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Patients scheduled for non-cardiac vascular surgery are at significant risk of cardiovascular morbidity 
and mortality due to underlying symptomatic or asymptomatic coronary artery disease (CAD). As was 
shown by Hertzer et al. in their landmark study in 1984 using coronary angiography in 1000 patients 
undergoing non-cardiac vascular surgery, 61% of all patients did have at least one significant lesion1. 
In fact, only 8% of all patients had no abnormalities. More recent studies using functional tests for 
CAD such as dobutamine stress echocardiography confirmed these findings. In a study population of 
1097 vascular surgical patients, the incidence of rest wall motion abnormalities was nearly 50%, while 
one-fifth of patients had stress-induced myocardial ischaemia2.

The high prevalence of CAD in vascular surgical patients explains the adverse outcome in this patient 
population. The incidence of perioperative myocardial infarction, defined as the presence of two out 
of three of the following markers: (i) the presence of typical chest pain complaints; (ii) ECG abnor-
malities; and (iii) increased troponin levels, is 5%. Importantly, 75% of the perioperative myocardial 
infarctions remain asymptomatic and may therefore be difficult to assess. This might be attributable 
to the disguising effects of sedation and the simultaneous occurrence of symptoms directly related 
to surgery such as nausea. The incidence of troponin release is even up to 25% in the vascular surgery 
population. However, the impact of perioperative asymptomatic myocardial ischemia on long-term 
outcome is not fully appreciated.

The preoperative evaluation offers a unique opportunity to identify patients at increased periop-
erative risk and initiate appropriate lifestyle changes and risk reduction therapy, as these will also 
improve long-term outcome. Importantly, patients should live long enough to enjoy the benefits of 
surgery. The preoperative evaluation of high-risk patients is hampered by the complex pathophysiol-
ogy of a perioperative myocardial infarction (MI). Both coronary plaque rupture, leading to thrombus 
formation and subsequent vessel occlusion, and a sustained oxygen supply–demand mismatch 
contribute equally to the incidence of a perioperative MI3,4. The former is related to the inflammatory 
status of the coronary artery tree. This has important implications on perioperative and long-term risk 
reduction strategies. A single intervention, for instance aiming at restoration of the supply–demand 
mismatch, may offer insufficient protection for coronary plaque instability. Therefore, treatment of 
the coronary culprit lesion only offers limited protection as the disseminated inflammatory disease 
of the coronary artery tree progresses.

Recently Kertai et al. used a total of 2310 patients to develop a Bayesian model for the prediction of 
all-cause mortality in patients undergoing all types of open vascular surgery5. The type of surgery 
was a strong risk factor; patients with a ruptured abdominal aortic aneurysm had the worst out-
come, followed by elective thoracoabdominal and abdominal aortic surgery, lower extremity arterial 
bypass surgery, and carotid surgery. Risk factors based on medical history, in order of descending 
risk, were: renal dysfunction, congestive heart failure, ischemic heart disease, cerebrovascular event, 
hypertension, and pulmonary disease. The data of the Coronary Artery Revascularization Prophylaxis 
(CARP) study of McFalls et al.6 confirm these preoperative risk factors and offer the clinician hints for 
long-term outcome. Recently biomarkers such as high sensitive C-reactive protein (hsCRP) have also 
emerged as potential predictors of adverse cardiovascular events after vascular surgery. As shown 
by Owens et al. in a group of 91 vascular surgery patients, a preoperative hsCRP level >5 mg/L was 
associated with a 2.3-fold increased risk for adverse cardiovascular events during a mean follow-up 
of 12 months7.

Another well known biomarker, in the CARP study assessed after the stress of surgery, is troponin 
release. In line with these findings, Landesberg et al. showed in 2003 that patients with a perioperative 
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troponin T release >0.03 ng/mL and/or a troponin I release >0.6 ng/mL had a significant 2-fold 
increased risk for long-term mortality during a mean follow-up of 32 months, irrespective of the type 
of vascular surgery and clinical risk factors8. This was also confirmed in a study of 393 vascular surgery 
patients by Kertai et al.: an increase in troponin T level >0.1 ng/mL was associated with a 1.9-fold 
increased risk for all-cause mortality during a median follow-up of 4 years9.

Although the combination of clinical cardiac risk factors and biomarkers offers a unique opportunity 
to stratify patients according to the long-term risk, outcome in patients with peripheral arterial disease 
(PAD) remains poor. The 5-year event rate of cerebrocardiovascular events is 20%, with mortality rates 
of up to 30%. The Reduction of Atherothrombosis for Continued Health (REACH) Registry, including 
55 814 patients with known atherosclerotic disease (CAD, PAD and cerebrovascular disease) showed 
that patients with polyvascular disease, i.e. the combination of PAD and CAD, have a significantly 
worse outcome compared with patients with CAD only10. An explanation for the high event rate 
is the medical undertreatment of patients with PAD. Recently a report from Denmark confirmed 
the undertreatment of PAD patients as compared with CAD patients. Patients with PAD were less 
likely to receive antiplatelet therapy, statins, angiotensin-converting enzyme (ACE) inhibitors, and 
β-blockers. For all of these therapies there is substantial evidence that they are associated with an 
improved event-free survival. In fact, current guidelines recommend the aggressive use of statins, 
antiplatelet therapy, and blood pressure lowering in these patients11. The investigators of CARP are to 
be congratulated for their effort in giving their patients so-called best medical treatment; 80% were 
on β-blockers during 2 years of follow-up, 85% were on antiplatelet therapy, 70% on statins, and 60% 
on ACE inhibitors.

For the improvement of the long-term prognosis of patients with PAD it is advisable that current 
guidelines on lifestyle changes and treatment targets of cardiac risk factors are fully disseminated 
among physicians involved in care of these patients. The recent results of the Euro Heart Survey 
underscore the importance of continuous education and surveillance of guideline implementation.
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Abstract

Background: The presence of peripheral arterial disease (PAD) is considered to be a risk factor for 
adverse late outcome. This study was designed to compare the long-term outcomes of patients with 
PAD with a risk factor matched population of coronary artery disease (CAD) patients, but without 
PAD.

Methods: A total of 2,730 PAD patients undergoing vascular surgery were categorized into groups: 1) 
carotid endarterectomy (n = 560); 2) elective abdominal aortic surgery (AAA) (n = 923); 3) acute AAA 
surgery (r-AAA) (n = 200), and 4) lower limb reconstruction procedures (n = 1,047). All patients were 
matched using the propensity score, with 2,730 CAD patients who underwent coronary angioplasty. 
Survival status of all patients was obtained. In addition, the cause of death and complications after 
surgery in PAD patients were noted. The Kaplan-Meier method was used to compare survival between 
the matched PAD and CAD population and the different operation groups. Prognostic risk factors and 
perioperative complications were identified with the Cox proportional hazards regression model.

Results: The PAD patients had a worse long-term prognosis (hazard ratio 2.40, 95% confidence 
interval 2.18 to 2.65) and received less medication (beta-blockers, statins, angiotensin-converting 
enzyme inhibitors, aspirin, nitrates, and calcium antagonists) than CAD patients did (p < 0.001). 
Cerebro-cardiovascular complications were the major cause of long-term death (46%). Importantly, 
no significant difference in long-term survival was observed between the AAA and lower limb 
reconstruction groups (log rank p = 0.70). After vascular surgery, perioperative cardiac complications 
were associated with long-term cardiac death, and non-cardiac complications were associated with 
all-cause death.

Conclusions: Long-term prognosis of vascular surgery patients is significantly worse than for patients 
with CAD. The vascular surgery patients receive less cardiac medication than CAD patients do, and 
cerebro-cardiovascular events are the major cause of late death.
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Introduction

Atherosclerosis is a systemic disease affecting numerous vascular beds. In patients with peripheral 
arterial disease (PAD), coronary artery disease (CAD) has a prevalence of 46% to 71%1,2. Post-operative 
and long-term prognosis after vascular surgery is predominantly determined by underlying CAD3. 
Furthermore, cardiac death accounts for approximately 40% of 30-day mortality, and the 1-year 
mortality has been estimated at 6% to 10%4-7. To improve outcomes of patients with PAD requiring 
surgery, assessment and aggressive therapy of atherosclerotic risk factors is recommended. Hence, 
the secondary prevention for subjects with PAD is similar to the measures for patients with CAD8,9. 
However, data are scarce about the survival and treatment of patients with PAD compared with 
patients with CAD.

In addition, long-term outcomes in vascular surgery patients with PAD are ill-defined and often not 
considered in the immediate pre-operative workup. To provide information on long-term prognosis 
after open vascular surgery repairs among an entire stratum of procedures, it would be important 
to understand the relationship between pre-operative characteristics and nonfatal perioperative 
complications with long-term all-cause mortality and cardiac events in a large cohort of patients with 
PAD. Therefore, in this analysis, we compared survival and treatment of patients with PAD scheduled 
for open vascular surgery procedures with a risk factor matched large cohort of patients with docu-
mented severe myocardial ischemia referred for coronary angioplasty in the same clinical setting, 
without signs or symptoms of PAD.

Methods

Study design and patient selection
Between January 1993 and June 2006, 2,730 PAD patients underwent major vascular surgery at 
the Erasmus Medical Center, Rotterdam, the Netherlands, and were entered into a computerized 
database. All patients underwent open surgery and were categorized into 4 groups, respectively: 1) 
carotid endarterectomy (CEA); 2) elective infrarenal abdominal aortic surgery (AAA); 3) acute infra-
renal AAA surgery (r-AAA); and 4) lower limb arterial reconstruction procedures (LLR). The medical 
ethics committee of the Erasmus Medical Center was informed about the study protocol, and per 
institutional practice, no official approval was requested.

Operation groups
Patients in the CEA group underwent an elective reconstruction or desobstruction of the carotid 
artery. The AAA group underwent open infrarenal AAA repair (aortic-to-aortic or aortic-bifurcation 
prostheses procedures, removal of infected prostheses, and other operations of the abdominal aorta). 
Those with a rupture of the infrarenal abdominal aorta were classified as r-AAA. Finally, patients of 
the LLR group underwent iliac-femoral, femoral-popliteal, or femoral-tibial artery bypass procedures; 
removal of infected prostheses; peripheral desobstruction; and other elective peripheral arterial 
surgical reconstructions.

Propensity score risk factor matched CAD population
To compare the risk of underlying vascular disease (PAD or CAD) on long-term mortality, we 
compared the prognosis of patients undergoing vascular surgery (PAD patients) with the survival 
of a separate group of 15,993 patients diagnosed with severe myocardial ischemia (CAD patients), 
who were referred to the Erasmus Medical Center in the same period (1993 to 2006) for coronary 
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angioplasty without signs or symptoms of PAD obtained from review of medical records. Because of 
the differences in baseline characteristics between the PAD and CAD populations, propensity score 
methodology was used to identify comparable patients with the same risk. First, a propensity score 
for each patient was constructed, providing an estimate of the propensity toward belonging to 1 
patient group versus the other using multivariate logistic regression with the type of population as 
end point (PAD coded as 0, CAD coded as 1). Included in the analysis were the following available 
cardiovascular risk factors: age, gender, year of operation, hypertension, diabetes mellitus, smok-
ing status, prior percutaneous coronary intervention, prior coronary artery bypass graft, and prior 
myocardial infarction (MI). Then, each PAD patient was matched with 1 CAD patient with the same 
propensity score, rounded off at 2 deciles. The graphical method of examination by box plots showed 
a balance of the estimated propensity score between PAD and CAD patients within each decile of the 
propensity score. As a result, the matched CAD population resembled the PAD cohort after matching 
for cardiovascular risk factors (TABLE 31.1). Finally, a total of 2,730 PAD patients were matched with 
2,730 CAD patients.

In addition, medication use (statins, beta-blockers, angiotensin-converting enzyme inhibitors (ACE 
inhibitors), aspirin, nitrates, and calcium antagonists) of the CAD population was recorded to attempt 
to explain differences in survival between the PAD and CAD populations.

Patients’ characteristics
For all PAD patients, we recorded age, gender, hypertension (defined as systolic blood pressure ≥ 140 
mm Hg, diastolic blood pressure ≥ 90 mm Hg, and/or use of antihypertensive medication), diabetes 
mellitus (the presence of a fasting blood glucose ≥ 140 mg/dl or requirement for insulin or oral 
hypoglycemic agents), smoking status, hypercholesterolemia (total cholesterol of >200 mg/dl and/
or the requirement of lipid-lowering medication), chronic obstructive pulmonary disease according 
to symptoms and pulmonary function tests (i.e. forced expiratory volume in 1 s <70% of maximal 
age and gender predictive value), body mass index, renal dysfunction (baseline serum creatinine 
>1.5 mg/dl), the presence of ischemic heart disease (prior MI, prior coronary revascularization (coro-
nary artery bypass graft or percutaneous coronary intervention) and angina pectoris), heart failure 
(defined according the New York Heart Association functional classification), and medication (statins, 
diuretics, ACE inhibitors, calcium antagonists, nitrates, beta-blockers, aspirin, and anticoagulants). All 
prescription and over-the-counter medications were noted on the day of admission.

Table 31.1
Propensity score risk factor matched peripheral arterial disease (PAD) and coronary artery disease (CAD) 
population.

