyrid-
amole26 and its correlation with late cardiac events in patients undergoing noncardiac 
surgery. Furthermore, the extent of fi xed and reversible perfusion defects on di-
pyridamole thallium scintigraphy was a signifi cant indicator of late cardiac risk.23, 27 
We also found similar results re garding the probability of all-cause mortality and long-
term cardiac events. However, our study population was more homogenous because it 
consisted of only patients with known LV dysfunction of ischemic origin. Moreover, we 
tried to investigate further possible stratifi cation of these patients according to viability 
response during DSE. Using an extensive Internet search of medical libraries, we con-
cluded that our study is the fi rst to our knowledge showing a benefi cial eff ect of a 
sustained improvement response during DSE for viability estimation in this group of 
patients for the end point of long-term cardiac death.

A possible limitation of our study is that as an observa tional one, it relied mainly 
upon medical records and ad ministrative data, meaning that eff ects of some cardiac 
risk factors could be biased. Nevertheless, most predictive val ues that we found are 
in concordance with previous studies from both our and other institutions. Another 
possible lim itation could be that we did not investigate the impact of response to 
dobutamine according to type of surgery. How ever, the aim of our study is to provide a 
more accurate stratifi cation of risk of patients with LV dysfunction irre spective of type 
of scheduled surgery.
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ABSTRACT

Objectives Th e purpose of this research was to perform a feasibility study of 
prophylactic coronary revascularization in patients with preoperative extensive stress-
induced ischemia.

Background Prophylactic coronary revascularization in vascular surgery patients 
with coronary artery disease does not improve postoperative outcome. If a benefi cial 
eff ect is to be expected, then at least those with extensive coronary artery disease 
should benefi t from this strategy.

Methods One thousand eight hundred eighty patients were screened, and those 
with 3 risk factors underwent cardiac testing using dobutamine echocardiography (17-
segment model) or stress nuclear imaging (6-wall model). Th ose with extensive stress-
induced ischemia (> 5 segments or > 3 walls) were randomly assigned for additional revas-
cularization. All received beta-blockers aiming at a heart rate of 60 to 65 beats/min, and 
antiplatelet therapy was continued during surgery. Th e end points were the composite of 
all-cause death or myocardial infarction at 30 days and during 1-year follow-up.

Results Of 430 high-risk patients, 101 (23%) showed extensive ischemia and were 
randomly assigned to revascularization (n = 49) or no revascularization. Coronary 
angiography showed 2-vessel disease in 12 (24%), 3-vessel dis ease in 33 (67%), and 
left main in 4 (8%). Two patients died after revascularization, but before operation, 
because of a ruptured aneurysm. Revascularization did not improve 30-day outcome; 
the incidence of the com posite end point was 43% versus 33% (odds ratio 1.4, 95% 
confi dence interval 0.7 to 2.8; p = 0.30). Also, no benefi t during 1-year follow-up was 
observed after coronary revascularization (49% vs. 44%, odds ratio 1.2, 95% confi dence 
interval 0.7 to 2.3; p = 0.48).

Conclusions In this randomized pilot study, designed to obtain effi  cacy and 
safety estimates, preoperative coronary revascularization in high-risk patients was not 
associated with an improved outcome. (J Am Coll Cardiol 2007;49: 1763-9) © 2007 by 
the American College of Cardiology Foundation

Abbreviations and Acronyms: ACC = American College of Cardiology; AHA = 
American Heart Association; CABG = coronary artery bypass graft; Cl = confi dence 
interval; LVEF = left ventricular ejection fraction; OR = odds ratio; PCI = percutaneous 
coronary intervention
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INTRODUCTION

Patients with multiple cardiac risk factors scheduled for major vascular surgery 
are at increased risk of perioperative cardiac compli cations. According to the guidelines 
of the American College of Cardiology/American Heart Association (ACC/AHA), it 
is highly recommended to refer these patients for noninvasive cardiac stress testing 
before surgery (1). Th e guidelines also recom mend coronary angiography for patients 
with high-risk noninvasive test results, and myo-cardial revascularization in pa-
tients with prognostic high-risk anatomy in whom long-term outcome is likely to be 
improved. However, noninvasive testing may delay surgery and run the risk of aortic 
aneurismal rupture or exacerbation of critical limb ischemia. Furthermore, coronary 
revascularization is commonly performed by percutaneous coro nary intervention 
(PCI) with stent placement instead of bypass sur gery (CABG). Although this ap proach 
prevents further delay of the index surgical procedure, it necessitates the prolonged use 
of extensive antiplatelet therapy, which may aggravate the risk of perioperative bleeding 
complications. But tem porary discontinuation of antiplatelet therapy is potentially 
harmful, as it may lead to in-stent thrombosis (2,3).

Th e current ACC/AHA recommendations are based on small observational, 
noncontrolled studies and expert opin ion (4,5). Th e usefulness of the strategy of 
prophylactic revascularization was not confi rmed by the recently com pleted CARP 
(Coronary Artery Revascularization Prophy laxis) randomized trial (6). In this trial, 
the incidence of perioperative myocardial infarction was similar in patients allocated 
to prophylactic revascularization versus those allo cated to optimal medical therapy 
(12% vs. 14% events). Th ere was also no benefi cial eff ect observed during long-term 
follow-up. However, it should be realized that the vast majority of patients included in 
the CARP trial had single-or 2-vessel disease with a preserved left ventricular function. 
Indeed, based on previous research from our group, suffi   cient cardioprotection by 
medical therapy can be expected in these patients, which may explain the CARP trial 
fi ndings (7). In contrast, patients with multiple cardiac risk factors and extensive stress-
induced myocardial ischemia are insuffi   ciently protected (7).

Hence, if a benefi cial eff ect of the invasive strategy of prophylactic revascularization 
is to be expected, then at least patients with extensive coronary artery disease 
should ben efi t from this strategy. We therefore undertook the DE CREASE (Dutch 
Echocardiographic Cardiac Risk Evalu ation Applying Stress Echo)-V pilot study to 
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assess the feasibility and to obtain initial effi  cacy and safety estimates for the design of 
an adequately powered randomized con trolled clinical trial in these patients.

METHODS

Patients

Th is study was conducted during 2000 to 2005 in 6 hospitals in Belgium (until 
2001), Brazil (until 2001), the Netherlands, Italy, Serbia, and Montenegro. Th e early 
cessation in participation to the study of 2 centers was due to logistic reasons. A total of 
1,880 consecutive patients undergoing elective open abdominal aortic or infrainguinal 
arterial reconstruction were screened for the prevalence of cardiac risk factors (Fig. 1). 

Figure 1  Flowchart of the Study Cardiac – risk factors included age over 70 years, angina 
pectoris, prior myocardial infarction (Ml) on the basis of history or a fi nding of 
pathologic Q waves on electrocardi-ography, compensated congestive heart failure 
or a history of congestive heart failure, current treatment for diabetes mellitus, renal 
dysfunction (serum creatinine >160 /μmol/l), and prior stroke or transient ischemic 
attack. Patients with > 3 risk factors and extensive ischemia were randomly (1:1) 
assigned to coronary revascularization.
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Th ese included age over 70 years, angina pectoris, prior myocardial infarction on the 
basis of history or a fi nding of pathologic Q_waves on electrocardiography, compensated 
congestive heart fail ure or a history of congestive heart failure, drug therapy for 
diabetes mellitus, renal dysfunction (serum creatinine > 160 μmol/l), and prior stroke 
or transient ischemic attack (7). Patients with at least 3 risk factors underwent cardiac 
stress testing before surgery. All patients who experienced extensive stress-induced 
ischemia were en rolled in the DECREASE-V pilot study.

All patients provided informed consent, and the study was approved by the 
Erasmus Medical Center Medical Ethics Committee and local research ethics 
committees.

Cardiac testing

Left ventricular ejection fraction (LVEF) was measured from resting 
echocardiographic images using the biplane Simpson’s rule. Cardiac stress testing was 
performed by dobutamine echocardiography or dobutamine or dipyridamole perfusion 
scintigraphy, as previously de scribed (8,9). Test results were scored by the extent of 
stress-induced ischemia using a 17-segment model in do butamine echocardiography 
and a 6-wall model in stress perfusion scintigraphy. Limited ischemia was defi ned by 
the presence of 1 to 4 ischemic segments or 1 to 2 ischemic walls, whereas extensive 
ischemia was defi ned by ≥ 5 isch emic segments or ≥ 3 ischemic walls.

Allocated treatment

Perioperative beta-blocker therapy was installed in all patients at the screening 
visit, regardless of test results. A computer algorithm was used at each center to assign 
patients with extensive stress-induced isch emia randomly, in a 1:1 ratio, to 1 of the 2 
strategies. Th e sealed envelope method was used to conceal treatment allocation, and it 
was assured that envelopes were opened in consecutive order. Patients were randomized 
to either an invasive approach followed by revascularization or a nonin vasive approach. 
Quantitative analysis of all coronary an-giographies was reviewed centrally at Erasmus 
Medical Center, Rotterdam, the Netherlands, by 2 experienced cardiologists. Th ey 
assessed independently the number of aff ected vessels. Th e mode of revascularization, 
CABG or PCI with stenting, was decided by the treating physicians, based on coronary 
anatomy and the possible delay of the index surgical procedure. Patients allocated to 
the medical-only strategy were referred for surgery without further delay.
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Beta-blocker therapy

Patients on chronic beta-blocker therapy continued their medication. Patients 
without beta-blockers started with bisoprolol 2.5 mg once a day at the screening visit. 
Beta-blocker dose was adjusted in all pa tients at admission to the hospital and on the 
day before surgery to achieve a resting heart frequency of 60 to 65 beats/min. Th e same 
dose of beta-blockers was continued postoperatively except in patients who were unable 
to take medication orally or by nasogastric tube postoperatively. In these patients, the 
heart rate was monitored continuously at the intensive care unit or hourly at the ward, 
and intrave nous metoprolol was administered at a dose suffi  cient to keep the heart 
rate between 60 to 65 beats/min. Th e heart rate and blood pressure were measured 
immediately before each scheduled dose of beta-blockers. Beta-blockers were withheld 
if the heart rate was < 50 beats/min or the systolic blood pressure was < 100 mm 
Hg. After discharge, patients continued beta-blocker therapy, and dose adjustments 
were carried out during outpatient visits to achieve a resting heart frequency of 60 to 
65 beats/min.

Perioperative management

Anesthetic management, monitoring, and other aspects of perioperative 
management were at the discretion of the attending physician. Results of preoperative 
testing and coronary revascularization were discussed with the attending physicians, 
and hemodynamic management was implemented accordingly. Anticoagulant and 
antiplatelet therapy was continued after PCI and during the index surgical procedure. 
Intraoperative ischemia was treated at the discretion of attending physicians, and addi-
tional beta-blockers were permitted.

End point defi nition

All patients were monitored for cardiac events after screening. Twelve-lead 
electrocardio gram (ECG) and serum troponin-T level were systemati cally determined 
1, 3, 7, and 30 days after surgery. Outpa tient follow-up was performed at 30 days if a 
patient had been discharged from the hospital. At the outpatient clinic, all patients 
were screened at 3-month intervals for cardiac events by clinical history and 12-lead 
ECG. All data were collected by the participating centers and evaluated in a blinded 
fashion by members of the adverse-events commit tee. Th e primary end point was the 
composite of all-cause death and nonfatal myocardial infarction that occurred between 
screening and 30-days after the index surgical procedure. Patients were followed-up 
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during at least 1 year after surgery, and the composite of all-cause death and nonfatal 
myocardial infarction during this period was con sidered as secondary end point. 
Myocardial infarction within 48 h after CABG was defi ned as a creatine kinase (CK)-
MB rise above 5X the local upper limit of normal. Myocardial infarction within 48 h 
after PCI was defi ned as a CK-MB rise above 3X the upper limit of normal.

Myocardial infarction within 30 days after the index surgical procedure was 
defi ned as a positive troponin-T level in combination with new Qjwaves on the ECG 
lasting more than 0.03 s. In all other situations, myocardial infarctions were defi ned by 
new Qjwaves lasting more than 0.03 s.

Sample size

Th e purpose of this pilot study was to assess the feasibility of prophylactic 
revascularization in high-risk patients scheduled for major vascular surgery, and to 
obtain initial effi  cacy and safety estimates needed for the design of an adequately 
powered randomized controlled clinical trial. We aimed for the enrollment of 100 
patients, 50 in each strategy. Based on the DECREASE-I study (7), an incidence 
of 33% of the primary end point was expected in the patients allocated to optimal 
medical therapy only. It was recognized a priori that a modest, but clinically relevant, 
risk reduction by prophylactic revascularization would not be detectable given this 
sample size. However, if the benefi cial eff ect of revascularization was similar to the 
observations in the CASS (Coronary Artery Surgery Study) registry (85% risk reduction 
associated with prior CABG in vascular surgery), then our study has 93% power (type 
II error of 7%), based on a 2-sided test with a type I error of 5%.

Statistical analysis

All analyses were based on the intention-to-treat principle. Continuous data are 
presented as median values and corresponding 25th and 75th percen-tiles, whereas 
dichotomous data are presented as percent ages. Diff erences in clinical and surgical 
characteristics between patients allocated to revascularization or no revas cularization 
were evaluated by Wilcoxon nonparametric tests, chi-square tests, or Fisher exact tests, as 
appropriate. Diff erences in the incidence of the end points were evalu ated by a chi-square 
test. Th e incidence of events over time was further examined by the Kaplan-Meier method, 
whereas a log-rank test was applied to evaluate diff erences between the allocated treatment 
strategies. Analyses were performed according to the intention-to-treat principle. All 
statistical tests were 2-sided, and a p value < 0.05 was considered signifi cant.
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RESULTS

Characteristics of patients

A total of 1,880 vascular surgery patients were enrolled and screened for cardiac 
risk factors (Fig. 1), and 430 (23%) were classifi ed as high risk, who were referred 
for cardiac testing. Testing showed extensive ischemia in 101 (22%). Dobutamine 
echocardiog-raphy was performed in 88 (88%), and stress scanning in 13 (13%). No 
serious side eff ects occurred during stress testing. Of 101 patients with extensive 
stress-induced ischemia, 49 patients were randomized for coronary revascularization. 
A reduced LVEF (< 35%) was observed in 43 (43%) patients. No patient had signifi cant 
valve disease such as aortic stenosis or mitral valve regurgitance. Coronary angiography, 
performed in patients allocated to the invasive strategy, showed 2-vessel disease in 
12 (24%), 3-vessel disease in 33 (67%), and left main disease in 4 (8%). A PCI was 
performed in 32 patients, using a drug-eluting stent in 30 and a bare-metal stent in 2, 
and bypass surgery in 17. Th ere were no diff erences in the presence of ischemic heart 
disease (i.e., previous myocardial infarction and angina pectoris) or other baseline 
characteristics between the randomized groups (Table 1). Complete revascularization 
was achieved in 42 (86%). Incomplete revascularization occurred in 7 (15%) patients 
initially scheduled for a percutaneous intervention. Bypass surgery was considered 
not feasible in these patients as the index procedure could not be further delayed. 
Th e median duration of revascularization to oper ation was 29 (13 to 65) days in 
the 17 patients undergoing bypass surgery and 31 (19 to 39) days in the 32 patients 
undergoing a percutaneous intervention.

Antiplatelet therapy, using aspirin and clopidogrel, was continued during surgery 
in all patients who underwent a PCI. Th e median perioperative blood transfusion 
require ment in patients with and without antiplatelet therapy was similar: 2 versus 3 
U (p value = 0.25).

Perioperative cardiac events

Two patients died before vascular surgery because of a ruptured aneurysm 
after successful bypass surgery. Th eir aortic diameters were, respectively, 62 and 73 
mm. In 1 patient, a myocardial infarction occurred after an incomplete coronary 
revas cularization. Th is precluded the proceeding of the sched uled vascular surgery. 
Revascularization did not improve 30-day outcome after vascular surgery. Troponin 
eleva tion was found in 38.8% in the noninvasive group versus 34.7% in the invasive 
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Table 1 Baseline Characteristics
Revascularizatior No Revascularization

Number of patients 49 52
Age (yrs) 71 (64, 74) 70 (63, 75)
Men 42 (86%) 47 (90%)
History of diabetes 18 (37%) 15 (29%)
Current angina pectoris 25 (51%) 22 (42%)
History of myocardial infarction 49 (100%) 50 (96%)
History of congestive heart failure 23 (47%) 24 (46%)
History of cerebrovascular accident 20 (41%) 13 (25%)
History of renal failure 9 (18%) 11 (21%)
Aspirin use 37 (76%) 30 (58%)
Beta-blocker use 34 (70%) 36 (69%)
ACE inhibitor use 28 (57%) 22 (42%)
Statin use 34 (69%) 30 (58%)
Type of surgery
Th oraco-abdominal 5 (10%) 5 (10%)
Tube graft 11 (22%) 14 (27%)
Bifurcated graft 10 (20%) 15 (29%)
Femoro-popliteal 23 (47%) 18 (35%)
Right coronary artery disease 39 (80%) -
Left artery descending 46 (94%) -
Left circumfl ex artery 37 (76%) -
Number of diseased vessels –
1 0 –
2 12 (24%) –
3 33 (67%) –
Left main disease (%) 4 (8%) –

ACE = angiotensin-converting enzyme.

group. Th e incidence of all-cause death or nonfatal myocardial infarction for patients 
with preoperative revasculanzation or medical treatment only was 43% versus 33%, 
respectively (odds ratio [OR] 1.4, 95% confi dence interval [Cl] 0.7 to 2.8; p = 0.30) 
(Table 2). Also, no diff erence was observed in the incidence of perioperative cardiac 
events between patients treated by pro phylactic bypass surgery or percutaneous 
intervention (41.1% vs. 43.8%, respectively).



138

Late cardiac events

Th e incidence of the 1-year end point all-cause death or nonfatal myocardial 
infarction in high-risk patients was 47%. In high-risk patients, no long-term benefi t 
was observed after coronary revascularization; re spectively, 49% versus 44% of patients 
with preoperative revascularization or medical treatment only died or experi enced a 
nonfatal myocardial infarction (OR 1.2, 95% Cl 0.7 to 2.3; p = 0.48) (Fig. 2). No patients 
initially randomized for medical therapy underwent revascularization within 1 year 
of follow-up. One patient randomized to the invasive strategy underwent a redo PCI 
because of myocardial infarction in the fi rst year of follow-up.

Implications for a study design

Assuming that the event rates in the 101 studied patients are representative of 
what would occur in the planned study, the required sample size for a randomized 
study to establish defi nitively that coro nary revascularization is superior to medical 
therapy to improve postoperative outcome in high-risk patients by 20% (relative risk) 
compared to optimal medical therapy would be over 300 patients per arm. Th is would 
require a sample size of 9,000 major vascular surgery patients, of which 2,000 patients 
have 3 or more cardiac risk factors at screening.