Before matching After matching‡

PAD
n=2,730

CAD
n=15,993

p-value PAD
n=2,730

CAD
N=2,730

p-value

Age (yr ± SD) 66 (± 11) 61 (± 13) <0.001 66 (± 11) 66 (± 12) 1.0

Male (%) 75 72 <0.001 75 75 1.0

Hypertension (%) 45 33 <0.001 44 45 0.9

Diabetes mellitus (%) 15 11 <0.001 14 12 0.8

Smoking (%) 23 24 0.008 23 21 0.8

Prior PCI† (%) 10 11 0.02 10 11 0.9

Prior CABG* (%) 19 27 <0.001 19 22 0.4

Prior myocardial infarction (%) 25 38 <0.001 25 25 1.0

*Prior coronary artery bypass graft and prior myocardial infarction; †prior percutaneous coronary intervention; ‡matched 
for age, gender, year of operation, hypertension, diabetes mellitus, smoking status, prior percutaneous coronary 
intervention
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Clinical follow-up and end points
Post-operative clinical information was retrieved from an electronic database of patients followed in 
our hospital. On occasion, missing data were abstracted retrospectively by reviewing patients’ medi-
cal records. Routinely, all vascular surgery patients are screened for adverse post-operative outcome 
by repeated cardiac isoenzyme measurements and electrocardiographic recording. Additional tests 
are performed at the discretion of the attending physician. After surgery, patients visit the outpa-
tient clinic regularly and are screened for late cardiac events. From the municipal civil registries, we 
obtained the survival status. At the reference date, January 2007, follow-up was complete in 99.3% of 
cases. The mean follow-up of the PAD patients was 6.37 ± 4.08 years, the mean follow-up of the CAD 
patients was 9.17 ± 4.14 years. The primary end point was long-term all-cause mortality in the PAD 
and CAD populations. The secondary end point was the composite of perioperative mortality and 
nonfatal events in the PAD population.

Perioperative and long-term mortality
Perioperative all-cause mortality was defined as death occurring during 30-day in-hospital stay or as 
death occurring after hospital discharge but within the first 30 days after surgery. Cardiac death was 
defined as death secondary to MI, heart failure, or arrhythmias. Long-term all-cause mortality was 
defined as death beyond 30 days after surgery; deaths that occurred in the 30-day period were thus 
excluded from the long-term period.

The cause of death in the PAD population was grouped into a cerebro-cardiovascular (CCV), a non-CCV, 
and an unknown cause of death. A CCV death was defined as any death with a cerebro-cardiovascular 
complication as the primary or secondary cause and included deaths following MI, serious cardiac 
arrhythmias (defined as the presence of a sustained cardiac rhythm disturbance that required urgent 
medical intervention), congestive heart failure, stroke (cerebrovascular accident or transient ischemic 
attack), surgery-related bleeding complications (only a post-operative cause of death), and others. 
Sudden unexpected death was classified as a CCV death. An MI was defined as the presence of 2 out 
of the following 3 criteria: 1) typical chest pain complaints; 2) electrocardiographic changes including 
acute ST-segment elevation followed by appearance of Q waves or loss of R waves, or new left bundle 
branch block, or new persistent T wave inversion for at least 24 h, or new ST-segment depression 
that persisted >24 h; and 3) a positive troponin T (i.e. >0.10 ng/ml) or peak creatinine phosphokinase 
myocardial band ≥ 8% of an elevated total creatinine phosphokinase with characteristic rise and 
fall10. Non-CCV death was defined as any death with a principal non-CCV cause, including infection, 
malignancy, respiratory insufficiency, and others. The cause of death was ascertained by reviewing 
medical records, the computerized hospital database, autopsy reports, or by contacting the referring 
physician or general practitioner.

Nonfatal perioperative events in the PAD population
We recorded the following nonfatal complications within 30 days after surgery: infection (such as 
wound infection, pneumonia, sepsis, and urinary tract infection), MI, arrhythmias, heart failure, stroke, 
reoperation (percutaneous revascularization or bypass surgery to a vessel that has been treated dur-
ing the index procedure), hemorrhage (arterial bleeding leading to hypotension (systolic pressure of 
<100 mm Hg) requiring blood transfusion), thrombectomy, amputation (excluded toe amputation), 
perioperative renal dysfunction (peak post-operative serum creatinine >+0.5 mg/dl within 3 days 
after surgery compared with pre-operative serum creatinine), and the requirement of hemodialysis 
(excluding pre-operative hemodialysis).



Ch
ap

te
r 3

1

342

Statistical analysis
Continuous data are described as mean values and standard deviations, and dichotomous data are 
described as percentage frequencies. The chi-square test was used for categorical variables, and the 
analysis of variance test was used for continuous variables. Kaplan-Meier survival analysis was used 
to compare survival times between the PAD and CAD patients and the 4 PAD subgroups, stratified 
by type of surgery. To test for differences between the resulting curves, the log-rank test was used. 
For the long-term survival analysis using the Kaplan-Meier method, we included those who died 
within 30 days after surgery. A univariate Cox proportional hazard regression model was used to 
explore the association of underlying vascular disease on long-term survival. We used univariate and 
not multivariate analysis because we matched all PAD and CAD patients for the available baseline 
cardiovascular risk factors. For this long-term analysis, we included all survivors within 30 days after 
vascular surgery. Multivariate logistic regression and Cox proportional hazard regression models 
were used to explore the relationship of major baseline risk factors of all PAD patients undergoing 
vascular surgery and perioperative all-cause and cardiac death, respectively. Risk factors entered in 
the risk model were type of operation, age >70 years, gender, chronic obstructive pulmonary disease, 
hypertension, diabetes mellitus, smoking status, hypercholesterolemia, prior MI, prior heart failure, 
prior coronary revascularization, prior angina, and renal dysfunction. For the long-term all-cause 

Table 31.2 Baseline characteristics of all patients with peripheral artery disease, according to type of operation.

Number of patients
All patients

2,730 (100%)
CEA‡

560 (21%)
AAA*

923 (34%)
r-AAA#

200 (7%)
LLR||

1,047 (38%) p-value

Demographics

Mean age (± SD) 66 (± 11) 65 (± 10) 66 (± 11) 71 (± 9) 65 (± 12) <0.001

Male (%) 75 73 78 88 72 <0.001

Cardiovascular risk factor (%)

Body mass index (± SD) 25.0 (± 5) 25.8 (± 3) 24.9 (± 5) 25.4 (± 3) 24.7 (± 4) 0.006

Current smoker 24 11 28 14 29 <0.001

Hypertension 45 34 53 43 46 <0.001

Diabetes Mellitus 15 10 13 10 20 <0.001

Hypercholesterolemia 29 28 37 33 26 <0.001

COPD§ 18 7 26 20 17 <0.001

Renal dysfunction** 12 5 13 20 14 <0.001

Disease history (%)

Angina 15 7 17 14 19 <0.001

Myocardial Infarction 24 9 30 27 31 0.01

Coronary revascularization 24 19 26 20 28 <0.001

Heart failure 5 1 6 5 7 <0.001

Medication use (%)

Statins 26 26 33 19 23 <0.001

Diuretics 18 10 18 19 23 <0.001

ACE-inhibitors† 31 21 35 25 34 <0.001

Calcium antagonists 34 27 43 22 32 <0.001

Nitrates 19 13 21 14 20 <0.001

Beta-blockers 33 26 45 22 29 <0.001

Aspirin 40 73 33 28 32 <0.001

Anti-coagulation 20 6 17 10 33 <0.001
*AAA= elective infrarenal abdominal aortic surgery; †ACE-inhibitors= angiotensin-converting-enzyme inhibitors; ‡CEA= 
carotid endarterectomy; §COPD= chronic obstructive pulmonary disease; ||LLR= lower limb arterial reconstruction 
procedures; #r-AAA= acute infrarenal abdominal aortic surgery; **renal dysfunction= baseline serum creatinine >1.5 mg/dl
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and cardiac mortality, multivariate Cox proportional hazards regression analysis was performed and 
included also all nonfatal perioperative complications.

All univariate risk factors with a p value of <0.10 were entered in the perioperative and long-term 
multivariate analysis, resulting in an adjusted significant odds and hazard ratios (ORs and HRs) or 
as not significant. Unadjusted and adjusted ORs and HRs were reported with corresponding 95% 
confidence intervals (CIs). A p value of <0.05 was considered to be significant. All computations were 
performed with SPSS software version 12.0.1 (SPSS Inc., Chicago, Illinois), running under Windows 
2000 Professional (Microsoft, Redmond, Washington).

Results

Patient characteristics
The mean age of all patients with PAD (n = 2,730) was 66 ± 11 years and 76% were male. A total of 560 
patients (20%) underwent CEA surgery; 923 patients (34%) underwent AAA surgery (aortic-to-aortic 
n = 206, aortic bifurcation n = 624, infected prostheses n = 51, and others n = 42); 200 patients (7%) 
had a r-AAA; and 1,047 patients (38%) underwent LLR surgery (iliac-femoral n = 208, femoral-popliteal 
n =6 03, femoral-tibial n = 203, and infected prostheses n = 33). Patient’s characteristics are presented 
in TABLE 31.2.

Primary end point
Compared with CAD patients, patients with PAD had a significantly worse long-term prognosis 
(unadjusted HR 2.40, 95% CI 2.18 to 2.65) (FIGURE 31.1). Annual mortality rates of the PAD and CAD 
populations were 5.7% and 3.0% per year (p < 0.001). Importantly, patients with CAD received more 
cardiac medications than the PAD patients did (beta-blockers 74% vs. 34%, calcium antagonists 52% 
vs. 33%, aspirin 88% vs. 40%, nitrates 37% vs. 19%, statins 67% vs. 29%, and ACE inhibitors 57% vs. 
31%, respectively) (FIGURE 31.2).

Secondary end point
Within 30 days after surgery, a total of 153 PAD patients (5.6%) died. The overall mortality of the CEA, 
AAA, r-AAA, and LLR groups was 8 (1.4%), 58 (6.3%), 57 (28.5%), and 30 (2.9%) (p<0.001), respectively. 
The leading causes of death were CCV events (76%) (TABLE 31.3). Specified according to the type 
of surgery, the leading cause of death at 30 days for CEA patients was stroke (38%), for AAA was MI 
(24%), for r-AAA was fatal bleeding (40%), and for LLR was infection (33%). Outcomes at 30 days of 
patients undergoing CEA or LLR were superior to patients undergoing AAA surgery (FIGURE 31.3). 
Patients scheduled for r-AAA surgery had the worst 30-day outcome. Also, in the multivariate Cox 
proportional hazards regression analysis, the type of operation was an important independent risk 
factor for perioperative all-cause mortality and cardiac events (TABLE 31.4).

A total of 1,353 (52.5%) patients with PAD died during 6.37 ± 4.08 years of follow-up, excluding the 
153 patients who died within 30 days post-operatively. Mortality rates among the different surgical 
procedures were 216 (39.1%), 470 (54.3%), 87 (60.8%), and 580 (57.0%) for CEA, AAA, r-AAA, and 
LLR, respectively. Annual mortality rates of CEA, AAA, LLR, and r-AAA are 5.0%, 5.9%, 5.9%, and 6.8% 
per year (log rank p < 0.001), respectively. The leading cause of death was CCV (46%). Myocardial 
infarction accounts for 19% of all causes of long-term mortality. During long-term follow-up, patients 
of the LLR group had a similar prognosis compared with the AAA group (log rank p = 0.70), but 
patients of the r-AAA group had the worst outcome (FIGURE 31.1). However, the multivariate Cox 
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Figure 31.1	 Kaplan-Meier estimate of long-term survival of CAD and different types of peripheral surgical patients.
To test for differences between the resulting curves, the log-rank test was used. AAA = elective 
infrarenal abdominal aortic surgery; CAD = coronary artery disease; CEA = carotid endarterectomy; LLR 
= lower limb arterial reconstruction; r-AAA = acute infrarenal AAA.
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Figure 31.2	 Medication use according to PAD and CAD patients.
ACE = angiotensin-converting enzyme; PAD = peripheral arterial disease; other abbreviation as in 
figure 31.1.
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proportional hazards regression analysis illustrated that, converse to the perioperative outcome, the 
type of surgery was not related to outcome during long-term follow-up (TABLE 31.5). The propor-
tional hazards assumptions were tested by constructing interaction terms between the variables and 
time to each end point. The Cox proportional hazards regression analyses showed no statistically 
significant interaction with time (each p value >0.05).

Long-term all-cause outcome was affected by age, smoking, chronic obstructive pulmonary disease, 
MI, renal dysfunction, and non-cardiac complications (infection, stroke, and amputation). Pre-
operative cardiac risk factors (age >70 years, diabetes mellitus, prior MI, coronary revascularization, 
heart failure) and perioperative nonfatal cardiac complications (MI, heart failure, arrhythmia) were 
the primary determinants of long-term adverse cardiac outcome.

Table 31.3 Cause of death during the perioperative and long-term period.