Table 2 Patient Outcome
Revasculanzation

n (%)
No Revasculanzation 

n (%)
HR

(95% Cl) p Value

Number of patients 49 52
Events before surgery
All-cause mortality 2 (4.1) 0 - 0.23
Myocardial infarction 1 (2.1) 0 -
Composite 3 (6.1) 0 – 0.11
Events up to 30 days after surgery
All-cause mortality 11 (22.5) 6(11.5) 2.2 (0.74-6.6) 0.14
Myocardial infarction 17 (34.7) 16 (30.8) –
Composite 21 (42.9) 17 (32.7) 1.4 (0.73-2.8) 0.30
Events up to 365 days after surgery
All-cause mortality 13 (26.5) 12 (23.1) 1.3 (0.55-2.9) 0.58
Myocardial infarction 18 (36.7) 19 (36.5)
Composite 24 (49.0) 23 (44.2) 1.2 (0.68-2.3) 0.48

Cl = confi dence interval; HR = hazard ratio.
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DISCUSSION

Th e concept of a benefi cial eff ect of prophylactic coronary revascularization 
before major vascular surgery is based on the assumption that perioperative myocardial 
infarctions arise at locations in coronary arteries with hemodynamically critical stenosis, 
elicited by the stress of surgery. Preopera-tive coronary revascularization might prevent 
this devastat ing event and, in addition, improve long-term outcome. Th is hypothesis was 
supported by the CASS study that showed a reduced incidence of nonfatal myocardial 
infarc tions after previous bypass surgery among vascular surgery patients compared 
with those treated medically (8.5% vs. 0.6%, p = 0.001) (4). More recently, the data from 
the BARI (Bypass Angioplasty Revascularization Investigation) trial showed that bypass 
surgery and PCI had similar low rates of postoperative cardiac events in noncardiac 
surgery (5). However, these studies were not designed to assign the optimal strategy in 
severely ill patients with extensive coronary artery disease immediately before major 
vascular surgery. In addition, these studies could not address the concern of delaying 
the vascular surgical procedure because of testing, revascularization, and initiation of 
antiplatelet therapy since the time between revascularization and non-cardiac surgery 
in these studies was, respectively, 4.1 and 2.4 years.

Figure 2  Patient Outcome – Incidence of All-Cause Death or Myocardial Infarction During 
1-Year Follow-Up According to the Allocated Strategy in Patients With 3 or More 
Cardiac Risk Factors With Extensive Stress-Induced Ischemia

Light line = best medical treatment only;
dark line = best medical treatment and prophylactic revascularization.
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Th e randomized CARP trial was the fi rst study that addressed the strategy of 
prophylactic revascularization compared with optimal medical therapy in patients 
with clinically stable coronary artery disease who were scheduled for major vascular 
surgery (6). Th is trial showed that prophylactic revascularization was safe but did 
not improve perioperative or long-term outcome. Th e long-term mor tality was 22% 
in patients allocated to prophylactic coronary revascularization, compared with 23% 
in the medical only strategy (p = 0.92). Also, the incidence of perioperative nonfatal 
myocardial infarction was similar, respectively, 12% and 14% (p = 0.37). In the present 
study, the eff ect of prophylactic revascularization was comparable to the eff ect reported 
by McFalls et al. (6), although the study population is diff erent. Th e current study 
population consisted of 12% women, 43% of the patients had a reduced left ventricular 
function (LVEF < 35%), and the vast majority of patients, 75%, had 3-vessel or left main 
disease compared with 33% in the CARP trial. In a subgroup of 37 comparable patients 
of the CARP trial (i.e., 3 or more cardiac risk factors and extensive stress-induced 
ischemia assessed by noninvasive testing), prophylactic coronary revascularization 
was associ ated with a favorable, nonsignifi cant trend for long-term survival (OR 4.0, 
95% CI 0.8 to 19). If a benefi cial eff ect of revascularization was to be expected, this 
should have occurred in the selected population with high-risk anatomy. However, 
this was not observed, although the current study was not powered to test this 
strategy. A study to establish the eff ect of coronary revascularization would require, 
based on the fi ndings of this pilot study, a screening population of 9,000 patients, of 
which 2,000 would have 3 or more risk factors, and of these 600 would have extensive 
stress-induced ischemia during cardiac testing and be eligible for randomization to 
revascularization. Our fi ndings support the current guidelines of the ACC/AHA 
on perioperative management in high-risk patients to reserve revasculariza tion 
only for cardiac unstable patients. After successful vascular surgery, these patients 
should be regularly screened for the presence of ischemic complaints, and aggressive 
anti-ischemic therapy, both medical and invasive, should be considered. As shown 
in Figure 2, a trend was observed for a “catch up” of late cardiac events in patients 
treated medically. In these patients at high risk scheduled for major vascular surgery, 
prophylactic revascularization might be switched to late revascularization, preventing 
the delay of surgery.

Th e apparent lack of benefi t of coronary revascularization of the present study is 
not fully understood. Most likely, patients with stress-induced ischemia not only suff er 
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from a blood fl ow-limiting coronary lesion but also from (multiple) nonsignifi cant lesions 
that are vulnerable to rupture due to the stress of surgery (10). Th e perioperative stress 
response, which includes a cytokine response, catecholamine surge with associated 
hemodynamic stress, vasospasm, reduced fi brinolytic activity, platelet activation, and 
consequent hy-percoagulability, triggers coronary plaque rupture, leading to thrombus 
formation and subsequent vessel occlusion (11,12). Autopsy results have shown that 
this mechanism is responsible for at least half of all perioperative infarctions (10,12). 
Th ese fi ndings are in line with dobutamine echo-cardiography results that show a 
correlation between the assessment of the preoperative culprit coronary lesion and 
the location of the perioperative myocardial infarction in only half of all cases (13). 
Surgical or percutaneous treat ment of the culprit coronary lesion(s) apparently provides 
insuffi  cient protection for rupture of these instable lesions.

Th e optimal perioperative evaluation and management of patients with multiple 
risk factors and extensive stress-induced ischemia remains controversial. Success will 
depend on careful collaboration between cardiologists, anesthesiol ogists, and surgeons. 
In patients with aortic aneurysms, a surgical repair is performed to reduce the chance 
of aneurysm-related death. It might be hypothesized that abdominal aortic aneurysm 
repair should not be performed in this high-risk group. As the current trial shows, open 
repair poses an unacceptable 30-day cardiac event rate of approximately 30%, whereas 
the chance of aneurysm rup ture is around 9 per 100 person-years. Endovascular treat-
ment modalities may be an alternative for these high-risk patients. Although the EVAR 
(Endovascular Aneurysm Repair)-2 trial showed no benefi t of elective endovascular 
repair in patients deemed unfi t for open repair because of comorbidities (14), these 
fi ndings were not confi rmed in the recently conducted study by the Society for Vascular 
Surgery Outcomes Committee. In a group of 565 high-risk patients, matched for the 
EVAR-2 inclusion criteria, undergoing endovascular repair, perioperative mortality 
was 2.9%. Th ese promising results need to be confi rmed in a large study population. 
Importantly, in all cases, an individualized strategy should be performed, weighing the 
chances of future aneurysms rupture or limb salvage instead of ampu tation and short-
term perioperative events.

CONCLUSIONS

In this small randomized pilot study, designed to obtain initial effi  cacy and safety 
estimates for the design of an adequately powered randomized controlled clinical trial, 
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preoperative coronary revascularization in high-risk vascular surgery patients with 
extensive stress-induced ischemia was not associated with an improved postoperative 
and long-term outcome.
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ABSTRACT

Background. Screening for abdominal aortic aneurysms (AAA) is cost-eff ective 
and timely repair improves outcome. Using standard ultrasound (US) an AAA can 
be accurately diagnosed or ruled-out. However, this requires training and bulk 
equipment.

Aim. To evaluate the diagnostic potential of a new hand-held ultrasound bladder 
volume indicator (BVI) in the setting of AAA screening.

Methods. In total, 94 patients (66 ± 14 years, 67 men) referred for atherosclerotic 
disease were screened for the presence of AAA (diameter > 30 mm using US). All 
patients underwent both examinations, with US and BVI. Using the BVI, aortic volume 
was measured at 6 pre-defi ned points. Maximal diameters (US) and volumes (BVI) 
were used for analyses.

Results. In 54 (57%) patients an AAA was diagnosed using US. Th e aortic diameter 
by US correlated closely with aortic volume by BVI (r = 0.87, p < 0.0001). Using a cut-off  
value of ≥ 50 ml for the presence of AAA by BVI, sensitivity, spec ifi city, positive and 
negative predictive value of BVI in detection of AAA were 94%, 82%, 88% and. 92%, 
respectively. Th e agreement between the two methods was 89%, kappa 0.78.

Conclusion. Th e bladder volume indicator is a promising tool in screening 
patients for AAA.

Keywords: Abdominal aortic aneurysm; Screening; Ultrasound; Volume.
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INTRODUCTION

Abdominal aortic aneurysm (AAA) requires both early detection and timely repair 
to reduce aneurysm-related mortality and improve outcome. Th e preva lence of AAA is 
strongly infl uenced by age and gender and can be detected in 5–8% of men and in 1% of 
women over the age of 65 years.1–4 Since eff ective screening programs are not established 
yet, diagnosis of an AAA is still frequently made at the time of rupture or impending 
rupture, which leads to a dramatic increase of postoperative mortality and morbidity.5

Cost-eff ectiveness of screening for AAA is highly dependent on the selection of 
the patient population.

Several diagnostic techniques, including ultrasound and computerized 
tomography, can be used for the detection of AAA. However, these techniques are 
expensive and usually require bulky equipment with a trained staff , which prevails the 
widespread use for screening purposes. Considering the increased incidence of AAA in 
the near future, a simple and in expensive screening device that can also be used out side 
the hospital setting in the general population is useful.

Th is prospective study sought to evaluate the diag nostic potential and accuracy in 
AAA screening of a low cost hand-held ultrasound scanner for the three-dimensional 
measurement, originally intended as an automatic bladder volume indicator (BVI). As 
a reference, a standard ultrasound device (US) was used. Th e study was designed to test 
the hypothesis that BVI would be helpful in detection of AAA in a high-risk patient 
population.

METHODS

Study population

Th e study population consisted of 94 patients referred because of atherosclerotic 
disease to the outpatient clinic of the Erasmus University Medical Center, Rot terdam, 
the Netherlands. Patients were screened for cardiovascular risk factors, including: age, 
hyperten sion, angina pectoris, previous myocardial infarction, heart failure, stroke, 
renal failure (serum creatinine > 2 mg/dl), smoking, diabetes mellitus, hypertension, 
and hypercholesterolemia. Medical therapy was noted in all.

After informed consent was obtained, all patients underwent both examinations, 
with US and BVI. Th e examinations were performed by a physician skilled and 
experienced in abdominal ultrasono-graphic practice. Examinations with BVI were re-
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peated by a second physician similarly skilled and experienced. Physicians were blinded 
for the previous fi ndings. An abdominal aortic aneurysm was defi ned as an abdominal 
aorta of > 30 mm.