Number of patients
All patients

2,730 (100%)
CEA‡

560 (21%)
AAA*

923 (34%)
r-AAA#

200 (7%)
LLR§

1,047 (38%) p-value

Perioperative mortality 153 (6) 8 (1) 58 (6) 57 (29) 30 (3)

Total CCV† death – no. (%) 116 (76) 6 (75) 45 (78) 46 (81) 19 (63) 0.3

  Myocardial infarction 28 (18) 2 (25) 14 (24) 6 (11) 6 (20) 0.3

  Congestive heart failure 15 (10) 0 (0) 7 (12) 4 (7) 4 (13) 0.5

  Arrhythmia 15 (10) 0 (0) 4 (7) 7 (12) 4 (13) 0.5

  Stroke 9 (6) 3 (38) 3 (5) 3 (5) 1 (3) 0.001

  Fatal bleeding 40 (26) 1 (13) 13 (22) 23 (40) 3 (10) 0.01

  Other 9 (6) 0 (0) 5 (9) 3 (5) 1 (3) 0.6

Total n-CCV|| death – no. (%) 37 (24) 2 (25) 13 (22) 11 (19) 11 (37) 0.3

  Infection 22 (14) 0 (0) 4 (7) 8 (14) 10 (33) 0.005

  Malignancy 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) NA

  Respiratory insufficiency 9 (6) 2 (25) 4 (7) 2 (4) 1 (3) 0.1

  Others 6 (4) 0 (0) 5 (9) 1 (2) 0 (0) 0.1

Unknown – no. (%) 0 (0) NA NA NA NA NA

Long-term mortality** 1,353 (53) 216 (39) 470 (54) 87 (61) 580 (57)

Total CCV death – no. (%) 625 (46) 91 (42) 203 (43) 36 (41) 295 (51) 0.03

  Myocardial infarction 250 (19) 31 (14) 85 (18) 15 (17) 119 (21) 0.2

  Congestive heart failure 168 (12) 28 (13) 41 (9) 10 (12) 89 (15) 0.01

  Arrhythmia 26 (2) 2 (1) 11 (2) 3 (3) 10 (2) 0.4

  Stroke 96 (7) 22 (10) 33 (7) 5 (7) 35 (6) 0.2

  Others 85 (6) 8 (4) 33 (7) 2 (2) 42 (7) 0.1

Total n-CCV death – no. (%) 412 (31) 66 (31) 150 (32) 30 (35) 166 (29) 0.6

  Infection 78 (6) 4 (2) 26 (6) 7 (8) 41 (7) 0.03

  Malignancy 153 (11) 32 (15) 54 (12) 7 (8) 60 (10) 0.2

  Respiratory insufficiency 85 (6) 9 (4) 31 (7) 10 (12) 35 (6) 0.1

  Others 96 (7) 21 (10) 39 (8) 6 (7) 30 (5) 0.09

Unknown – no. (%) 316 (23) 59 (27) 117 (25) 21 (24) 119 (21) 0.2
*AAA= elective infrarenal abdominal aortic surgery; †CCV=cerebro-cardiovascular; ‡CEA= carotid endarterectomy; §LLR= 
lower limb arterial reconstruction procedures; ||nCCV= non-cerebro-cardiovascular; #r-AAA= acute infrarenal abdominal 
aortic surgery; **Excluding those patients who died within the postoperative period (n=153)
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Table 31.4
Multivariate associations of baseline characteristics with all-cause and cardiac mortality in the perioperative 
period.

Perioperative all-cause mortality Perioperative cardiac death†

Risk factor
OR Univariate

(95% CI)
OR Multivariate

(95% CI)
OR Univariate

(95% CI)
OR Multivariate

(95% CI)

Operation group

  LLR|| (reference) 1.0 1.0 1.0 1.0

  r-AAA# 13.51 (8.40 – 21.74) 12.22 (7.46 – 20.04) 6.86 (3.32 – 14.15) 6.21 (2.94 – 13.12)

  AAA* 2.27 (1.45 – 3.57) 2.00 (1.27 – 3.16) 2.05 (1.06 – 3.97) 1.89 (1.01 – 3.68)

  CEA‡ 0.49 (0.22 – 1.07) NS 0.26 (0.06 – 1.17) NS

Sex 1.19 (0.80 – 1.77) NS 1.40 (0.72 – 2.72) NS

Age >70 year 2.31 (1.66 – 3.21) 1.55 (1.09 – 2.21) 2.57 (1.50 – 4.39) 1.95 (1.12 – 3.39)

Hypertension 1.50 (1.08 – 2.09) 1.55 (1.08 – 2.22) 1.72 (1.02 – 2.92) NS

COPD§ 2.39 (1.68 – 3.40) 2.05 (1.40 – 3.01) 2.06 (1.17 – 3.62) NS

Diabetes Mellitus 1.13 (0.73 – 1.76) NS 1.20 (0.60 – 2.40) NS

Hypercholesterolemia 0.71 (0.40 – 1.23) NS 0.83 (0.36 – 1.96) NS

Current Smoker 1.10 (0.73 – 1.68) NS 0.88 (0.43 – 1.81) NS

Myocardial infarction 1.22 (0.80 – 1.89) NS 1.41 (0.80 – 2.47) NS

Coronary revascularization 0.54 (0.34 – 0.84) NS 0.65 (0.33 – 1.28) NS

Heart failure 1.26 (0.65 – 2.34) NS 2.50 (1.12 – 5.61) NS

Angina 1.11 (0.60 – 2.03) NS 1.27 (0.55 – 2.96) NS

Renal dysfunction** 2.61 (1.77 – 3.84) 2.09 (1.38 – 3.18) 2.88 (1.60 – 5.19) 2.11 (1.15 – 3.88)
*AAA= elective infrarenal abdominal aortic surgery; †cardiac death= death because of mycardial infarction, heart failure 
and arrhythmia; ‡CEA= carotid endarterectomy; §COPD= chronic obstructive pulmonary disease; ||LLR= lower limb arterial 
reconstruction procedures; #r-AAA= acute infrarenal abdominal aortic surgery; **renal dysfunction=baseline serum 
creatinine >1.5 mg/dl
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Figure 31.3	 Kaplan-Meier estimate of overall perioperative (30-day) survival of different types of surgical patients.
To test for differences between the resulting curves, the log-rank test was used. Abbreviations as in 
figure 31.1.
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Discussion

Our main finding of this study is that patients with PAD, compared with a matched population for 
cardiac risk factors and year of treatment with CAD, are at increased risk for long-term mortality. In 
addition, PAD patients receive less cardiovascular medical therapy (e.g. beta-blockers, statins, ACE 
inhibitors, calcium antagonists, nitrates, and aspirin) than CAD patients do.

Table 31.5
Multivariate associations of baseline characteristics and non-fatal perioperative complications with long-
term all-cause and cardiac mortality.

Long-term all-cause mortality Long-term cardiac death†

HR Univariate
(95% CI)

HR Multivariate
(95% CI)

HR Univariate
(95% CI)

HR Multivariate
(95% CI)

Baseline risk factors

  Operation group

    LLR|| (reference) 1.0 1.0 1.0 1.0

    r-AAA# 1.29 (1.03 – 1.62) NS 1.11 (0.75 – 1.64) NS

    AAA* 0.97 (0.86 – 1.09) NS 0.75 (0.61 – 0.93) NS

    CEA‡ 0.66 (0.57 – 0.78) NS 0.50 (0.38 – 0.67) NS

  Sex 1.15 (1.01 – 1.30) NS 1.13 (0.91 – 1.41) NS

  Age > 70 year 2.18 (1.96 – 2.43) 2.11 (1.88 – 2.36) 2.00 (1.65 – 2.41) 2.02 (1.66 – 2.47)

  Hypertension 1.15 (1.03 – 1.28) NS 1.18 (0.98 – 1.42) NS

  COPD§ 1.60 (1.41 – 1.81) 1.49 (1.29 – 1.71) 1.29 (1.02 – 1.63) NS

  Diabetes Mellitus 1.32 (1.14 – 1.52) NS 1.87 (1.50 – 2.34) 1.47 (1.16 – 1.87)

  Hypercholesterolemia 1.06 (0.93 – 1.22) NS 1.38 (1.10 – 1.72) NS

  Current Smoker 1.30 (1.16 – 1.46) 1.20 (1.06 – 1.36) 1.44 (1.18 – 1.76) NS

  Myocardial infarction 1.43 (1.28 – 1.62) NS 2.59 (2.15 – 3.13) 1.59 (1.26 – 2.01)

 � Coronary revascularization 1.08 (0.96 – 1.22) NS 2.17 (1.80 – 2.62) 1.61 (1.30 – 1.99)

  Heart failure 1.74 (1.41 – 2.14) NS 2.94 (2.19 – 3.94) 1.45 (1.04 – 2.01)

  Angina 1.26 (1.10 – 1.45) NS 2.22 (1.81 – 2.73) 1.21 (1.01 – 1.59)

  Renal dysfunction** 2.23 (1.83 – 2.47) 1.72 (1.47 – 2.02) 2.31 (1.80 – 2.96) 1.60 (1.22 – 2.09)

Postoperative complications

 � Non-fatal myocardial infarction 1.45 (1.19 – 1.76) NS 4.07 (2.17 – 7.63) 2.22 (1.15 – 4.28)

  Heart failure 2.20 (1.47 – 3.29) NS 3.36 (1.89 – 5.96) 1.86 (1.01 – 3.43)

  Arrhythmia 2.04 (1.41 – 2.98) 1.65 (1.12 – 2.43) 2.41 (1.33 – 4.40) 1.86 (1.00 – 3.52)

  Infection 1.75 (1.52 – 2.02) 1.51 (1.31 – 1.76) 1.51 (1.17 – 1.96) NS

  Stroke 2.05 (1.55 – 2.72) 1.98 (1.47 – 2.67) 1.57 (0.90 – 2.73) NS

  Amputation 2.03 (1.58 – 2.61) 1.74 (1.33 – 2.29) 1.50 (0.84 – 2.68) NS

  Hemorrhage 1.24 (0.99 – 1.57) NS 0.95 (0.60 – 1.50) NS

  Trombectomy 1.14 (0.87 – 1.48) NS 1.45 (0.96 – 2.19) NS

  Re-operation 1.30 (0.98 – 1.74) NS 1.49 (0.93 – 2.39) NS

  Acute Renal failure†† 1.81 (1.54 – 2.12) 1.44 (1.21 – 1.73) 1.73 (1.31 – 2.29) 1.39 (1.01 – 1.92)

  Hemodialysis‡‡ 2.95 (1.98 – 4.38) 1.67 (1.06 – 2.63) 3.13 (1.61 – 6.06) NS
*AAA= elective infrarenal abdominal aortic surgery; †cardiac death= death because of myocardial infarction, heart failure 
and arrhythmia; ‡CEA= carotid endarterectomy; §COPD= chronic obstructive pulmonary disease; ||LLR= lower limb arterial 
reconstruction procedures; #r-AAA= acute infrarenal abdominal aortic surgery; **renal dysfunction=baseline serum 
creatinine >1.5 mg/dl; ††renal failure= peak post-operative serum creatinine > + 0.5 mg/dl (> 44 umol/L) within three days 
after surgery compared with preoperative serum creatinine ‡‡Excluding patients who were on preoperative dialysis
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Furthermore, we conclude that CCV death is the major cause of perioperative and long-term mortal-
ity among vascular surgical patients with PAD (76% and 46%, respectively). Cardiac risk factors and 
perioperative cardiac complications are associated with long-term cardiac death, but non-cardiac 
complications including infection, stroke, amputation, acute renal failure, and dialysis dependency 
are mainly related with all-cause mortality.

The type of vascular surgery was found to be an independent risk factor for an adverse outcome 
in the perioperative period but not during the long-term follow-up. The long-term prognosis of 
patients undergoing acute repair of the ruptured abdominal aorta is similar to patients undergoing 
elective AAA surgery, contrary to the perioperative period. Similar results were observed by Soisalon-
Soininen et al.11 among 1,070 patients undergoing repair of ruptured and nonruptured abdominal 
aorta aneurysms.

Aggressive treatment of atherosclerotic risk factors (i.e. hypertension, diabetes mellitus, smoking, and 
hypercholesterolemia) and usage of cardioprotective medications (i.e. beta-blockers, statins, aspirin, 
and ACE inhibitors) are recommended for PAD patients, because they are associated with improved 
long-term survival12-14. However, in our matched PAD and CAD population for cardiovascular risk fac-
tors, we clearly observed an underuse of cardiac medication among patients with PAD. McDermott 
et al.8 reported that patients with CAD, compared with PAD patients, are treated more frequently 
with aspirin and lipid-lowering medication (82% vs. 37% and 56% vs. 40%, respectively). Overall, the 
undertreatment of PAD patients can explain their worse long-term outcome when compared with 
CAD patients.

Peripheral atherosclerotic disease is becoming an increasingly important health issue in Western 
society; it affects between 8 to 12 million adults15. The introduction of endovascular repair has the 
potential to improve the outcome for PAD patients undergoing non-cardiac surgery because of its 
reduced perioperative myocardial stress16. This technique is currently considered as a promising alter-
native, especially in high-risk cardiac patients. In addition, new cardioprotective strategies, including 
medical therapy17 and prophylactic coronary interventions18, are currently being evaluated in these 
patients. Though the preliminary results of endovascular repair are promising and associated with 
improved immediate post-operative outcome, the beneficial effect on long-term survival remains 
controversial3,19,20. We described the results of open surgery in a tertiary hospital in relation to long-
term outcome of patients undergoing different types of vascular surgery. The results of this study 
will provide useful information to compare long-term outcome between open and endovascular 
surgery.

We do think that propensity matching is appropriate in this study setting. In this study, we deal with 
patients with the same underlying disease, namely generalized atherosclerosis. However, patients 
with PAD present themselves with different clinical symptoms (e.g. claudication), compared with the 
more cardiac-related complications (e.g. angina) observed in CAD patients. We used the propensity 
score to compare survival of patients with generalized atherosclerosis with the same risk profile with 
2 different treatments (PAD or CAD).

Study limitations
First, the study is not a randomized clinical trial but an observational study of a propensity-matched 
cohort. Despite using propensity to adjust as much as possible for the bias inherent in the decision 
about being PAD or CAD patients, we cannot exclude the possibility of residual confounding. As can 
be seen in TABLE 31.1, the PAD and CAD populations differed significantly, and by using the propensity 
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score matching procedure, the resulting matched CAD cohort ultimately reassembled the PAD cohort. 
We did not match the PAD and CAD database with the risk factor hypercholesterolemia, because of 
the inconsistency of the CAD database regarding the reporting of hypercholesterolemia during the 
early stage of our study period. Second, although data were prospectively collected, this analysis 
is retrospective. Because of the acute setting of r-AAA patients, not all the baseline characteristics 
were completely recorded in the admission data, which might result in an underdiagnosis of some 
risk factors. Third, changes in the perioperative management have evolved markedly over time and 
were not taken into account in our analysis. These include multiple factors ranging from preoperative 
management, such as drug therapy, to anesthesiological and surgical techniques to intensive post-
surgical care management. We tried to adjust for this confounding by adding the year of operation 
in our multivariate analysis (as a categorical variable per 2 years). We did not investigate our results 
across different time periods, because we did not observe different perioperative (30-day) outcomes 
in the PAD database over time. Finally, in our cohort, we found a remarkably low incidence of diabetes 
mellitus (15%). The diagnosis of diabetes mellitus was based on the requirement for insulin therapy, 
hypoglycemic agents, or as fasting blood glucose ≥ 140 mg/dl. In patients qualified as nondiabetics 
with PAD, fasting glucose levels may be normal, and the diagnosis of diabetes is only made after a 
glucose loading test. Unfortunately, we did not routinely perform a loading test for patients with a 
normal fasting glucose. Therefore, the number of diabetics might be underestimated.