Hand-held US scanner for the three-dimensional assessment

of volumes (BVI)

Th e Mobile Bladderscan BVI 6400 (Diagnostic Ultra sound, Bothell, WA, USA) 
is a non-imaging volumetric ultrasound device that is designed for automatic mea-
surement of bladder volume (Fig. 1a). It measures ultrasonic (3.7 MHz) refl ections 
within the patient’s body on 12 rotational planes within a 120 degree sector, detects 
fl uid-tissue borders, creates a 3-dimensional shape of the organ, and calculates the fl uid 
volume.6 Transducer is slightly focused, with focus at 6–8 cm.

When imaging on the lower abdomen, a penetration depth of 14–16 cm is 
possible. An aiming icon on the instrument’s LCD screen guides the user to optimal 
positioning of the scan-head, to ensure accuracy of measurement. After pressing the 
scan button, the vol ume is reported on the LCD screen within 5 seconds (Fig. 1b). 
With the BVI, the aortic volume in milliliters was measured in every patient lying in 
supine position with elevated knees at six pre-defi ned symmetrical to pographic points 
around the abdominal midline until the level of umbilicus. Maximal measured volume 
was used for the analysis.

Standard two dimensional duplex US device

Th e standard US device Sonos 5500 (Hewlett Packard, Andover, Massachussets, 
USA) was used for examina tion of abdominal aorta. All ultrasound examinations were 

Figure 1 Bladder volume indicator (a) and principle of acquirement of measurements (b).
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focused on the identifi cation of the infrarenal aorta and assessment of its diameter in 
transverse (anterior–posterior) and sagittal (left-to-right) dimen sion at four levels. All 
diameters were measured from edge to edge of the aortic wall, including intraluminal 
thrombus, when present. Th e values of obtained mea surements were expressed in 
centimeters, and maximal measured diameter was used for the analysis.

Statistical analysis

Descriptive statistics were reported as means (±SD) for normal distributions or 
as median (range) in case of a skewed distribution. A comparison of results between 
the groups obtained by both US and BVI was analyzed using the Student t test; the test 
results were considered signifi cant at a p value of less than .05. BVI and US produce 
measures that cannot be compared directly (volumes and diameters, respectively). 
Th ere fore, correlation of results obtained by US and BVI was assessed by Spearman’s 
coeffi  cient of rank correla tion. Th e diagnostic accuracy and predictive value of BVI 
was compared with US, which was considered the standard tool for assessment of 
AAA diameter. Th e agreement for the measurements between the two examination 
techniques was assessed by 2 x 2 tables using weight kappa statistics. Kappa values 
< 0.4,0.4–0.75, and > 0.75 were considered to represent poor, fair to good, and excellent 
agreement respectively, based on Fleiss’s classifi cation.7 All analysis was per formed using 
the statistical software SPSS for Windows 12.0.1 (SPSS Inc., Chicago, Illinois, USA).

RESULTS

Patient’s characteristics of the study population are shown in Table 1. As shown 
patients presenting with an AAA were predominantly males. Patients with an aortic 
aneurysm also were older and more fre quently had a history of myocardial infarction 
as com pared to those without an aortic aneurysm. Th e US and BVI examinations 
were feasible in all patients. Th e median maximal aortic diameter in the total study 
population using US was 39 mm (range 14–85). A total of 54 (57%) patients had a 
abdominal aortic di ameter > 30 mm. Th e median maximal aortic volume measured by 
BVI was 71 ml (range 14–210 ml).

Maximal aortic diameter assessed by US correlated closely with the maximal 
aortic volume by BVI (r = 0.87, p < .0001, 95% CI = 0.81-0.91, Fig. 2). Using a cut-off  
value of >50 ml for the presence of AAA by BVI, sensitivity, specifi city, positive and 
negative pre dictive value of the BVI in detection of AAA were 94%, 82%, 88% and 
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92%, respectively. Th e agreement between US and BVI in detecting an AAA was 89%, 
kappa 0.78 (Table 2). Inter- and intraobserver variabil ity of BVI measurements were 
93% and 94%.

DISCUSSION

Th e prognosis for ruptured AAAs is poor. Th erefore, screening of patients at 
risk and timely elective repair improves outcome. Th e preferred screening method is 
ultrasound imaging. It is cheaper than other imaging modalities and non-invasive. 
Ultrasonography can measure the size of AAA with accuracy of 2–3 mm, with 
sensitivity and specifi city approaching 99%.8–10 With ultrasonography it is poss-ible 
to diagnose or rule-out the AAA rapidly and accurately.10, 11 At pres ent, ultrasound 
screening with standard US devices re quires training and bulky equipment. We 
hypothesized that the BVI can be used for the screening of AAA.

Th is study shows that BVI can be eff ectively used for the detection of AAA in 
high-risk individuals. To our knowledge this device has never been utilized for this 

Table 1. Characteristics of study population

Characteristic
All 

patients
(n = 94)

Patients 
with AAA 

(n = 54)

Patients 
without AAA

(n = 40)
P-value

Age, years (SD) 66 ±14 70 ±11 62 ±17 .009
Males (%) 67 (71) 45 (83) 22 (55) .003
BMI (kg/m2) 25 ±4 25 ±4 25 ±4 ns
Myocardial infarction (%) 20 (21) 16 (29) 4(10) 0.04
Angina pectoris (%) 18 (19) 9(16) 9(23) ns
Heart failure (%) 5(5) 4(7) 1(3) ns
Renal failure (%) 5(5) 5(9) 0 ns
Diabetes mellitus (%) 12 (13) 7(13) 5(13) ns
Hypertension (%) 50 (53) 30 (56) 20 (50) ns
Cerebrovascular disease (%) 15 (16) 7(13) 8(20) ns
Current or former smoking (%) 76 (81) 47 (86) 29 (73) ns
Hypercholesterolaemia (%) 43 (46) 21 (39) 22 (55) ns
Aortic diameter by US, mm (SD) 39 ±19 52 ±16 21 ±4 .001
Aortic volume by BVI, ml (SD) 71 ±47 96 ±48 37 ±14 .001

AAA = abdominal aortic aneurysm; BMI = body mass index; US = standard ultrasound device; 
BVI = bladder volume indicator, ns = not signifi cant (i.e. p > 0.05).
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purpose before. Th e sensitivity, 
specifi city and accuracy for the 
detection of AAA are very similar 
to those of US. Th ere is a good 
correlation between di ameter 
obtained by US and volume 
obtained by BVI. Considering its 
low cost (about €8.000 for the BVI 
6400), steep learning curve and 
potential wide spread availability, 
screening for AAA using this de-
vice is promising.

Bladder volume indicator 
(BVI), presented for the fi rst time 
in 1988, was originally designed 
for the esti mation of postvoid 
residual volumes. Th e device is 
inexpensive and can eff ectively be 
used after a short training. Since 
now, several generations of BVIs were widely applied in clinical practice, and they 
proved to be a very useful tool in diagnosing and management of voiding dysfunction. 
A measurement method of bladder volume is diff erent between BVI and US. Several 
reports in urological literature found that the BVI is as reliable and accurate as the 
standard US to measure postvoid residual urine.12, 13

Recently, it has been shown that portable US de vices can also be successful 
in screening patients with risk-factors for AAA.2, 14, 15 Compared to the por table US 

Figure 2  Correlation between maximal diameter of 
aorta mea sured by standard ultrasound 
device (US) and maximal vol ume of aorta 
measured by bladder volume indicator 
(BVI).

Table 2  Agreement of diameter measured by ultrasound device (US) and volume measured 
by bladder volume indicator (BVI). Number of patients: 94. Values of > 30 mm for 
US and > 50 ml for BVI were considered suggestive for the presence of AAA

US
< 30 mm > 30 mm

BVI < 50ml
≥ 50ml

33
7 3 51

Agreement 89%; Kappa = 0.78.
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devices, the BVI is simpler for use, requires a shorter training period, and is roughly 
four times cheaper. Because of this, it is presumable that BVI could be adopted in near 
future for the large screen ing programs for AAA, and that the examination could be 
performed by a nurse or a technician.

Th e BVI uses a three-dimensional ultrasound tech nique detecting volumes, 
in contrast to conventional ultrasound techniques measuring anterior–posterior or 
sagittal diameter. Th ere are few publications regard ing the volume measurements for 
detection and follow-up of aneurysmal disease of the aorta, and ac cording to them 
the volumetric assessment has poten tial advantages. Being that a three dimensional 
change is refl ected by a much smaller change in two dimen sions, it might be concluded 
that volume measure ments are more accurate than the measurements of diameter, 
because they will encounter changes in aneurysm size earlier.16 Currently, volumetric 
measurement using CT is suggested as diagnostic method of choice in follow-up 
of patients after endovascular AAA repair (EVAR), but this is time-consuming and 
requires spe cifi c and expensive hardware and software for acquir ing data.17–19 We 
hypothize that the BVI may play a role in the follow-up of patients after EVAR.

Th ere are several factors infl uencing BVI results. Th e BVI has a 120 degrees angle 
of view for every of 12 rotational planes, and interpolates between planes creating a 3-
dimensional reconstruction of diff  erently shaped cavities for the volume measurement. 
In the case of tube-like cavity with open ends, such as the abdominal aorta, the BVI 
takes one sample (part) of that cavity, and calculates its volume. Th e size of that 
sample primarily depends on the depth at which the abdominal aorta lies and on the 
penetration depth of the US beam. Th is means that when the AAA is close to the 
anterior abdominal wall the sample taken by the BVI for the volume measurement 
will be smaller than the sample of the same AAA which is po sitioned deeper in the 
abdomen (Fig. 3). Taking into consideration technical characteristics of the BVI 6400, 
we have estimated that the volume of 50 ml cor responds with the AAA which diameter 
is 30 mm (by the defi nition, the lower diameter considered for the AAA), and which 
is positioned close to the anterior abdominal wall. For this reason, we have decided 
to use this value as the cut-off  point for the presence of the AAA. Also, sampling at 
several diff erent points (in our study at six symmetrical predefi ned points) di minishes 
the chance to skip aneurysmaticaly changed part of the abdominal aorta.

Other possible problems, which could infl uence the BVI results, might be: 
extracted edges between aortic wall and blood, thickened aortic wall, irregular aortic 
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wall, and confusing inferior vena cava or bowel for ab dominal aorta. Th e later might 
be overcome by the ad dition of a Doppler measurement, identifying blood fl ow coming 
from the heart compared to veneous return. Operator depending factors include the 
angle between BVI and the abdominal wall and compatibil ity between abdominal wall 
and ultrasound probe.

At present the BVI can not be used as a diagnostic tool. Th e results of this pilot 
study imply that a second ary examination by the standard US is recommended in 
patients with measured volumes larger than 50 ml.

Future directions. Th is study showed the potential of a hand-held automatic US 
bladder device to detect AAA in a high-risk patient population. It is interesting to 
determine its potential role in screening of medium-risk population, in follow-up of 
patients with known AAA, especially after EVAR (potential presence of endovascular 
leak), and in screening of fi rst-degree relatives of patients with AAA. Future studies are 
needed to clarify these issues.
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ABSTRACT

Screening for abdominal aortic aneurysms (AAAs) in patients at risk will become 
more cost eff ective if a simple, inexpensive, and reliable ultrasound device is available. 
Th e aim of this study was to compare a 2-dimensional, handheld ultrasound device 
and a newly developed ultrasound volume scanner (based on bladder scan technology) 
with computed tomography (CT) for diagnosing AAA. A total of 146 patients (mean 
age 69 ± 10 years; 127 men) were screened for the presence of AAAs (diameter > 3 
cm) using CT. All patients were examined with the handheld ultrasound device and 
the volume scanner. Maximal diameters and volumes were used for the analyses. 
AAAs were diagnosed by CT in 116 patients (80%). Th e absolute diff erence of aortic 
diameter between ultrasound and CT was < 5 mm in 88% of patients. Limits of 
agreement between ultrasound and CT (-6.6 to 9.4 mm) exceeded the limits of clinical 
acceptability (±5 mm). An excellent correlation between ultrasound and CT was 
observed (r = 0.98). Th e correlation coeffi  cient between the volume scanner and CT 
was 0.86, with agreement of 90% and k value of 0.73. Using an optimal cut-off  value of 
> 56 ml, denned by receiver-operating characteristic curve analysis, sensitivity, specifi c-
ity, and the positive and negative predictive values of the volume scanner for detecting 
AAA were 90%, 90%, 97%, and 71%, respectively. In conclusion, this study shows that a 
2-dimensional, handheld ultrasound device and a newly developed ultrasound volume 
scanner can eff ectively identify patients with AAAs confi rmed by CT. © 2007 Elsevier 
Inc. All rights reserved. (Am J Cardiol 2007;100:1786-1791)
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INTRODUCTION

In this prospective study, we evaluated the diagnostic potential and accuracy of 
abdominal aortic aneurysm (AAA) detection using 2 diff erent ultrasound devices. Th e 
fi rst was a 2-dimensional, duplex, handheld ultrasound device (USHH). Th e second was 
a newly developed, low-cost, handheld ultrasound volume scanner for 3-dimen sional 
measurements, originally intended as an automatic bladder volume indicator (BVI). Axial 
computed tomo-graphic measurements of aortic diameter were used as a reference.

METHODS

Th e study population consisted of 146 consecutive patients referred to the 
Department of Vascular Surgery of the Eras mus Medical Center (Rotterdam, Th e 
Netherlands) for sur gical treatment of peripheral arterial disease. Th e hospital’s ethics 
committee approved the study, and all patients gave informed consent. Patients were 
screened for the following cardiovascular risk factors: age, angina pectoris, previous 
myocardial infarction, hypertension, heart failure, stroke, renal failure (serum creatinine 
> 2 mg/dl), smoking, diabe tes mellitus, and hypercholesterolemia (total cholesterol 
≥ 200 mg/dl, low-density lipoprotein cholesterol ≥ 100 mg/ dl, or receiving statin therapy). 
Medical therapy was noted in all patients at enrollment. All patients underwent exam-
inations with USHH and the BVI in random order. Th e examinations were performed and 
reviewed by 2 physi cians, both skilled and experienced in abdominal ultra-sonography. 
Each physician was blinded to the computed tomographic measurements.

Axial computed tomographic examinations were per formed with the Siemens 
Somatom Sensation 16 machine (Siemens AG, Munich, Germany). Th e examinations 
were performed with 4-mm slice thickness and 4-mm increments, with 100 ml of 
nonionic contrast medium. Results were reported as the maximal diameter of the 
infrarenal aorta in any direction. An AAA was defi ned as an abdominal aorta ≥ 30 mm 
in diameter by computed tomography (CT).

Th e handheld ultrasound device SonoSite Titan (SonoSite Inc., Bothell, 
Washington) is a small unit with a 2- to 5-MHz probe (Figure 1). Th e ultrasound 
examination was focused on the identifi cation of the infrarenal aorta. Th e measurement 
of its maximal diameter was obtained using on-screen calipers from edge to edge of the 
aortic wall, including the intraluminal thrombus if present. Th e probe was maintained 
perpendicular to the aortic blood fl ow determined by color Doppler to yield orthogonal 
sections of the aorta. Measurements were taken from the lowest renal artery to the 
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aortic bifurcation. Th e maximal obtained di ameter in any direction, expressed in 
millimeters, was used for analysis.

Th e Mobile Bladderscan BVI 6400 (Diagnostic Ultra sound, Bothell, Washington) 
is a nonimaging volumetric ultrasound device designed for the automatic measurement 
of bladder volume (Figure 1). It measures ultrasonic (3.7 MHz) refl ections within a 120° 
sector, detects fl uid-tissue borders, creates a 3-dimensional shape of the organ, and 
calculates the fl uid volume.1 Th e transducer is slightly fo cused, with focus at 6 to 8 cm. 
When imaging on the lower abdomen, a penetration depth of 14 to 16 cm is possible. 
An aiming icon on the instrument’s liquid crystal display guides the user to optimal 
positioning of the scan head to ensure the accuracy of measurement. After pressing 
the scan button, the volume is reported on the liquid crystal display within 5 seconds. 
With the BVI, aortic volume (in milliliters) was measured at 6 predefi ned symmetrical 
topographic points around the abdominal midline until the level of the umbi licus in 
every patient lying in the supine position with elevated knees. Th e maximal measured 
volume was used for analysis.

Descriptive statistics are reported as mean ± SD for those normally distributed 
or as medians and ranges in case of skewed distribution. Measurements among the CT, 

Figure 1  SonoSite Titan (SonoSite Inc., Bothell, Washington) (A) and Mobile Bladderscan BVI 
6400 (Diagnostic Ultrasound, Bothell, Washington) (B). (C, D) Images of an AAA 
obtained by these 2 devices.



159

USHH, and BVI groups were analyzed using the paired Student’s t test. A p value < 0.05 
was considered signifi cant. Correlations among CT, USHH, and BVI were assessed 
using Spearman’s coeffi  cient of rank correlation. Th e vari ability between CT and USHH 
was calculated according to the method described by Bland and Altman and is reported 
as 95% limits of agreement (LOAs; mean diff erence ± 2 SD), also adding the limits 
of ≤ 2 mm and ≥ 5 mm and the concept of the ”clinically acceptable diff erence.”24 Th ese 
limits express the proportion of observed diff erences within each limit. Th e clinically 
acceptable LOAs were denned as -5 to 5 mm.5 Bland-Altman analysis could not be per-
formed between CT and BVI, because these 2 methods assess diff erent metric units 
(millimeters and milliliters, respectively). Th e diagnostic accuracy and predictive value 
of the BVI were compared with those of CT, which was considered the reference tool 
for the assessment of maximal aortic diameter. Th e 2X2 tables using weight k statistics 
assessed the agreement between BVI and computed tomo-graphic measurements. 
Kappa values < 0.4, 0.4 to 0.75, and > 0.75 were considered to represent poor, fair to 
good, and excellent agreement, respectively, on the basis of Fleiss et al’s6 classifi cation. 
Receiver-operating characteristic curve analysis was used to determine the optimal 
cut-off  value of the volumes obtained by the BVI to predict AAA. All analysis was 
performed using SPSS version 12.0.1 for Win dows (SPSS, Inc., Chicago, Illinois).

RESULTS

Th e characteristics of the study population are listed in Table 1. Patients with 
AAAs were predominately men and were older compared with patients without AAAs. 
USHH and BVI measurements were feasible in all patients. In 116 patients (79%), the 
diameter of the infrarenal aorta was >30 mm on CT; the diameter was 30 to 50 mm 
in 32 patients and >50 mm in 84 patients. Th e average diff erence between computed 
tomographic and USHH mea surements for the whole group was 1.4 ± 4 mm; the dif-
ferences were 0.5 ± 2.7 mm in patients with aortic diame ters <30 mm, 0.5 ± 3.7 mm in 
patients with aortic diameters of 30 to 50 mm, and 2.0 ± 4.4 mm in patients with aortic 
diameters >50 mm. Computed tomographic measurements were larger than USHH 
measurements in 78 patients (53%), smaller in 51 (35%), and equal in 17 (12%). Th e 
diff erence between the 2 measurements was < 2 mm in 54 patients (37%) and > 5 mm in 
18 patients (12%). Th e clinically acceptable diff erence between computed tomo graphic 
and USHH measurements of < 5 mm was present in 128 patients (88%). Th e mean 
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diameter measured by CT in the total study population and in patients with AAAs > 50 
mm was signifi cantly larger than the paired mean diameter measured by USHH (51 ± 
21 vs 49 ± 20 mm, p <0.0001, and 65 ± 13 vs 63 ± 13 mm, p < 0.0001, respectively). 
Th ere was no statistically signifi cant diff erence in aortic diameters measured by CT 
and USHH in patients without AAAs and with AAAs of 30 to 50 mm (21 ± 5 vs 21 
± 4 mm, p > 0.05, and 41 ± 6 vs 40 ± 7 mm, p > 0.05, respectively). Th e LOAs between 
computed tomographic and USHH measurements were poor: -6.6 to +9.4 mm for the 
total population (Figure 2), –4.9 to +5.9 mm for non-aneurysmal aortas, –6.9 to 7.9 mm 
for AAAs of 30 to 50 mm, and -6.8 to +10.8 mm for AAAs > 50 mm. Th is implies that 
in 95% of cases, the diff erence in computed tomographic and USHH measurements 
was expected to be between these values, which clearly exceed the limit of clinical 
acceptability (±5 mm). However, the diameter measured by USHH closely correlated 
with the measure ments by CT (r = 0.977, p < 0.0001, 95% confi dence interval 0.968 
to 0.983; Figure 3). In addition, the agree ment between CT and USHH was 97% 
(k = 0.89). Sensi tivity, specifi city, and the positive and negative predictive values of 