References

	 1.	 Sukhija R, Aronow WS, Yalamanchili K, Sinha N, Babu S, Prevalence of coronary artery disease, lower 
extremity peripheral arterial disease, and cerebrovascular disease in 110 men with an abdominal aortic 
aneurysm, Am J Cardiol 94 (2004), pp. 1358–1359.

	 2.	 Dieter RS, Tomasson J, Gudjonsson T et al., Lower extremity peripheral arterial disease in hospitalized 
patients with coronary artery disease, Vasc Med 8 (2003), pp. 233–236.

	 3.	 Back MR, Leo F, Cuthbertson D, Johnson BL, Shamesmd ML, Bandyk DF, Long-term survival after vascular 
surgery: specific influence of cardiac factors and implications for preoperative evaluation, J Vasc Surg 40 
(2004), pp. 752–760.

	 4.	 Roger VL, Ballard DJ, Hallett Jr. JW, Osmundson PJ, Puetz PA, Gersh BJ, Influence of coronary artery 
disease on morbidity and mortality after abdominal aortic aneurysmectomy: a population-based study, 
1971–1987, J Am Coll Cardiol 14 (1989), pp. 1245–1252.

	 5.	 Hollier LH, Plate G, O’Brien PC et al., Late survival after abdominal aortic aneurysm repair: influence of 
coronary artery disease, J Vasc Surg 1 (1984), pp. 290–299.

	 6.	 McFalls EO, Ward HB, Santilli S, Scheftel M, Chesler E, Doliszny KM, The influence of perioperative 
myocardial infarction on long-term prognosis following elective vascular surgery, Chest 113 (1998), pp. 
681–686.

	 7.	 Jamieson WR, Janusz MT, Miyagishima RT, Gerein AN, Influence of ischemic heart disease on early and 
late mortality after surgery for peripheral occlusive vascular disease, Circulation 66 (1982), pp. I92–I97.

	 8.	 McDermott MM, Mehta S, Ahn H, Greenland P, Atherosclerotic risk factors are less intensively treated in 
patients with peripheral arterial disease than in patients with coronary artery disease, J Gen Intern Med 
12 (1997), pp. 209–215.

	 9.	 Hirsch AT, Haskal ZJ, Hertzer NR et al., ACC/AHA guidelines for the management of patients with 
peripheral arterial disease (lower extremity, renal, mesenteric, and abdominal aortic): a collaborative 
report from the American Associations for Vascular Surgery/Society for Vascular Surgery, Society for 
Cardiovascular Angiography and Interventions, Society for Vascular Medicine and Biology, Society of 
Interventional Radiology, and the ACC/AHA Task Force on Practice Guidelines (Writing Committee to 
Develop Guidelines for the Management of Patients With Peripheral Arterial Disease)—summary of 
recommendations, J Am Coll Cardiol 47 (2006), pp. 1239–1312.



Ch
ap

te
r 3

1

350

	 10.	 Lee TH, Marcantonio ER, Mangione CM et al., Derivation and prospective validation of a simple index for 
prediction of cardiac risk of major noncardiac surgery, Circulation 100 (1999), pp. 1043–1049.

	 11.	 Soisalon-Soininen S, Salo JA, Takkunen O, Mattila S, Comparison of long-term survival after repair of 
ruptured and non-ruptured abdominal aortic aneurysm, Vasa 24 (1995), pp. 42–48.

	 12.	 Aronow WS, Peripheral arterial disease, Geriatrics 62 (2007), pp. 19–25.
	 13.	 Feringa HH, van Waning VH, Bax JJ et al., Cardioprotective medication is associated with improved 

survival in patients with peripheral arterial disease, J Am Coll Cardiol 47 (2006), pp. 1182–1187.
	 14.	 Hirsch AT, Criqui MH, Treat-Jacobson D et al., Peripheral arterial disease detection, awareness, and treat-

ment in primary care, JAMA 286 (2001), pp. 1317–1324.
	 15.	 Selvin E, Erlinger TP, Prevalence of and risk factors for peripheral arterial disease in the United States: 

results from the National Health and Nutrition Examination Survey, 1999–2000, Circulation 110 (2004), 
pp. 738–743.

	 16.	 Prault TL, Stevens SL, Freeman MB, Cassada D, Hardin R, Goldman MH, Open versus endo: early experi-
ence with endovascular abdominal aortic aneurysm repair beyond the clinical trials, Heart Surg Forum 7 
(2004), pp. E459–E461.

	 17.	 Poldermans D, Boersma E, Bax JJ et al., The effect of bisoprolol on perioperative mortality and myocardial 
infarction in high-risk patients undergoing vascular surgery Dutch Echocardiographic Cardiac Risk Evalu-
ation Applying Stress Echocardiography Study Group, N Engl J Med 341 (1999), pp. 1789–1794.

	 18.	 McFalls EO, Ward HB, Moritz TE et al., Coronary-artery revascularization before elective major vascular 
surgery, N Engl J Med 351 (2004), pp. 2795–2804.

	 19.	 Schouten O, van Waning VH, Kertai MD et al., Perioperative and long-term cardiovascular outcomes in 
patients undergoing endovascular treatment compared with open vascular surgery for abdominal aortic 
aneurysm or iliaco-femoro-popliteal bypass, Am J Cardiol 96 (2005), pp. 861–866.

	 20.	 Moore WS, Matsumura JS, Makaroun MS et al., Five-year interim comparison of the Guidant bifurcated 
endograft with open repair of abdominal aortic aneurysm, J Vasc Surg 38 (2003), pp. 46–55



Chapter 32
Temporary worsening of renal function after 

aortic surgery is associated with higher 
long-term mortality

Gijs M.J.M. Welten
Olaf Schouten

Michel Chonchol
Sanne E. Hoeks

Harm H.H. Feringa
Jeroen J. Bax

Martin Dunkelgrün
Yvette R.B.M. van Gestel

Ron T. van Domburg
Don Poldermans

Am J Kidney Dis. 2007;50(2):219-28.



Ch
ap

te
r 3

2

352

Abstract

Background: Little is known about acute changes of renal function in the postoperative period, and 
outcome of patients undergoing major vascular surgery. Specifically, data are scarce in patients in 
whom renal function is temporarily decreased and returns to baseline at 3 days after surgery.

Methods: 1324 patients who underwent elective open abdominal aortic aneurysm surgery in a 
single center were studied. Renal function (creatinine clearance, CrCl) was measured preoperatively 
and on days 1, 2 and 3 after surgery. Patients were divided into 3 groups: (1) improved or unchanged 
(∆CrCl ± 10% function compared to baseline value); (2) temporary worsening (worsening >10% at 
day 1 or 2, then complete recovery within 10% of baseline value at day 3); (3) persistent worsening 
(>10% decrease compared to baseline value). Outcome measure was all-cause mortality.

Results: 30-day mortality was 1.3%, 5.0% and 12.6% in the three groups, respectively. Adjusted 
for baseline characteristics and postoperative complications, 30-day mortality was the highest in 
patients with a persistent worsening of renal function (hazard ratio [HR]: 7.3, 95% confidence interval 
[CI]: 2.7-19.8), followed by those with temporary worsening (HR: 3.7, 95%CI: 1.4-9.9). During 6.0 ± 3.4 
years follow-up, 348 (36.5%) patients died. The risk of late mortality was 1.7 (95%CI: 1.3-2.3) in the 
persistent worsening group followed by those with temporary worsening (HR: 1.5, 95%CI: 1.2-1.4).

Conclusions: Although renal function may recover completely after aortic surgery temporary 
decreased renal function was associated with an increased long-term mortality.
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Introduction

Atherosclerosis is a generalized disease with symptoms ranging from angina pectoris, myocardial 
infarction, stroke to claudication. The major cause of abdominal aortic aneurysm [AAA] is athero-
sclerosis and is frequently associated with impaired organ function, a true determinant of long-term 
survival following surgery1. Renal dysfunction with or without symptoms is often present, and is 
considered to be a marker for the presence and severity of underlying vascular disease2-4. Postop-
erative decreased renal function is a well known feared complication after major vascular surgery 
and associated with increased long-term mortality5,6. The incidence rate varies between 2 to 45% 
(ranging from mild renal dysfunction to chronic hemodialysis)6-9. The pathogenesis of postoperative 
decreased renal function is multifactorial10. Poor baseline renal function, perioperative blood loss, 
use of nephrotoxic agents, suprarenal aortic cross-clamping time, high intraabdominal pressure, sys-
temic or regional hypoperfusion, temporary hypotension and ligation of renal veins during surgery 
all negatively affect postoperative renal function. All these factors combined can cause acute renal 
failure with a high periprocedural mortality rate of 50–80%11-13. In patients with abnormal kidney 
function at baseline, postoperative chronic renal dysfunction requiring renal replacement therapy is 
common. In order to prevent this devastating complication, it is recommended to take every possible 
measure to minimize the risk5,11,14.  Importantly, even subtle changes in postoperative renal function 
might identify patients at risk.

However, little is known about acute changes of renal function in the postoperative period, and its 
short and long-term outcome of patients undergoing major vascular surgery. Specifically, data are 
scarce in patients in whom renal function is temporarily decreased and returns to baseline value 
within three days after surgery; i.e. temporary worsening of renal function. Hence, the purpose of this 
observational study was to describe the predictive value of postoperative renal function changes, 
especially in those with temporary worsening of renal function, of patients undergoing AAA sur-
gery.

Methods

Study design and patient selection
Between January 1995 and June 2006, 1 324 patients underwent open infrarenal abdominal aortic 
aneurysm [AAA] repair at the Erasmus Medical Centre, Rotterdam, the Netherlands and were entered 
into a computerized database. Exclusion criteria were patients with a baseline creatinine clearance 
of <30 mL/min (0.5 mL/s), those on chronic hemodialysis, patients who died within three days after 
surgery, endovascular surgery and patients who required additional renal revascularization.

Renal function assessment
Serum creatinine was assessed by a nonkinetic alkaline picrate (Jaffe) method15. The renal function 
or creatinine clearance [CrCl] was computed with the Cockcroft and Gault formula from serum crea-
tinine, age, gender and body weight. The following equation was used: Creatinine clearance (CrCl, 
mL/min/1.73m²) = (140 – age/years) * (body weight/kg)/72 * serum creatinine (mg/dL), multiplied by 
0.85 in women16.
This equation gives a more accurate assessment of renal function than serum creatinine alone17-19.
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Renal function groups
The serum creatinine (mg/dL) was measured preoperatively at baseline, and postoperatively at day 
1, day 2 and day 3. Patients were divided into three groups, based on changes in estimated CrCl from 
baseline to day 1 or 2 and from day 1 or 2 to day 3: group 1: improved or unchanged renal function 
(∆CrCl between -10% to +10% function compared to baseline value); group 2: temporary worsening 
of renal function (temporary worsening of >10% at day 1 or 2, then complete recovery within 10% of 
baseline value at day 3); group 3: persistent worsening of renal function (>10% decrease compared to 
baseline value). Baseline creatinine clearance was defined as the value recorded just before surgery, 
when data were not available, the measurements in the preceding days before surgery were used.

Clinical follow-up and end points
Perioperative clinical information was retrieved from an electronic database of patients maintained 
in our hospital. On occasion, missing data were abstracted retrospectively by reviewing patients’ 
medical records. From the municipal civil registries, we obtained the survival status. The follow-up was 
complete in 98.2%. The primary outcome was overall 30-day and long-term all-cause mortality after 
AAA surgery, verified by contacting the patient’s primary physician and reviewing medical records. 
Mortality at 30 days was defined as all deaths occurring during postoperative in-hospital stay or after 
hospital discharge but within the first 30 days after surgery. Long-term mortality was defined as 
death occurring in the first ten years after surgery. The causes of death were grouped into 3 different 
categories: (1) cerebro-cardiovascular death [CCVD], (2) non-cerebrocardiovascular death [non-CCVD] 
and (3) unknown cause of death. Cerebro-cardiovascular death was defined as any death with a 
cerebro-cardiovascular complication as the primary or secondary cause and included deaths following 
myocardial infarction (MI), serious cardiac arrhythmias (defined as the presence of a sustained cardiac 
rhythm disturbance that required urgent medical intervention), congestive heart failure, stroke [cerebro 
vascular accident (CVA) or transient ischemic attack (TIA)], surgery-related fatal bleeding complications 
and others. Sudden unexpected death was classified as a CCVD. Non-CCVD was defined as any death 
with a principal non-cerebro-cardiovascular cause, including infection, malignancy, respiratory insuffi-
ciency and others. The cause of death was ascertained by reviewing medical records, the computerized 
hospital database, autopsy reports, or by contacting the referring physician or general practitioner. The 
secondary outcome was short-term complications (perioperative and during postoperative in-hospital 
stay within 30 days or after hospital discharge but within the first 30 days after surgery). The complica-
tions noted are infection, stroke, coronary revascularization [coronary artery bypass grafting (CABG) or 
percutaneous coronary intervention (PCI)], heart failure, limb amputation, limb necrosis, hemorrhage 
(vascular bleeding leading to a hypotensive state (systolic pressure of <100 mmHg) and requirement 
of blood transfusions) and new postoperative dialysis (temporary or persistent).