Table 1 Baseline characteristics of the study population

Variable
AAA

All Patients
(n = 146)

Present
(n = 116)

Absent
(n = 30) p Value

Age (yrs) 69 ± 10 71 ± 8 61 ± 13 0.003
Men 127 (87%) 105 (91%) 22(71%) 0.006
Body mass index (kg/m2) 26 ± 4 26 ± 4 28 ± 6 NS
Myocardial infarction 57 (39%) 49 (43%) 8 (26%) NS
Angina pectoris 41 (28%) 33 (29%) 8 (26%) NS
Heart failure 19 (13%) 17 (15%) 2 (7%) NS
Hypertension 77 (53%) 63 (55%) 14 (45%) NS
Renal failure 32 (22%) 28 (24%) 4 (13%) NS
Diabetes mellitus 24 (16%) 16 (14%) 8 (26%) NS
Cerebrovascular disease 30 (20%) 23 (20%) 7 (23%) NS
Current or former smoker 81 (56)% 67 (58%) 14 (45%) NS
Hypercholesterolemia 71 (49%) 54 (47%) 17 (55%) NS
Aortic diameter by CT (mm) 51 ± 21 58 ± 16 21 ± 5 < 0.0001
Aortic diameter by USHH (mm) 49 ± 20 57 ± 15 21 ± 4 < 0.0001
Aortic volume by BVI (ml) 103 ± 60 119 ± 56 40 ± 13 < 0.0001

Data are expressed as mean ± SD or as number (percentage).
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USHH in detecting AAA were 97%, 97%, 99%, and 88%, respectively. Th e coeffi  cients 
of variation for the measurement of aortic diameter were 12% for 2 observers and 6% 
for the repeated measurements of 1 observer.

Th e median maximal aortic volume measured by the BVI was 87 ml (range 12 to 
288) for the whole group, 39.5 ml (range 12 to 71) for nonaneurysmal aortas, 66.5 ml 
(range 25 to 157) for AAAs of 30 to 50 mm, and 132 ml (range 40 to 288) for AAAs 
> 50 mm. A good correlation was observed between computed tomographic and BVI 
measurements (r = 0.857, p < 0.0001, 95% confi dence interval 0.807 to 0.895; Figure 3). 
Th e optimal cut-off  value of the volume measured by the BVI to predict the presence of 
AAA was 56.5 ml, using receiver-operating characteristic curve analysis (area under the 
curve 0.96; Figure 4). Using this cut-off  value, sensitivity, specifi city, and the positive 
and negative predictive values of the BVI in detecting AAA were 90%, 90%, 97%, and 
71%, respectively. Th e agree ment between CT and the BVI was 90% (k = 0.73). Th e 
coeffi  cients of variation for the measurement of aortic vol ume were 27% for 2 observers 
and 12% for the repeated measurements of 1 observer.

Figure 2  Bland-Altman plot of the diff erence between USHH and CT. Th e solid line denotes 
the mean arithmetic diff erence, and the dashed lines denote 2 SDs (95% LOAs).
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Figure 3 (A) Correlation between USHH and CT. (B) Correlation between the BVI and CT.
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Figure 4  Receiver-operating characteristic curve analysis demonstrating the optimal cut-off  
value of the BVI for the presence of AAA.



164

DISCUSSION

Th is study shows that USHH and the BVI can eff ectively be used for the detection 
of AAAs in high-risk patients.

Advances in ultrasonography have led to the develop ment of relatively inexpensive 
handheld devices with wide spread clinical applicability. Ultrasound is practical for 
screening, whereas CT is the preferred method for preop-erative imaging in patients 
with AAAs. A number of studies have found contradictory results in comparing 
ultrasound technology with CT in patients with or without AAAs. Several studies 
reported larger aortic diameters during ultrasound compared with CT.78 However, most 
studies found that aortic diameter tends to be smaller during ultra sound compared 
with CT.349 Th e largest mean diff erence was 9.4 mm, as observed in a study by Sprouse 
et al.5 Th e present study also found smaller aortic diameters with ul trasound compared 
with CT, with a mean diff erence of 1.4 mm. Th ese fi ndings may be explained by oblique 
slicing of AAAs during axial CT, with overestimation of the maximal aneurysmal 
diameter, especially in instances of signifi cant vessel angulation. Despite the relative 
lack of agreement (-6.6 to +9.4 mm), the correlation between ultrasound and CT was 
excellent (r = 0.98). In addition, with the high sensitivity and specifi city (97% for both) 
and low propor tion of absolute diff erence in measured diameters > 5 mm (12%) in our 
study, ultrasound can be an excellent tool for the screening of AAA.

Th e low-cost handheld ultrasound scanner for 3-dimen sional measurement, 
originally intended as an automatic BVI, is another device with potential widespread 
clinical applicability in AAA screening. Potential advantages of this device are its 
volumetric assessment with early detection of 3-dimenstional changes in aortic size. 
Wever et al10 ex plained that the 3-dimensional change in AAA size is re fl ected by much 
less 2-dimensional change. Th is is espe cially important for the follow-up of patients 
after endovascular AAA repair, because volume measurements can encounter changes 
in aneurysm size due to endoleaks earlier than simple 2-dimensional measurements. 
However, volumetric measurements using CT are time consuming and require specifi c 
and expensive equipment for acquiring the data.11–13 In addition, the BVI is simple to 
use, requires a short training period, is relatively cheap (about €8,000 for the BVI 6400), 
and can be used by a nurse or a technician. Several urologic studies found that the BVI 
is almost as accurate as standard ultrasonography in estimating postvoid residual urine. 
Th is study is the fi rst to compare the BVI with CT in the setting of AAA screening. 
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Th is study found a good correlation (r = 0.86) and agreement (k = 0.73) between the 2 
devices. Th e high specifi city (90%) suggests an excellent screening potential in patients 
at risk for AAA.

Several factors infl uence BVI measurements. Th e BVI has a 120° angle of view 
for each of the 12 rotational planes and interpolates between planes, creating a 3-
dimensional reconstruction of diff erently shaped cavities for the volume measurement. 
In the case a of tubelike cavity with open ends, such as the abdominal aorta, the BVI 
takes 1 sample of that cavity and calculates its volume. Th e size of that sample depends 
primarily on the depth at which the abdom inal aorta lies and on the penetration depth of 
the ultrasound beam. Th is means that when the AAA is close to the anterior abdominal 
wall, the sample taken by the BVI for the volume measurement will be smaller than the 
sample of the same AAA that is positioned deeper in the abdomen. However, in the 
present study, we used sampling at several diff erent points (6 symmetrical predefi ned 
points) to dimin ish the chance of missing aneurysmatically changed parts of the 
abdominal aorta.

At the time of writing, the BVI cannot be used as a diagnostic tool for AAA, 
because it is not offi  cially regis tered for this indication. Our results imply that secondary 
examination by ultrasound or CT should be recommended in patients with measured 
volumes > 50 mm.
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SUMMARY

Th is thesis gives insight in diagnostic burden of atherosclerosis as polyvascular 
disease (PVD), as well as in its prognostic burden since diff erent manifestations of 
atherosclerosis are leading cause of morbidity and mortality in general population. 
Later is of paramount importance in surgical patients – each year about 100 million 
adults undergo some form of non-cardiac surgery, of whom 1 million will have some 
kind of postoperative atherosclerotic complication (predominantly cardiac); in 25% 
percents of those, cardiac complications will be the cause of death. At the highest risk 
for this kind of complications are the patients undergoing vascular surgery because 
they usually have symptomatic or asymptomatic atherosclerosis in multiple vascular 
territories. In order to prevent possible perioperative cardiovascular complications, it 
is of critical importance to identify patients with asymptomatic atherosclerotic disease 
and underlying risk factors, to estimate properly their perioperative risk using diff erent 
scoring systems and non-invasive imaging techniques, and to treat them accordingly. 
Th is approach provides the reduction of short-term, as well as long-term adverse 
cardiovascular events.

Chapter 1 explains the prevalence of PVD, and its relationship with cardiovascular 
risk factors and hs-CRP. In patients with one symptomatic arterial territory, 
atherosclerotic disease in other arterial territories was common, with over two-thirds 
of these patients having more than one aff ected site. Importantly, when relying only 
on clinical history, 35% of patients would have been misclassifi ed as having only one 
aff ected arterial territory. Systematical screening of patients with peripheral arterial 
disease using ultrasound modalities signifi cantly increases the number of patients with 
PVD. Furthermore, hs-CRP showed a close relationship with the number of aff ected 
vascular territories and increased gradually with every additional vascular territory 
aff ected. When hs-CRP is added to clinical cardiovascular risk factors, it appears to be 
a strong predictor for the presence of PVD (OR 3.81, 95% CI 2.39-6.09).