Statistical analyses
Continuous data are described as mean values and its standard deviation (±SD) or as median (and cor-
responding interquartile range), and dichotomous data are described as percentage frequencies. The 
analysis of variance (ANOVA) with Bonferroni test was used for continuous variables and chi-square 
test was used for categorical variables. The probability of all-cause mortality was calculated by the 
Kaplan-Meier method and the resulting curves were compared by the log rank test. We performed 
multivariate Cox regression analyses to investigate the independent value of CrCl for perioperative 
and long-term mortality, after adjustment for age, gender, cardiovascular risk factors [e.g. hyperten-
sion (defined as systolic blood pressure ≥ 140 mmHg, diastolic blood pressure ≥ 90 mmHg or use of 
cardiovascular medication), diabetes mellitus (the presence of a fasting blood glucose ≥ 140 mg/
dl (≥ 7.8 mmol/L) or requirement for insulin or oral hypoglycemic agents), smoking status, hyper-
cholesterolemia [total cholesterol of > 200 mg/dl (> 5.2 mmol/L)], chronic obstructive pulmonary 
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disease (COPD), according to symptoms and pulmonary function tests (i.e. forced expiratory volume 
in one second (FEV1) <70% of maximal age and gender predictive value), body mass index (BMI) and 
medication usage (statins, diuretics, angiotensin-converting-enzyme inhibitors, calcium antagonists, 
nitrates, beta-blockers, digitalis and aspirin), presence of ischemic heart disease (prior myocardial 
infarction, prior coronary revascularization and angina pectoris), heart failure (defined according to 
the New York Heart Association classification), baseline creatinine clearance and short-term complica-
tions (infection, stroke, coronary intervention, heart failure, amputation, limb necrosis, hemorrhage 
and dialysis requirement). All prescription and over-the-counter medications were noted on the 
day of admission. Data are presented as Hazard Ratios [HRs] with 95% confidence intervals [CIs]. A 
p value of <0.05 was considered significant. The proportional hazards assumptions were tested by 
constructing interaction terms between the variables and time to each end-point. Cox regression 
analyses showed no statistically significant interaction with time (each p value >0.05). All computa-
tions were performed with SPSS software version 12.0.1 (SPSS Inc., Chicago, Illinois, USA), running 
under Windows 2000 Professional.

Results

Patient characteristics
A total of 1 324 patients underwent AAA surgery. After exclusion of patients with a preoperative crea-
tinine clearance of <30 mL/min (0.5 mL/s) (n=86), those on chronic hemodialysis (n=8), endovascular 
surgery (n=236), those patients who died within three days after surgery (n=31) and patients who 
required additional renal revascularization (n=11), the population included in the analysis was 952 
patients. Of 28 (2.9%) patients, missing data were abstracted by reviewing patients’ medical records. 
Mean age was 66 ± 14 years and 80% were men. Improved or unchanged renal function, temporary 
worsening of renal function and persistent worsening of renal function were present in 56%, 27% 
and 17% of the patient’s population, respectively. In the whole population, a slight decrease in CrCl 
was observed within three days after surgery (mean CrCl day 1 or 2 after surgery is 76 ± 40 ml/min 
(1.27 ± 0.67 mL/s), on day 3 it was noticed to be 77 ± 44 ml/min (1.28 ± 0.73 mL/s), compared with 
a preoperative CrCl of 81 ± 34 ml/min (1.35 ± 0.57 mL/s). Mean changes in CrCl on day 1 or 2 and 
on day 3 for the temporary and persistent worsening of renal function groups were -30%/-7% and 
-35%/-46% compared with baseline value, respectively (FIGURE 32.1). The baseline characteristics in 
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Figure 32.1	 Subdivision of the renal function groups, based on the creatinine clearance [CrCl] response, with mean 
changes of CrCl (% ± SD).
Improved or unchanged renal function: ∆ creatinine clearance between –10% to +10% function 
compared to baseline value; temporary worsening of renal function: temporarily worsening >10% at 
day 1 or 2, then complete recovery within 10% of baseline value at day 3; persistent worsening of renal 
function:>10% decrease compared to baseline value.
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the three groups were similar for renal function and cerebro-cardiovascular risk factors (TABLE 32.1). 
Only a higher incidence of hypertension was observed in the temporary and persistent worsening 
renal function groups. A significant association between total perioperative blood loss and suprare-
nal aortic cross-clamping time was found with worsening of renal function (p <0.001). No significant 
difference in aortic cross-clamping time between the temporary and persistent worsening renal 
function group was observed (p=0.3).

Table 32.1 Baseline characteristics of the abdominal aortic aneurysm group.

All patients
952 (100%)

Improved or
unchanged 

renal function
535 (56%)

Temporary
worsening of 
renal function

258 (27%)

Persistent
worsening of 
renal function

159 (17%)

p-value

Demographics

  Mean age (± SD) 66 (± 14) 65 (± 14) 67 (± 14) 66 (± 14) 0.1

  Male (%) 79 80 76 83 0.2

Cardiovascular risk factor (%)

  Hypertension 41 36 47 50 <0.001

  Diabetes Mellitus 6 6 5 9 0.3

  Current smoker 31 30 33 31 0.8

  Elevated cholesterol 23 23 28 16 0.1

  COPD† 21 19 23 26 0.1

  Body mass index (± SD) 25 (± 4) 25 (± 4) 25 (± 4) 26 (± 3) 0.1

 � Baseline serum creatinine (mg/dl) (± SD) 1.0 (± 0.3) 1.0 (± 0.3) 1.0 (± 0.3) 1.1 (± 0.3) 0.5

 � Baseline creatinine clearance (mL/min) (± SD) 81 (± 34) 80 (± 30) 80 (± 36) 83 (± 41) 0.7

Disease history (%)

  Previous MI‡ 30 28 31 37 0.3

  Previous CABG* 14 14 16 12 0.5

  Previous PCI° 6 6 7 5 0.8

  Previous heart failure 5 5 4 6 0.6

  Angina 15 15 12 16 0.6

Medication use (%)

  Statins 23 22 27 23 0.3

  Diuretics 12 10 14 13 0.2

  ACE-inhibitors¯ 24 22 25 29 0.2

  Calcium antagonists 30 27 35 33 0.07

  Nitrates 15 16 13 17 0.4

  Beta-blockers 34 34 33 37 0.7

  Digitalis 3 2 4 3 0.6

  Aspirin 21 22 22 18 0.6

Surgery parameters (median ± SD)

  Total blood loss (ml) 2250(± 2720) 2000(± 1946) 2500(± 2449) 3200(± 4356) <0.001

  SACCT (min)ˆ 51 (± 29) 40 (± 21) 54 (± 28) 63 (± 30) <0.001

†COPD= Chronic Obstructive Pulmonary Disease; ‡MI= Myocardial Infarction; *CABG= Coronary Artery Bypass Graft; °PCI= 
Percutaneous Coronary Intervention; ¯ACE-inhibitors= angiotensin-converting-enzyme inhibitors; ˆSACCT= suprarenal 
aortic cross-clamping time Creatinine clearance (ml/min/1.73m²) estimated by Cockcroft and Gault formula; Improved or 
unchanged renal function: ∆ creatinine clearance between –10% to +10% function compared to baseline value; temporary 
worsening of renal function: temporarily worsening >10% at day 1 or 2, then complete recovery within 10% of baseline 
value at day 3; persistent worsening of renal function: >10% decrease compared to baseline value. NOTE. To convert serum 
creatinine in mg/dl to umol/L, multiply by 88.4; creatinine clearance in ml/min to mL/s, multiply by 0.01667.
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Short-term outcome
Overall 30-day mortality was 1.3%, 5.0% and 12.6% in the three renal function groups, respectively. 
The survival was significantly worse in the temporary and persistent worsening renal function 
group, compared with those with an improved or unchanged renal function (p <0.001), as shown 
in the Kaplan-Meier (FIGURE 32.2). Both the unadjusted and adjusted regression analysis showed a 
significant difference in risk of 30-day mortality (TABLE 32.2). The Hazard Ratios of the temporary and 
persistent worsening of renal function groups were compared with the improved or unchanged renal 
function group. The unadjusted HRs were 4.0 (95% CI: 1.6–10.2) followed with 10.9 (95% CI: 4.5–26.2). 
After adjustment, they were 3.7 (95% CI: 1.4–9.9) and 7.3 (95% CI: 2.7–19.8), respectively. The adjusted 
HR for baseline creatinine clearance was 0.975 (95% CI: 0.958–0.993, p=0.007) per 1 ml/min increase 
in CrCl. Other important risk factors were hemorrhage (HR 3.3, 95%CI: 1.3–8.3), COPD (HR 3.0, 95%CI: 
1.4–6.4), myocardial infarction (HR 7.5, 95%CI: 2.1–27.1) and dialysis (HR 6.3, 95%CI: 1.9–21.3). Beta-
blocker use was associated with improved short-term outcome (HR 0.3, 95%CI: 0.1–0.9). Patients with 
a persistent worsening of renal function had more frequently hemorrhages (p <0.001) and required 
postoperative initiation of dialysis more often, compared with the other two renal function groups 
(TABLE 32.3).

Long-term outcome
A total of 348 (36.5%) patients died within the 10 years follow-up (mean 6.0 ± 3.4 years). In the 
improved or unchanged renal function group 30.8% patients died, followed with 43.4% and 46.5% 
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Figure 32.2	 All cause short-term mortality in 952 patients who underwent abdominal aortic aneurysm surgery, 
according to three renal function groups.
Improved or unchanged renal function: ∆ creatinine clearance between –10% to +10% function 
compared to baseline value; temporary worsening of renal function: temporarily worsening >10% at 
day 1 or 2, then complete recovery within 10% of baseline value at day 3; persistent worsening of renal 
function>10% decrease compared to baseline value.
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Table 32.2
Unadjusted and adjusted predictors of estimate risk of short and long-tem mortality in the abdominal 
aortic aneurysm group (n=983).

Unadjusted HRs
(95% CI)

Adjusted* HRs
(95% CI)

30-day outcome

  Improved or unchanged renal function 1.0 1.0

  Temporary worsening of renal function 4.0 (1.6 – 10.2) 3.7 (1.4 – 9.9)

  Persistent worsening renal function 10.9 (4.5 – 26.2) 7.3 (2.7 – 19.8)

10-year outcome

  Improved or unchanged renal function 1.0 1.0

  Temporary worsening of renal function 1.7 (1.3 – 2.1) 1.5 (1.2 – 1.9)

  Persistent worsening renal function 2.1 (1.6 – 2.7) 1.7 (1.3 – 2.3)

*Adjusted for age, gender, hypertension, diabetes mellitus, smoking, hypercholesterolemia, COPD, BMI, prior myocardial 
infarction, prior coronary revascularization (percuntaneous coronary intervention and coronary artery bypass grafting), 
angina pectoris, heart failure, baseline creatinine clearance, medication (statins, diuretics, angiotensin-converting-enzyme 
inhibitors, calcium antagonists, nitrates, beta-blockers, digitalis and aspirin) and short-term complications (infection, 
stroke, coronary intervention, hart failure, amputation, limb necrosis, hemorrhage and dialysis). Improved or unchanged 
renal function∆ creatinine clearance between –10% to +10% function compared to baseline value; temporary worsening 
of renal function: temporarily worsening >10% at day 1 or 2, then complete recovery within 10% of baseline value at day 3; 
persistent worsening of renal function: >10% decrease compared to baseline value.

Table 32.3 Short-term complications after abdominal aortic aneurysm surgery.

All patients

952 (100%)

Improved or
unchanged renal 

function
535 (56%)

Temporary
worsening of renal 

function
258 (27%)

Persistent
worsening of renal 

function
159 (17%)

p-value

Complications n (%)

Infection 177 (19) 88 (16) 57 (22) 32 (20) 0.1

  Wound 25 (3) 14 (3) 8 (3) 3 (2) 0.7

  Pneumonia 91 (10) 39 (7) 32 (14) 20 (13) 0.02

  Sepsis 11 (1) 4 (1) 2 (1) 5 (3) 0.05

  Urinary tract infection 32 (3) 22 (4) 10 (4) 0 (0) 0.03

  Rest 18 (2) 9 (2) 5 (2) 4 (3) 0.8

Stroke 21 (2) 8 (2) 6 (2) 7 (4) 0.1

Coronary intervention 13 (1) 5 (<1) 3 (1) 5 (3) 0.2

Heart failure 20 (2) 9 (2) 5 (2) 6 (4) 0.3

Amputation 12 (1) 4 (1) 3 (1) 5 (3) 0.06

Limb necrosis 23 (2) 10 (2) 7 (3) 6 (3) 0.5

Hemorrhage 60 (6) 24 (4) 14 (5) 22 (14) <0.001

Dialysis† 26 (3) 1 (<1) 3 (1) 22 (14) <0.001

  Temporary dialysis 23 (2) 1 (<1) 3 (1) 19 (12) <0.001

  Persistent dialysis 3 (1) 0 (0) 0 (0) 3 (2) 0.001

Coronary intervention=coronary artery bypass grafting or percutaneous coronary intervention; hemorrhage= 
vascular bleeding leading to a hypotensive state (systolic pressure of <100 mmHg) and requirement of packet cells; 
dialysis=requirement of new postoperative temporary or persistent dialysis. Improved or unchanged renal function∆ 
creatinine clearance between –10% to +10% function compared to baseline value; temporary worsening of renal function: 
temporarily worsening >10% at day 1 or 2, then complete recovery within 10% of baseline value at day 3; persistent 
worsening of renal function: >10% decrease compared to baseline value.† excluding 8 patients on chronic haemodialysis
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in the temporary and persistent worsening of renal function groups. During the long-term follow-up, 
patients with temporary worsening of renal function had the same long-term prognosis as patients 
with persistent worsening of renal function (log rank p=0.18) (FIGURE 32.3).