Patients with PVD are often candidates for diff erent surgical procedures. Early 
or late perioperative cardiovascular morbidity and mortality are among the major 
problems in those patients. Th e majority of postoperative cardiovascular complications 
are caused by sudden or prolonged myocardial ischemia due to a primary coronary 
event (such as plaque erosion and/or rupture, fi ssuring, or dissection) or due to 
either increased oxygen demand or decreased supply (such as coronary artery spasm, 
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coronary embolism, anemia, arrhythmias, hypertension, or hypotension). To reduce 
postoperative cardiovascular morbidity and mortality, preoperative screening is of 
paramount importance. Th is screening involves identifi cation of potential risk factors, 
as well as diff erent noninvasive imaging modalities. In Chapters 2 and 3 is described 
the current status of preoperative risk stratifi cation for patients undergoing non-
cardiac surgery. Clinical cardiac risk markers, together with the type and urgency of 
planed surgery, can truly stratify patients in intermediate- and high-risk population. 
Intermediate-risk patients can probably be operated without any additional noninvasive 
screening, and should be treated with β-blockers (aiming HR 60-65/min) and statins. 
In addition to intensive medical therapy with β-blockers and statins, high-risk patients 
should be screened noninvasively for the extent of underlying CAD if that will change 
treatment management. Th e choice of the test should be based on the centers’ 
experience and short-term availability. Although coronary revascularization did not 
show signifi cant advantages compared to the medical therapy in high-risk patients, 
it has to be considered in patients with unstable CAD. In patients in whom coronary 
revascularization was done by PCI with stents, antiplatelet therapy should only be 
discontinued perioperatively if bleeding risks with increased mortality or sequels are 
comparable with the observed cardiovascular risks after its withdrawal. 

Coronary artery disease, the major cause of postoperative morbidity and 
mortality, can be asymptomatic in quite a number of surgical patients. Chapter 
4 describes the prevalence and prognostic importance of asymptomatic coronary 
disease in patients undergoing major vascular surgery. Based on the fi ndings of wall 
motion abnormalities on rest or stress echocardiography, asymptomatic coronary 
disease defi ned as unrecognized MI or silent myocardial ischemia was found in 23% 
and 28% of patients, respectively. Two main predictors of those serious preoperative 
fi nding were both diabetes and heart failure. Unrecognized MI and silent myocardial 
ischemia are signifi cantly associated with poor long-term prognosis, with two-fold 
higher incidence of mortality and major cardiac events, which is comparable to the 
symptomatic coronary artery disease. Th is fi nding implies benefi t from cardiovascular 
medication (beta-blockers and statins) in surgical patients with asymptomatic coronary 
artery disease.

Recent advances in medicine established endovascular procedures as an 
alternative to conventional surgical procedures, especially in cases of abdominal 
aortic aneurysms. Endovascular procedures are followed by less cardiac stress, and 
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subsequently lower incidence of postprocedural major cardiac events. In Chapter 5 
is shown that endovascular repair of abdominal aortic aneurysms in comparison with 
open surgery is associated with lower incidence of myocardial ischemia (OR 0.14, 
95% CI 0.05 - 0.40, p < 0.001), troponin T release (OR 0.10, 95% CI 0.02 - 0.32, p 
< 0.001), and new-onset cardiac arrhythmias (14% vs. 29%, p < 0.04). Also, 30-day 
mortality (zero vs 8.7%, p < 0.03) and 30-day cardiac event rates (zero vs. 7.9%, p < 
0.04) were signifi cantly lower in patients who underwent endovascular AAA repair. In 
contrast, long-term mortality and cardiac event rates were not signifi cantly lower in 
the endovascular AAA repair group.

In Chapter 6 is demonstrated the value of glucose and HbA1c in defi ning 
perioperative and long-term risk in vascular surgery patients. Th e management of 
these patients remains a challenge. Patients with impaired glucose regulation do not 
meet the criteria for diabetes, but have impaired glucose metabolism, which places 
them at risk for developing diabetes or cardiovascular disease. We observed that 
survival in patients with impaired glucose metabolism was comparable with survival 
in patients with diabetes. Patients with impaired glucose regulation and diabetes were 
at 2.2- and 2.6-fold increased risk of ischemia, 3.8- and 3.9-fold for troponin T release, 
4.3- and 4.8-fold for 30-day cardiac events and 1.9- and 3.1-fold for long-term cardiac 
events. Patients with HbA1c > 7.0% were at 2.8-fold, 2.1-fold, 5.3-fold and 5.6-fold 
increased risk for ischemia, troponin T release, 30-day and long-term cardiac events, 
respectively.

Positive correlation between elevated NT-proBNP with perioperative ischemia, 
shown in Chapter 7, supports its use as a marker of coronary artery disease and 
as prognostic marker in patients undergoing major vascular surgery. Increased 
preoperative NT-proBNP levels in patients scheduled for major vascular surgery are 
associated with an increased incidence of perioperative myocardial ischemia during 
12-lead electrocardiographic monitoring (OR 1.59, 95% CI: 1.21 – 2.08, P < 0.001) and 
increased troponin T release (OR: 1.76, 95% CI: 1.33 – 2.34, P < 0.001), independent of 
clinical risk factors and preoperatively obtained dobutamine stress echocardiography 
results.

Patients with heart failure (HF) scheduled for vascular surgery have an increased 
risk of adverse postoperative outcome, and risk stratifi cation usually depends on clinical 
risk factors. Dobutamine stress echocardiography is a useful tool for more precise 
risk stratifi cation of this group of patients. In Chapter 8 is shown the independent 
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prognostic value of wall motion patterns during DSE in patients with HF undergoing 
major vascular surgery for the prediction of cardiac events within 30 days after surgery 
and for all-cause mortality and hard cardiac events during a long-term mean follow-up 
of 5 years. Sustained wall motion improvement during DSE provides a protective eff ect 
in both the early perioperative period and for long-term cardiac events. Conversely, 
ischemia (worsening in wall motion) proved to be hazardous in both early and long-
term follow-up periods.

It is believed that coronary revascularization prior to non-cardiac surgery might 
be prophylactic in high cardiac risk patients. As shown in Chapter 9, 101 vascular 
surgery patients with high cardiac risk (three or more clinical risk factors, and extensive 
ischemia on DSE) were randomly assigned to preoperative cardiac revascularization 
or no revascularization. Coronary angiography showed 2-vessel disease in 12 (24%), 3-
vessel disease in 33 (67%), and left main in 4 (8%) patients, respectively. Revascularization 
did not improve 30-day outcome; the incidence of the composite end point was 43% 
versus 33% (odds ratio 1.4, 95% confi dence interval 0.7 to 2.8; p < 0.30). Also, no benefi t 
during 1-year follow-up was observed after coronary revascularization (49% vs. 44%, 
odds ratio 1.2, 95% confi dence interval 0.7 to 2.3; p < 0.48).

Cardiovascular morbidity and mortality could be prevented by vascular screening 
and managing high-risk individuals. Th is screening programme can be cost eff ective 
and result in signifi cant health improvements if appropriately targeted. Screening 
for abdominal aortic aneurysms (AAA) is cost-eff ective and timely repair improves 
outcome. In Chapters 10 and 11 are evaluated two newly developed ultrasound devices 
in purpose of AAA screening. Th e fi rst is a 2-dimensional, duplex, handheld ultrasound 
device (USHH), and the second is a newly developed, low-cost, handheld ultrasound 
volume scanner for 3-dimensional measurements, originally intended as an automatic 
bladder volume indicator (BVI). Validation of those two devices is done by comparing 
their measurement results with the results of two established techniques - standard 
ultrasound (US) and computerized tomography (CT). Th e aortic diameter by US and 
CT correlated closely with aortic volume by BVI (r = 0.87, and r = 0.86, respectively). 
Also, the aortic diameter by CT correlated closely with aortic diameter by USHH (r = 
0.98). Both handheld devices showed high sensitivity, specifi city, and the positive and 
negative predictive values for detecting AAA confi rmed by US or CT.
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SAMENVATTING

Dit proefschrift biedt inzicht in de diagnostische mogelijkheden om 
atherosclerotische aandoeningen op verschillende plaatsen in het lichaam op te 
sporen, immers atherosclerose is een gegeneraliseerde ziekte. Tevens wordt de 
prognostische waarde van deze aandoeningen besproken. In een volgende fase is dit 
van belang bij chirurgische patiënten – jaarlijks ondergaan 100 miljoen patiënten een 
chirurgische ingreep. Ongeveer 1 miljoen van deze patiënten hebben postoperatieve 
cardiovasculaire complicaties, waarvan een kwart met fatale uitkomst. Patiënten die 
een vaatchirurgische ondergaan hebben het hoogste risico omdat zij atherosclerotische 
afwijkingen hebben in meerdere vaatgebieden,  symptomatisch dan wel asymptomatisch.  
Om cardiovasculaire complicaties te voorkomen is het van belang patiënten met 
asymptomatisch atherosclerose en onderliggende risicofactoren te identifi ceren. Het is 
dan mogelijk om op een juiste manier hun perioperatief risico voor hart- en vaatziekten 
in te schatten, gebruik makend van laboratorium bepalingen en niet invasieve screening 
methoden en daarna als zodanig te behandelen. Deze aanpak biedt de kans op een 
vermindering van cardiovasculaire complicaties, zowel binnen 30-dagen na de operatie 
als op lange termijn.

In Hoofdstuk 1 wordt gegeneraliseerde atherosclerose besproken alsmede der 
relatie met risicofactoren voor hart- en vaatziekten en ontsteking parameters. Bij 
patiënten met één symptomatisch arterieel  vaatgebied kwam atherosclerose ook in andere 
gebieden voor. Meer dan twee derde van deze patiënten heeft meer dan één aangetast 
vaatgebied.  Het is belangrijk op te merken dat wanneer patiënten alleen aan de hand 
van klinische symptomen worden beoordeeld, 35% verkeerd zou worden geclassifi ceerd. 
Systematisch onderzoek van patiënten met perifeer arterieel vaatlijden met ultrageluid 
verbetert de diagnostiek van gegeneraliseerde atherosclerose. Tevens werd gevonden, 
dat een ontsteking parameter (hs-CRP)  een relatie aantoont met het aantal aangetaste 
vaatgebieden. Deze waarde neemt toe met elk nieuw aangetast vaatgebied.