In adjusted analysis, significant risk factors for long-term all-cause mortality included age (HR 1.02, 
95%CI: 1.006–1.03, per 1 year increase in age), COPD (HR 1.8, 95%CI: 1.4–2.3), baseline CrCl (HR 0.992, 
95%CI: 0.988–0.997 per 1 ml/min increase in CrCl), stroke (HR 1.5, 95%CI: 1.1–2.0), dialysis (HR 2.6, 
95%CI: 1.5–4.6) and hemorrhage (HR 1.5, 95%CI: 1.01–2.2). Statin use was associated with improved 
long-term outcome (HR 0.69, 95%CI: 0.5–0.96).

Cerebro-cardiovascular events (157 (45%)) were the major cause of death which included: MI 19%, 
congestive hart failure 9%, arrhythmia 2%, stroke 7%, fatal bleeding 5% and others 3%. The non-
cerebro-cardiovascular (115 (33%)) events included: infection 7%, malignancy 9%, respiratory insuf-
ficient 7% and others 10%. An unknown cause of death was only determined in 76 (22%) patients.

Discussion

The main finding of our study is that renal function changes within the first three days after abdomi-
nal aortic aneurysm (AAA) surgery is a predictor for perioperative and long-term mortality. Although, 
renal function may recover completely after aortic surgery with a more or less favorable 30-day 
outcome, they are at high risk for long-term mortality, while patients with a persistent worsening of 
renal function are most likely to have a poor 30-day and long-term prognosis.

0 5 10
Time (years)

0

20

40

60

80

100

C
um

ul
at

iv
e 

su
rv

iv
al

 (%
)

At risk 

535
258
159

299
122
61

Log rank < 0.001

p < 0.001

p = 0.18

Improved or unchanged renal function

Temporary worsening of renal function

Persistent worsening of renal function

49
25
9

Figure 32.2	 All cause long-term mortality in 952 patients who underwent abdominal aortic aneurysm surgery, 
according to three renal function groups.
Improved or unchanged renal function: ∆ creatinine clearance between –10% to +10% function 
compared to baseline value; temporary worsening of renal function: temporarily worsening >10% at 
day 1 or 2, then complete recovery within 10% of baseline value at day 3; persistent worsening of renal 
function: >10% decrease compared to baseline value.
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The temporary and persistent worsening renal function groups have a higher incidence of hyperten-
sion, compared with the improved or unchanged group. Also the total blood loss and suprarenal 
aortic cross-clamping time as postoperative complications are significantly higher. All these risk 
factors combined, indicate that these two groups are predisposed for a higher risk of postoperative 
renal failure and thereby mortality11,20-22.

As mentioned before, the etiology of developing postoperative renal failure after aortic surgery 
is multifactorial. Renal function prior to surgery, total blood loss, the use of nephrotoxic agents, 
preexisting atherosclerosis, hypertension, suprarenal aortic cross-clamping time and ligation of renal 
veins during the operation all negatively affect postoperative renal function and, in turn, leads to 
death20,23-25.

Suprarenal aortic cross-clamping is required in about 15% of operations for infrarenal vascular disease 
resulting in renal hypoxia reperfusion injury, which is an inevitable consequence. When limb ischemia 
is also present, muscle necrosis and myoglobinuria might also be present, all negatively affecting 
renal function26. A safe renal ischemia time has been determined to be between 45–50 minutes20,27. 
The median cross-clamping times of the temporary and persistent worsening renal groups are higher 
than the above cutoff, however there was no significant differences in clamping time between these 
groups. An intraoperative blood loss exceeding 2000 ml has also been found to be an independent 
predictor of 30-day mortality in patients with a ruptured AAA22.  Since the temporary and persistent 
worsening of renal function groups have a total blood loss higher than 2000 ml, they were at high risk 
for an increase 30-day mortality.

Lassnigg, et al. suggested that patients who survived the first 30 days after cardiothoracic surgery and 
had sufficient recovery of renal functions regained the same long-term prognosis as patients without 
temporary impaired renal function21. In our study, patients with temporary renal function changes 
had a worse 30-day survival than patients without renal function changes (log rank p = 0.002), but 
they never regain the same long-term (10 years) prognosis (log rank p <0.001). Actually, the trend 
is that patients with temporary renal function changes have even a worse long-term outcome than 
those with persistent worsening of renal function. The high-risk patients, with persistent worsening 
of renal function, die mainly within the first 30 days, so the diluting effect of renal function changes is 
less for the long-term mortality outcome. The risk of developing severe non-renal complications that 
might lead to death, is increased further by renal injury itself and can be explained by the extent and 
pattern of preexisting co morbidities.

The effect of acute changes (within the first three days) on renal function after AAA surgery was 
also investigated by Ellenberger, et al6. They reported the highest mortality rate within 30-days 
of patients with serum creatinine increases of > 0.5 mg/dl (> 44 umol/L) compared with baseline, 
again indicating that renal function changes within three days after surgery, is a strong predictor for 
perioperative mortality. However, long-term mortality was not evaluated and serum creatinine was 
used as a marker for renal function. Even though serum creatinine is considered to be a practical 
and reasonable approach to use for the evaluation of renal dysfunction, we chose CrCl as a more 
accurate measurement of renal function, as recommended by the recent National Kidney Foundation 
guidelines28.

In our cohort, we found a remarkably low incidence of diabetes mellitus (6%). Earlier cohorts of 
AAA repair reported an incidence of 12-13%29,30. The diagnosis of diabetes mellitus was based on 
requirement for insulin therapy, hypoglycemic agents or as fasting blood glucose ≥ 140 mg/dl (≥ 7.8 
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mmol/L). However, fasting glucose concentrations were not routinely assessed and may have caused 
an under diagnosis of diabetes.

A major limitation of our study is the retrospective analysis of the data. In addition, not all periopera-
tive data (duration of aortic cross clamping, transfusion requirements, need for additional surgical 
interventions, time to extubation, admission in intensive care unit, use of medication) were available 
to implement these parameters in our analysis. Furthermore, changes in the perioperative manage-
ment have evolved markedly over time and were not taken into account in our analysis. These include 
multiple factors ranging from preoperative management, such as drug therapy, anesthesiological 
and surgical techniques to intensive post-surgical care management.

It is well established that a key impediment in the field of Acute Renal Failure [ARF], is a lack of uni-
form definition in the changes of kidney function. Current definitions that relay on changes in serum 
creatinine and urine output are neither sensitive nor specific. In a recent publication31, the authors 
were able to describe 19 different definitions of ARF (ranging from –20% to –100% changes in serum 
creatinine or an increase in serum creatinine ranging from ≥ 0.3 mg/dl (≥ 27 umol/L) to ≥ 1.0 mg/dl 
(≥ 88 umol/L)). Although none of these cutoffs were evaluated, when comparing our arbitrary defini-
tion of change of kidney function with most other published definitions we found that our cutoff is 
extremely conservative. As the main objective of this study was to evaluate the association between 
small changes of renal function in relation to outcome, we have chosen a cutoff of 10% change. 
Furthermore, kidney function estimating equations (e.g. Cockcroft Gault) are derived in patients 
who were in a steady state. Since we reported perioperative estimated creatinine clearance changes 
(within three days after surgery) by definition, such a steady state is difficult to establish, which might 
underestimate true changes in kidney function. Unfortunately, there are no practical ways to readily 
measure kidney function in the acute setting. The strength of our study is that this retrospective study 
covers a long time period (6.0 ± 3.4 years) and includes a large number of patients. Few studies have 
focused on the long-term outcome of a temporary decrease in renal function shortly after surgery.

In conclusion, patients with temporary worsening of renal function are at high risk for poor 
long-term outcome suggesting that these patients might need more close medical follow-up than 
suggested previously.
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Abstract

Objective: To evaluate the effect of statins on aneurysm growth in a group of consecutive patients 
under surveillance for infrarenal aortic aneurysms (AAA).

Methods: All patients (59 statin users, 91 non-users) under surveillance between January 2002 and 
August 2005 with a follow-up for aneurysm growth of at least 12 months and a minimum of three 
diameter evaluations were retrospectively included in the analysis. Multiple regression analysis, 
weighted with the number of observations, was performed to test the influence of statins on AAA 
growth rate.

Results: During a median period of 3.1 (1.1–13.1) years the overall mean aneurysm growth rate was 
2.95±2.8 mm/year. Statin users had a 1.16 mm/year lower AAA growth rate compared to non-users 
(95% CI 0.33–1.99 mm/year). Increased age was associated with a slower growth (−0.09 mm/year 
per year, p=0.003). Female gender (+1.82 mm/year, p=0.008) and aneurysm diameter (+0.06 mm/
year per mm, p=0.049) were associated with increased AAA growth. The use of non-steroidal anti-
inflammatory drugs, chronic lung disease, or other cardiovascular risk factors were not independently 
associated with AAA growth.

Conclusions: Statins appear to be associated with attenuation of AAA growth, irrespective of other 
known factors influencing aneurysm growth.
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Introduction

Abdominal aortic aneurysm (AAA) occurs frequently in the elderly population, i.e. a prevalence of 
5–7% in males between 65 and 74 years, increasing to over 10% in males over 74 years of age1-3. 
The overall mortality from ruptured AAA remains high, i.e. up to 75%, and preventive elective repair 
of large AAAs appears to be the best option4. Screening for AAA in populations at increased risk, 
i.e. elderly males, to detect those who will benefit from elective repair seems to be safe and cost-
effective1-5. However, perioperative complications of elective AAA repair remain a significant problem 
despite recent advances such as cardioprotective medication6,7 and endovascular repair8,9.

Therefore, an attractive option would be the slowing of AAA growth, thereby preventing the AAA to 
reach a size requiring surgical intervention. However, the pathogenesis of AAA growth and factors 
that determine this growth, leading eventually to rupture, remain ill-defined. Recently, several stud-
ies were performed to identify risk factors that were associated with aneurysmal growth on the level 
of the human aorta itself using cell cultures obtained by aortic wall biopsies. Important factors in this 
respect are inflammation markers such as interleukin-610,11 and specific matrix metalloproteinases 
(MMPs) inducing collagen and elastin degradation in the aortic wall12. Importantly, drugs with an 
anti-inflammatory action such as prostaglandin synthetase inhibitors reduce the inflammatory 
response and are associated, in a case–control study in humans, with a reduced aneurysm growth 
rate13.

Statins (3-hydroxy-3-methylglutaryl co-enzyme A reductase inhibitors) are known to be highly 
effective drugs for reducing LDL–cholesterol levels and improve long-term outcome in patients with 
or at risk for coronary artery disease. Recently other, so-called ‘pleiotropic’, effects of statins were 
described14. Statins alter the inflammatory status, e.g. a reduction of IL-6 release, and may modulate 
the release of several substances in the arterial wall, including MMPs15. Recently, results of animal 
studies suggested an association between statin use and suppression of the development of aortic 
aneurysms due to these pleiotropic effects16.

However, so far no data are available on the influence of statins on growth of abdominal aneurysms 
in humans. Therefore, we conducted the present study with the aim to evaluate the effect of statins 
on aneurysm growth in a group of consecutive patients under surveillance for infrarenal aortic 
aneurysms.

Methods

Patient population
The study population was composed of patients who were under surveillance for infrarenal abdominal 
aortic aneurysm at two hospitals, Erasmus Medical Center in Rotterdam and Reinier de Graaf Gasthuis 
in Delft, in The Netherlands between January 2002 and August 2005. Patients were retrospectively 
identified by screening of surgical medical charts. Patients with an inflammatory (n=12) or mycotic 
aneurysm (n=1) were excluded from analysis. All patients had a follow-up for aneurysm growth of 
at least 12 months. A minimum of three separate diameter evaluations was required to calculate 
aneurysm growth rates. The Medical Ethics Committee of the Erasmus Medical Center was informed 
about the study protocol, and per institutional practice no official approval was requested.
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Patient characteristics
All patients were screened for cardiac risk factors, including age, hypertension, angina pectoris, previ-
ous myocardial infarction, heart failure, stroke, renal failure, diabetes mellitus, and symptoms of other 
peripheral arterial disease, i.e. intermittent claudication. Smoking status (never, current, or former) 
and presence of chronic obstructive pulmonary disease (COPD) was noted as well. All prescription 
and over-the-counter medications were noted at the time of the first outpatient clinic visit and 
were classified as follows: statins, beta-blockers, aspirin, angiotensin converting enzyme inhibitors, 
calcium channel blockers; dihydropyridines or non-dihydropyridines, diuretics, nitrates, coumarins, 
digoxin and non-steroidal anti-inflammatory drugs (NSAIDs). Patients who started statins during the 
surveillance period were analyzed as non-users up to the date statin therapy was initiated. These 
patients were excluded from further analysis after initiation of statin therapy.

Follow-up
The protocol in both hospitals was to screen patients with abdominal aortic aneurysms every 6–12 
months by means of ultrasonography. All ultrasound measurements were performed by either a radi-
ologist or a trained and skilled sonographer. Inter- and intra-observer variability has been estimated, 
based on previous studies from our group, at 96 and 98%, respectively, in our hospital with good 
reproducibility.17 The diameter of the aorta was defined as the maximum anterior–posterior diameter. 
At each follow-up visit changes in medication use were noted. If the diameter of the aortic aneurysm 
exceeded 5.0 cm, the growth rate was more than 1 cm/year, or the aneurysm became symptomatic 
CT angiography was performed to evaluate the exact diameter and the possibility of endovascular 
repair. The results of the CT scan were not considered in this study. Patients who required surgery 
were censored at the last ultrasonographic measurement prior to surgery.

Statistical analysis
Continuous data were expressed as mean (±SD) or median (±interquartile range) and compared 
using the Student’s t-test or Mann–Whitney U-test as appropriate, i.e. whether there was a normal 
distribution or not. Categorical data are presented as percent frequencies and differences between 
proportions were compared using the chi-square test. The change in maximum AAA diameter was 
assumed to be linear over time and modeled using linear regression analysis. Growth rate of the AAA 
for each patient was estimated as the regression coefficient, using time as the independent variable 
and diameter of AAA as the dependent variable. The time unit was set to 6 months and this growth 
rate was then doubled to give AAA growth rate in millimeter per year. Multiple regression analysis 
was performed to test the influence of statins on AAA growth rate. In linear regression analysis annual 
growth rate was the dependent variable and age, gender, AAA diameter at initial presentation, NSAID 
use, statin use, and cardiovascular risk factors were used as independent variables. The analysis was 
weighted with the number of observations (i.e. number of ultrasound measurements) for each 
patient. The limit of statistical significance was set at p=0.05 (two sided). All analysis was performed 
using the statistical software SPSS for Windows 12.1 (SPSS Inc., Chicago, Illinois, USA).

Results

Baseline characteristics
The study population consisted of 150 patients (88% men). Mean age at first presentation was 69±7.6 
years. In total, 59 patients (39%) were chronic statin users. Of these 59 statin users, 24 were on sim-
vastatin, 19 on atorvastatin, 11 on fluvastatin, and five patients received pravastatin therapy. Baseline 
patient characteristics are shown in TABLE 33.1. There were no significant differences in medical 
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history between groups, except for the presence of intermittent claudication (29% in statin users 
vs. 10% in non-users, p=0.007). Concomitant medication use is presented in TABLE 33.2. Statin users 
more often were on warfarin derivatives (23 vs. 10%, p=0.03) and angiotensin II antagonists (16 vs. 
0%, p<0.001). The mean maximum diameter at first presentation of the AAA was 38±7.7 mm. Statin 
users had a significantly larger aneurysm at first presentation (40 vs. 37 mm, p=0.02).

Follow-up
Patients were under surveillance for a median period of 3.1 years (range 1.1–13.1), 2.9 years for statin 
users and 3.2 years for non-users (p=0.49), with the number of ultrasound examinations varying from 
3 to 12 with a mean of 4.7 measurements per patient (4.6 in users and 4.7 in non-users, p=0.89). The 
overall mean aneurysm growth rate during follow-up was 2.95±2.8 mm/year. Six patients had a nega-
tive value of annual aneurysm growth rate (three non-users and three users). All of these patients 
were included in the analysis. Exclusion of these patients did not result in significant alteration of the 
results.

Table 33.1 Clinical baseline characteristic at first screening visit.

Total Statin users Non-users p-value

N=150 N=59 N=91

Males – no. (%) 126 (88) 51 (91) 75 (86) 0.44

Age – yrs (SD) 69 (7.6) 69 (7.8) 69 (7.5) 0.94

AAA diameter – mm (SD) 38 (7.7) 40 (8.5) 37 (7.0) 0.02

Myocardial infarction – no. (%) 47 (31) 18 (30) 29 (32) 0.86

Angina pectoris – no. (%) 27 (18) 12 (20) 15 (17) 0.83

Congestive heart failure – no. (%) 11 (7) 6 (10) 5 (5) 0.36

CVA or TIA – no. (%) 19 (13) 8 (13) 11 (13) 1.0

Diabetes mellitus – no. (%) 19 (13) 9 (16) 10 (11) 0.32

Renal failure – no. (%) 7 (5) 5 (9) 2 (2) 0.11

Hypertension – no. (%) 64 (43) 28 (48) 36 (39) 0.30

COPD – no. (%) 41 (27) 17 (29) 24 (26) 0.85

Intermittent claudication – no. (%) 26 (17) 17 (29) 9 (10)* 0.01

Smoking – no. (%) 106 (71) 40 (68) 66 (72) 0.72

AAA= abdominal aortic aneurysm; CVA = cerebrovascular accident; TIA = transient ischemic attack; COPD = chronic 
obstructive pulmonary disease

Table 33.2 Medication use.

Total Statin users Non-users p-value

N=150 N=59 N=91

NSAID – no. (%) 60 (40) 27 (45) 33 (37) 0.38

Warfarin derivatives – no. (%) 23 (15) 14 (23) 9 (10)* 0.03

Beta-blockers – no. (%) 53 (35) 24 (41) 29 (32) 0.28

ACE inhibitors – no. (%) 38 (25) 12 (20) 26 (29) 0.24

Diuretics – no. (%) 35 (23) 18 (30) 17 (19) 0.11

Calcium antagonists – no. (%) 30 (21) 12 (21) 18 (21) 1.0

Nitrates – no. (%) 21 (14) 9 (16) 12 (13) 0.63

Angiotensin II antagonists – no. (%) 9 (6) 9 (16) 0* 0.01

Insulin or oral antidiabetic therapy – no. (%) 19 (13) 9 (16) 10 (11) 0.32

Pulmonary medication – no. (%) 21 (14) 6 (11) 15 (16) 0.38

NSAID = non-steroidal anti-inflammatory drugs; ACE = angiotensin converting enzyme
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In univariate analysis statin use was associated with a significant attenuation of aneurysm growth 
(p=0.001, FIGURE 33.1). Increasing age and intermittent claudication (p=0.02) also were associated 
with an attenuation of AAA growth rate. Other potential factors, such as diabetes mellitus, COPD, AAA 
diameter at first presentation or other medication use (in particular NSAID use), were not associated 
with a significant difference in aneurysm growth rate.

The results of multivariate linear regression analysis are shown in TABLE 33.3. In this analysis statin 
use, age, gender, and aneurysm size at first presentation were associated with a difference in AAA 
growth rate. Statin users had a significant 1.16 mm lower annual aneurysm growth rate compared 
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Figure 33.1	 Difference in mean annual aneurysm growth rate between statin users (2.0 mm/year) and non-users 
(3.6 mm/year).

Table 33.3 Adjusted (corrected for other factors in the table) estimated difference in mean annual AAA growth.

Adj. estimated difference
(mm/year)

95% Confidence Interval
Lower bound        Upper bound

p-value

Age (per year increase) -0.09 -0.14 -0.03 0.003

Female +1.82 3.15 0.49 0.008

AAA diameter at first screening
(per mm increase)

+0.06 0.01 0.11 0.049

Claudication intermittens -0.89 -1.89 0.11 0.082

Diabetes mellitus -0.01 -1.25 1.24 0.989

COPD +0.70 -0.24 1.64 0.145

Statin use -1.16 -1.99 -0.33 0.006

NSAID use -0.13 -0.97 0.70 0.754

AAA = abdominal aortic aneurysm; COPD = chronic obstructive pulmonary disease; NSAID = non steroidal anti-
inflammatory drug.
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to non-users (95% CI 0.33–1.99 mm/year). For each year increase of age at first presentation the 
mean aneurysm size growth rate was slowed by 0.09 mm (95% CI 0.03–0.14 mm/year). Females had 
a significantly higher growth rate than males (mean difference 1.82 mm/year, 95% CI 0.49–3.15 mm/
year).

Aneurysm diameter at first presentation also was independently associated with annual aneurysm 
growth (0.06 mm/year increase per mm difference in AAA size, 95% CI 0.01–0.11). We did not find a 
significant influence of NSAID use, the presence of COPD, diabetes mellitus, or intermittent claudica-
tion on aneurysm growth rate.

Discussion

This study showed an association between statin use and attenuation of infrarenal abdominal aortic 
aneurysm growth, irrespective of other known factors influencing aneurysm growth.

Statins frequently are prescribed to lower cholesterol levels as large prospective studies have shown 
an improved outcome in statin users, mainly by reduction of late cardiac events18-21. However, 
recently other effects independent of serum cholesterol levels, so-called pleiotropic or non-lipid 
lowering effects, have been described. These recently described pleiotropic effects of statins might 
be related to the observed attenuation of AAA growth.

The pathophysiology of aortic aneurysm development, growth and eventually rupture is still not fully 
understood. Inflammation responses aggravated by a genetic susceptibility are probably important 
determinants. Accumulation and activation of mononuclear inflammatory cells; increased expression 
of proinflammatory cytokines, chemokines and matrix-degrading proteinases; degradation of elastin 
and collagen; oxidative and hemodynamic stress; and depletion of smooth muscle cells seem all to 
play a pivotal role16. Some of these inflammatory responses such as interleukin-6 and matrix metal-
loproteinases (MMPs) could be assessed in animal aortic aneurysm models, by inducing collagen and 
elastin degradation of the aortic wall. The response of interleukin-6 release is also genetically deter-
mined as assessed by the increased levels of interleukin-6 in patients with the 174G/C genotype22. 
The combined effects of inflammatory response and genetic susceptibility in patients with other 
environmental risk factors as elderly age and smoking might be responsible for the development 
and growth of AAA.

Recently, Steinmetz et al.16 have shown in a mice model that statins suppress the development of 
experimental AAAs. The positive effect of statins was ascribed to its properties of preserving medial 
elastin, smooth muscle cells, and beneficially altering aortic wall expression of MMPs16. Also other 
experimental studies have confirmed these positive effects of statins on MMPs23-25. In a study by 
Wilson et al. of 63 infrarenal aortic biopsies obtained during AAA repair the levels of MMP-9 and 
MMP-3 were significantly lower in patients taking statins15. The reduced levels of MMP-9, achieved 
by inhibition of the activation of neutrophils and macrophages, in statin users was confirmed by 
Nagashima and co-workers26.

In our study age, gender, and aneurysm diameter at first presentation were associated with a differ-
ence in AAA growth rate. These results are in line with previously reported studies on the influence of 
these risk factors27. In some studies smoking and diabetes were found to have a significant impact on 
aneurysm growth rate27, however, we did not come across such an association which may be related 
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to the small number of patients with diabetes. Therefore, a type II error might have occurred. Since, 
this analysis is retrospective, for smoking habits we had no information on number of ‘pack years’ and 
current exposure, i.e. number of cigarettes per day.

In the past several medical intervention trials for the prevention of abdominal aneurysm expansion 
have been reported. The propanolol trial investigators did not find a growth benefit of propanolol use 
in a double-blind randomized study in 358 patients28. In a double-blind randomized trial Vammen et 
al. showed that macrolide antibiotic treatment for 4 weeks was associated with a significant lower 
expansion rate compared to placebo29. Mosorin et al. also found a significant lower expansion rate in 
patients taking doxicyclin for a period of 3 months compared to patients receiving placebo.30 These 
findings have been confirmed by Baxter et al. in a phase II trial in 63 patients31. Another therapeutic 
strategy for the prevention of aneurysm growth is to intervene in the inflammatory response present 
in aortic aneurysms. In animal models as well as in a very small case control study indometacin indeed 
seemed to prevent the development and growth of abdominal aortic aneurysms13,32. However, in the 
present study we could not confirm this observation.

A major limitation of this analysis is the use of ultrasonographic examinations for the measurement 
of aortic diameter. The inter- and intra-observer variability of this screening modality might influence 
the outcome of any study based on this type of measurement. However, as shown by Singh et al. 
experienced ultrasonographers and radiologists achieve a high degree of accuracy, which was con-
firmed in the present study with a low inter- and intra-observer variability33. As all non-randomized 
observational studies this study has some other limitations as well. Though we included several 
confounding factors in the multiple regression analysis some might have been missed. One of them 
could be the potentially better blood pressure control in statin users as significantly more statin users 
were on angiotensin-II-antagonist therapy. Unfortunately, we did not have accurate information on 
blood pressure control during the study period. Also several other questions could not be answered 
in this study due to its retrospective nature and should be addressed in future studies including the 
effect of statin therapy duration on AAA growth and the time between statin therapy initiation and 
reduction of AAA growth rate.

In conclusion, this study shows a clear association between statin use and a decreased expansion rate 
of infrarenal aortic aneurysms. This finding is in line with experimental studies in mice and rats, but 
needs to be confirmed by randomized clinical trials.
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Abstract

Objectives: To assess long-term outcome of patients at high cardiac risk undergoing endovascular 
or open AAA repair.

Methods: Patients undergoing open or endovascular infrarenal AAA repair with ≥ 3 cardiac risk fac-
tors and preoperative cardiac stress testing (DSE) at 2 university hospitals were studied. Main outcome 
was cardiac event free and overall survival during a median follow-up of 3.3 years. Multivariate Cox 
regression analysis was used to evaluate the influence of type of AAA repair on long-term outcome.

Results: In 124 patients (55 endovascular, 69 open) the number and type of cardiac risk factors, 
medication use and DSE results were similar in both groups. In multivariable analysis, adjusting for 
cardiac risk factors, stress test results, medication use, and propensity score endovascular repair was 
associated with improved cardiac event free survival (HR 0.54; 95% CI 0.30–0.98) but not with an 
overall survival benefit (HR 0.73; 95% CI 0.37–1.46). Importantly, statin therapy was associated with 
both improved overall survival (HR 0.42; 95% CI 0.21–0.83) and cardiac event free survival (HR 0.45; 
95% CI 0.23–0.86).

Conclusions: The perioperative cardiac benefit of endovascular AAA repair in high cardiac risk 
patients is sustained during long-term follow-up provided patients are on optimal medical therapy 
but it is not associated with improved overall long-term survival.
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Introduction

Patients undergoing abdominal aortic aneurysm repair are at significant risk for both perioperative 
and long-term cardiovascular events. In particular patients at high cardiac risk might benefit from 
endovascular AAA repair. However, no randomized trials comparing open and endovascular treat-
ment have been reported on patients at high cardiac risk. For example, less than half of the patients 
in the DREAM trial (44%) and EVAR-1 trial (43%) had a history of cardiac disease1,2. A major limitation 
of non-randomized comparative studies between open and endovascular surgical procedures con-
ducted so far is the lack of objective criteria for baseline cardiac condition3.