Patiënten met gegeneraliseerde atherosclerose moeten vaak operaties ondergaan. 
Het grootste deel van postoperatieve cardiovasculaire complicaties wordt veroorzaakt 
door myocard ischemie als gevolg van acute coronaire occlusie door erosie of scheuren 
van de coronaire plaque, gevolgd door thrombose vorming. Een andere oorzaak 
is zuurstof tekort tijdens de stress van de operatie ten gevolge van een verminderd 
aanbod door coronairlijden, embolie, bloedarmoede, aritmie, hypertensie, of 
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ernstige hypotensie. Om postoperatieve cardiovasculaire morbiditeit en mortaliteit te 
verminderen is pre-operatief screening van cruciaal belang. 

In Hoofdstukken 2 en 3 wordt de huidige status van pre-operatief risicostratifi catie 
besproken bij patiënten die een chirurgische ingreep moeten ondergaan. Klinische 
risicomarkers voor hart- en vaatziekten, het type als mede ook de urgentie van de 
geplande ingreep kunnen patiënten stratifi ceren voor het perioperatieve risico. Bij 
patiënten met een laag risico is aanvullend onderzoek niet noodzakelijk. Onderzoek 
wordt alleen geadviseerd indien het noodzakelijk is om ischemische hartklachten vast 
te stellen en ook de behandeling zou veranderen. De keus van deze test moet gebaseerd 
zijn op de ervaring van een bepaald centrum en de mogelijkheid om op korte termijn het 
onderzoek te kunnen verrichten. Hoewel coronair revascularisatie geen voordeel heeft 
vergeleken met optimale medische therapie  bij patiënten met een verhoogd risico, kan 
het overwogen worden bij patiënten met progressieve ischemische hartklachten. Indien 
coronaire revascularisatie was gedaan door een percutane interventie met stent dient 
rondom de operatie plaatjes aggregatie remmende therapie te worden gecontinueerd. 
Hiervan kan worden afgeweken als het risico op bloedingen te hoog is, waardoor het 
cardioprotectief eff ect wordt overtroff en.

Ischemische hartziekten zijn de voornaamste oorzaken van postoperatieve 
morbiditeit en mortaliteit, en kunnen volledig asymptomatisch zijn bij chirurgische 
patiënten. In Hoofdstuk 4 wordt het belang besproken van asymptomatisch hartziekten 
bij patiënten die een grote vaatchirurgische ingreep moeten ondergaan. Aan de hand 
van wandbewegingsstoornissen tijdens echocardiografi sch onderzoek, zowel in rust als 
bij inspanning, werd asymptomatisch coronaire hartziekte vastgesteld. Aanwijzingen 
voor  een niet herkend MI of myocard ischemie werden gevonden bij respectievelijk 
23% en 28% van de patiënten. Twee indicatoren voor deze bevindingen zijn diabetes 
melitus en hartfalen. Een asymptomatisch MI en myocard ischemie zijn geassocieerd 
met een slechte lange termijn prognose. Deze patiënten dienen behandeld te worden in 
het kader van secondaire preventie middels geneesmiddelen, bètablokkers en statines.

Een belangrijke vooruitgang in de geneeskunde is de introductie van de 
endovasculaire procedure als alternatief voor de conventionele, open, chirurgische 
ingrepen, met name bij de behandeling van het Aneurysma Aortae Abdominalis. 
Endovasculaire procedures geven minder cardiale stress, en cardiovasculaire 
complicaties. In Hoofdstuk 5 wordt besproken dat in vergelijking met open 
chirurgie de endovasculaire behandeling van het Aneurysma Aortae Abdominalis 
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is geassocieerd met een verminderd optreden van myocard ischemie (OR 0.14, 95% 
BI 0.05 - 0.40, p < 0.001) en troponine T stijging (OR 0.10, 95% BI 0.02 - 0.32, p < 
0.001), en hartritmestoornissen (14% vs. 29%, p < 0.04). De sterfte binnen 30-dagen 
was eveneens verminderd (0 vs 8.7%, p < 0.03).

In Hoofdstuk 6 wordt de voorspellende waarde van glucose en HbA1c aangetoond 
bij het bepalen van perioperatieve en  lange termijn risico's bij vaatchirurgiepatiënten. 
Behandeling van deze patiënten blijft een uitdaging. Patiënten met gestoorde glucose 
tolerantie voldoen niet aan de criteria voor diabetes, maar hebben het gevaar om 
diabetes of hart-en vaatziekten te ontwikkelen. Wij hebben vastgesteld dat de overleving 
bij patiënten met een gestoord glucosemetabolisme vergelijkbaar was met diabetes 
patiënten. Patiënten met een gestoord glucose metabolisme en diabetes hebben een 
2.2-  en 2.6-voudig verhoogd risico op ischemie, 3.8- en 3.9- voudig risico op troponine 
T stijging na de operatie, en een  4.3- en 4.8-voudig risico op cardiale complicaties 
binnen 30-dagen na de operatie. Op de lange termijn hebben zij een 1.9-en 3.1-
verhoogd risico op cardiale aandoeningen. Patiënten met slecht gereguleerde diabetes 
mellitus, HbA1c> 7,0%, hebben een 2,8-voudig en een 5,3-voudig risico op ischemie, 
en verhoogde troponine T waarden binnen 30-dagen na de operatie.  Tevens is de kans 
op en lange termijn cardiale complicaties 5,6-voudig verhoogd.

De relatie tussen verhoogde NT-proBNP met perioperatieve ischemie, is 
weergegeven in Hoofdstuk 7,. Deze bepaling ondersteunt het gebruik ervan als een 
marker van coronair vaatlijden en als prognostische marker bij patiënten die vasculaire 
chirurgie ondergaan. Verhoogde preoperatieve NT-proBNP waarden bij patiënten die 
vasculaire chirurgie ondergaan zijn geassocieerd met een verhoogd optreden van de 
perioperative myocard ischemie tijdens analyse door middel van een 12-afl eidingen 
ECG (OR 1.59, 95% CI: 1.21 – 2.08, P < 0.001) en verhoogde troponine T waarden (OR: 
1.76, 95% CI: 1.33 – 2.34, P < 0.001), onafhankelijk van de klinische risicofactoren en 
preoperatief verkregen resultaten van dobutamine stress echocardiografi e.

Patiënten met hartfalen (HF) die gepland voor vasculaire chirurgie zijn hebben 
een verhoogd risico op postoperatieve cardiovasculaire complicaties en risicostratifi ca-
tie hangt meestal af van de klinische risicofactoren. Dobutamine stress echocardiogra-
fi e (DSE) heeft een aanvullende waarde voor risicostratifi catie van deze patiënten.

In Hoofdstuk 8 wordt het onafhankelijke prognostische waarde van 
wandbewegingsstoornissen tijdens DSE bij patiënten met HF die een vaatoperatie 
moeten ondergaan aangetoond voor de voorspelling van cardiale complicaties 
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binnen 30 dagen na de operatie en ook tijdens een follow-up  van 5 jaar. Wandbewe-
gingsstoornissen die een verbeterde contractie tonen tijdens lage dosis dobutamine in-
fusie bieden een beschermend eff ect betreff ende cardiale complicaties, zowel in het 
begin van de perioperative periode als op de lange termijn. Omgekeerd, ischemie 
(verslechtering van wandbewegingen) bleek geassocieerd te zijn met zowel vroege 
als in lange-termijn complicaties.

De hypothese was dat coronaire revascularisatie voorafgaand aan vaatchirurgie 
beschermend zou zijn bij patiënten die bij hoog cardiale risico groep behoren. Zoals 
het vermeld is in Hoofdstuk 9, zijn 101 patiënten die vasculaire chirurgie ondergaan 
met een hoog risico op hartaandoeningen (drie of meer klinische risicofactoren en een 
uitgebreide ischemie op DSE) gerandomiseerd voor preoperatieve cardiale revascularisatie 
of optimale medicamenteuze therapie. Angiografi e toonde 2-taks coronairlijden bij 
12 (24%), 3-takscoronairlijden bij 33 (67%), en een hoofdstam afwijking bij 4 (8%). 
Revascularisatie heeft de uitkomst binnen 30 dagen na de operatie niet verbeterd; de 
incidentie van het samengestelde studie eindpunt was 43% versus 33% (OR 1,4, 95% BI 
0,7 tot 2,8, p <0,30). Ook werd geen voordeel gedurende 1 jaar follow-up waargenomen 
na coronaire revascularisatie (49% vs 44%, OR 1.2, 95% BI 0,7 tot 2,3, p <0,48).

Cardiovasculaire morbiditeit en mortaliteit kan voorkomen worden door 
vasculaire screening en behandeling van hoog-risicopatiënten. Dit screeningprogramma 
is kosteneff ectief en kan leiden tot een aanzienlijke verbetering van de gezondheid. 
Screening van Aneurysma Aortae Abdominalis (AAA) is kostenbesparing en een 
tijdige ingreep verbetert overleving. In de Hoofdstukken 10 en 11 worden twee nieuw 
ontwikkelde ultrageluid apparaten voor AAA screening geëvalueerd. De eerste is een 2-
dimensionale, duplex, draagbare ultrageluid apparaat (USHH) en de tweede is een nieuw 
ontwikkelde, goedkopere, draagbare ultrageluid volume scanner voor 3-dimensionale 
metingen, oorspronkelijk bedoeld als automatisch 3-dimensioneel werkend ultrageluid 
apparaat, waarmee de inhoud van de blaas gemeten kan worden (BVI). Validatie van deze 
twee apparaten wordt gedaan door het vergelijken van de meetresultaten met de uitkomst 
van twee bestaande technieken - standaard echografi e (US) en gecomputeriseerde 
tomografi e (CT). Tussen de US en CT gemeten aortadiameter bestaat een nauwe relatie 
met het aortavolume gemeten door BVI (r = 0,87 en r = 0,86, respectievelijk). Ook de 
door CT gemeten aortadiameter correleert goed met de aortadiameter afgemeten door 
USHH (r = 0,98). Beide draagbare apparaten toonden hoge sensitiviteit, specifi citeit en 
de positieve en negatieve voorspellende waarden voor het opsporen van AAA.
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