Preoperative cardiac stress testing such as dobutamine stress echocardiography (DSE) provides an 
objective assessment of the presence and extent of coronary artery disease4. In a previous study 
we used this modality to compare perioperative outcome after open or endovascular AAA repair 
and found that endovascular repair was superior in terms of cardiovascular outcome5. The long-term 
outcome of these high-risk patients however remained ill-defined.

Therefore we expanded the study population of the previous study and conducted long-term 
follow-up of these patients. The aim of the present study was to evaluate the long-term effect of 
endovascular AAA repair compared to open AAA repair in patients at clinical high cardiac risk on 
cardiac complications and mortality.

Methods

Patients
The study population was composed of patients with 3 or more cardiac risk factors who underwent 
elective abdominal aneurysm repair between January 2000 and January 2006 at two tertiary referral 
centers, Erasmus University Medical Center Rotterdam, the Netherlands and University Medical Cen-
ter Utrecht, the Netherlands and had a preoperative cardiac stress test. The choice for either repair 
method was at the discretion of the treating vascular surgeon and was mainly based on anatomical 
considerations. The study was approved by the Erasmus MC medical ethics committee.

Preoperative cardiac risk assessment
All patients were routinely screened for cardiac risk factors, including age over 70 years, history of or 
presence of angina pectoris, previous myocardial infarction, heart failure, stroke, renal failure (serum 
creatinine >170 μmol/l), and diabetes mellitus. The presence of hypertension and chronic obstruc-
tive pulmonary disease (COPD) was noted as well. A patient was classified as having COPD at the 
preoperative screening visit according to symptoms and pulmonary function test (i.e. FEV1 < 70% of 
maximal age and gender predictive value). According to the ACC/AHA guidelines all patients with 3 
or more cardiac risk factors underwent cardiac stress testing prior to surgery.

Perioperative medication use was noted including ACE-inhibitors, platelet aggregation inhibitors, 
beta-blockers, calcium antagonists, coumarin derivatives, diuretics, nitrates, and statins. Patients 
unable to take medication orally perioperatively were switched to intravenous formula. If no intrave-
nous formula was available, i.e. statins and ACE-inhibitors, oral medication was restarted as soon as 
possible after surgery.
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Cardiac stress testing
Resting echocardiography was used to estimate the left ventricular ejection fraction using the 
Simpson rule. Cardiac stress testing was performed by dobutamine echocardiography as previously 
described6. Myocardial stress induced ischemia was assessed using a semi-quantitative evaluation; a 
5-point score in a 17-segement model. Limited ischemia was defined by the presence of 1–4 ischemic 
segments, while extensive ischemia was defined by ≥ 5 ischemic segments.

Outcome
All patients were monitored for cardiac events after abdominal aortic aneurysm repair. Twelve-lead 
ECG and serum troponin-T levels were systematically determined on days 1, 3, and 7 postoperatively 
or at discharge. The primary outcome of the study was the incidence of all-cause mortality and the 
combination of myocardial infarction and all-cause death during long-term follow-up. Myocardial 
infarction was defined as the presence of 2 out of the following 3 criteria: (1) Characteristic ischemic 
symptoms lasting > 20 min, (2) electrocardiographic changes including acute ST elevation followed 
by appearance of Q waves or loss of R waves, or new left bundle branch block, or new persistent T 
wave inversion for at least 24 h, or new ST segment depression which persists >24 h, and (3) a positive 
troponin T, i.e. >0.10 ng/ml, or peak CK-MB >8% of an elevated total creatinine phosphokinase with 
characteristic rise and fall7. Survival status was confirmed by contacting the civil service registry.

Statistical analysis
Continuous data are presented as median values and corresponding 25th and 75th percentiles, 
whereas dichotomous data are presented as percentages. Differences in clinical characteristics 
between patients undergoing endovascular repair or open repair were evaluated by Wilcoxon’s 
nonparametric tests, Chi-square tests or Fisher’s exact tests, as appropriate. The incidence of events 
over time was further examined by the Kaplan–Meier method, whereas a log-rank test was applied 
to evaluate differences between the two treatment modalities. We developed a propensity score for 
the likelihood of undergoing either open or endovascular AAA repair and used applied multivariate 
logistic regression analysis to calculate the propensity score. The association of type of AAA repair, 
cardiovascular risk factors and medication use with long-term events was assessed via multivariate 
Cox regression analysis, including the propensity score, with stepwise backward removal. The limit of 
statistical significance was set at p = 0.05 (two-sided). All analysis was performed using the statistical 
software SPSS for Windows 12.0.1 (SPSS Inc., Chicago, Illinois, USA).

Results

Patient characteristics
A total of 124 patients with 3 or more clinical cardiac risk factors were included in this study. Of these, 
69 patients underwent open AAA repair and 55 patients underwent endovascular AAA repair. Clinical 
baseline characteristics of these patients are shown in TABLE 34.1. Almost all (92%) patients were 
male, their mean age was 74 ± 6 years, and the median AAA diameter was 60 mm (interquartile range 
55–70 mm). There were no statistically significant differences between patients undergoing open or 
endovascular AAA repair in terms of clinical characteristics or medication use. During non-invasive 
stress testing approximately half (47%) of all patients had stress inducible myocardial ischemia. A 
total of 46 (37%) patients had mild myocardial ischemia while another 12 (10%) patients had exten-
sive myocardial ischemia. There was no difference in, mild or extensive myocardial ischemia between 
the open and endovascular group (respectively 54% vs. 53%, 35% vs. 40% and 12% vs. 7%).
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Perioperative outcome
Overall 30-day mortality was 4.3% for the open group and 0% for the endovascular group. An addi-
tional 3 (4.3%) patients in the open group died during hospitalization but after 30 days of the index 
procedure. The combined 30-day endpoint of non-fatal myocardial infarction and all-cause death 
was 12 (17%) in the open and 2 (4%) in the endovascular group (p = 0.02). The length of hospital stay 
was significantly shorter in patients with endovascular AAA repair (median 3 vs. 11 days, p < 0.001).

Long-term outcome

Type of repair
During a median follow-up of 3.3 years (interquartile range 1.8–5.6 years) a total of 39 (31%) patients 
died and a total of 55 (45%) patients reached the combined endpoint of all-cause death and MI. As 
is shown in FIGURE 34.1A, during long-term follow-up there was no significant difference in overall 
survival between endovascular and open AAA repair (p = 0.38). Also in multivariate analysis patients 
treated with endovascular had no significant better survival rate (HR 0.73, 95% CI 0.37–1.46, TABLE 
34.2). However, patients who underwent endovascular AAA repair did have a statistically significant 
better cardiac event free survival as compared to patients treated with open repair (FIGURE 34.1B) 

Table 34.1
Baseline clinical characteristics of patients undergoing open and endovascular abdominal aneurysm 
repair.

All patients
(N =124)

Open
(N = 69)

Endovascular
(N = 55)

p-value

Men 114 (92%) 64 (93%) 50 (91%) 0.75

Age (mean, SD) 74 ± 6 74 ± 6 74 ± 7 0.66

Heart rate prior to surgery 65 ± 12 66 ± 13 64 ± 9 0.23

Risk factors

  Previous angina pectoris 77 (62%) 41 (59%) 36 (64%) 0.71

  Previous myocardial infarction 107 (86%) 60 (87%) 47 (84%) 0.80

  Previous heart failure 25 (20%) 12 (17%) 13 (23%) 0.50

  Previous CABG or PTCA 60 (48%) 33 (48%) 27 (48%) 0.99

  CVA or TIA 46 (37%) 29 (42%) 17 (30%) 0.20

  Diabetes Mellitus 18 (14%) 10 (15%) 8 (14%) 0.95

  Renal failure 28 (22%) 14 (20%) 14 (25%) 0.67

  Systemic hypertension 52 (42%) 32 (46%) 20 (36%) 0.28

  COPD 48 (38%) 28 (41%) 20 (36%) 0.57

Stress echocardiography

  No ischemia 66 (53%) 37 (54%) 29 (53%) 0.66

  Limited ischemia 46 (37%) 24 (35%) 22 (40%)

  Extensive ischemia 12 (10%) 8 (12%) 4 (7%)

Medication at screening

  Platelet aggregation inhibitors 90 (72%) 50 (73%) 40 (71%) 0.84

  ACE-inhibitors 51 (41%) 32 (47%) 19 (34%) 0.15

  Diuretics 42 (34%) 25 (59%) 17 (41%) 0.57

  Nitrates 35 (28%) 19 (27%) 16 (29%) 0.95

  Beta-blockers 108 (86%) 60 (87%) 48 (86%) 0.88

  Statins 78 (63%) 41 (59%) 37 (67%) 0.46

  Calcium-antagonists 42 (34%) 24 (35%) 18 (32%) 0.85

CABG = coronary artery bypass graft; percutaneous transluminal coronary intervention; CVA = cerebrovascular accident; 
TIA = transient ischemic attack; COPD = chronic obstructive pulmonary disease; ACE = angiotensin converting enzyme
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(HR 0.54, 95% CI 0.30–0.98, TABLE 34.3). It should be noted however that this benefit was mainly 
driven by the 30-day events. If the first 30 days after surgery were not taken into account there would 
have been a similar cardiac event free survival among patients treated by endovascular or open repair 
(HR 0.89, 95% CI 0.44–1.77, p = 0.73).

Medical therapy
While type of AAA repair did not have a significant impact on overall long-term survival aggressive 
medical therapy did seem to be associated with improved overall survival. Patients on statin therapy 
had a significant survival benefit over patients not on statin therapy; 5-year overall survival 77% 
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Figure 34.1a	Overall survival of patients undergoing 
endovascular or open AAA repair.

Figure 34.1b	 Cardiac event free survival of patients 
undergoing endovascular or open AAA repair.

Table 34.2
Significant predictors of long-term overall survival status when clinical characteristics, propensity score 
for type of surgery, medication use and  year of surgery were entered as independent variables into a Cox 
regression model with stepwise backward removal.

HR 95% CI P-value

Endovascular treatment 0.73 0.37 – 1.46 0.37

Age (per year increase) 1.10 1.03 – 1.17 0.003

Stress inducible myocardial ischemia 1.95 1.03 – 3.89 0.04

Statin use 0.42 0.21 – 0.83 0.01

Heart rate < 70 bpm 0.26 0.13 – 0.54 <0.001

Platelet aggregation inhibitor 0.47 0.23 – 0.97 0.04

Table 34.3
Significant predictors of long-term cardiac event free survival status when clinical characteristics, propensity 
score for type of surgery, medication use and  year of surgery were entered as independent variables into a 
Cox regression model with stepwise backward removal.

HR 95% CI P-value

Endovascular treatment 0.54 0.30 – 0.98 0.04

Age (per year increase) 1.05 1.01 – 1.10 0.03

Stress inducible myocardial ischemia 2.60 1.45 – 4.67 0.001

Statin use 0.45 0.23 – 0.86 0.02

Heart rate < 70 bpm 0.53 0.29 – 0.97 0.04
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vs. 53% respectively (HR 0.42, 95% CI 0.21–0.83, TABLE 34.2). Also cardiac survival event free was 
significantly better in patients on statin therapy (HR 0.45, 95% CI 0.23–0.86, TABLE 34.3). As is shown 
in FIGUREs 34.2A and 34.2B the perioperative benefit of endovascular repair was only sustained in 
patients on statin therapy in contrast to patients not on statin therapy (FIGURE 34.3). The prescription 
rate of statins gradually increased over the studied years, from 38% in 2001/2002 to 67% in 2003/2004 
and 88% in 2005/2006 (p < 0.001). The vast majority of patients were on beta-blocker therapy. 
Importantly the mean heart rate prior to surgery was 65 beats per minute, indicating adequate beta-
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Figure 34.2a	Overall survival of patients undergoing endovascular or open AAA repair, divided into statin users or 
non-users.
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Figure 34.2b	 Cardiac event free survival of patients undergoing endovascular or open AAA repair, divided into statin 
users or non-users.
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blocker dosing in most patients. However, 35 (28%) patients had inadequate heart rate control with 
a rate of >70 beats per minute. Patients on adequate beta-blocker therapy had a significantly better 
overall survival (HR 0.26, 95% CI 0.13–0.54, TABLE 34.2) and cardiac event free survival (HR 0.53, 95% 
CI 0.29-0.97, TABLE 34.3). Importantly, there was no significant interaction between statin use and 
adequate beta-blocker dosing. Furthermore, as shown in TABLE 34.2 patients who were on platelet 
aggregation inhibitors had a better overall survival than did patients who were not on antiplatelet 
therapy (HR 0.47; 95% CI 0.23–0.97, p = 0.04).

Discussion

This study showed that, despite a reduced incidence of adverse perioperative events, endovascu-
lar repair of elective infrarenal AAA in cardiac high-risk patients has a similar long-term survival, 
compared to patients undergoing open AAA repair. However, the perioperative cardiac benefit is 
sustained during a median follow-up of 3.3 years in this high-risk population provided patients are on 
optimal medical therapy. Furthermore, aggressive medical treatment seems to have more impact on 
overall and cardiac event free survival than does the choice of AAA treatment modality.

Patients undergoing major non-cardiac surgery are at significant risk of cardiovascular morbidity 
and mortality. The prognosis after vascular surgery is predominantly determined by the presence 
and extent of underlying coronary artery disease8. In the landmark study performed over 20 years 
ago Hertzer et al. found that only 8% of a group of 1000 patients undergoing non-cardiac vascular 
surgery had normal coronary angiography results9. This high prevalence of underlying cardiac 
disease has later also been confirmed by functional tests such as dobutamine stress echocardiog-
raphy10. Considering this high prevalence of coronary artery disease in vascular surgery patients it 
is hardly surprising that cardiac death after AAA repair accounts for approximately 40% and 65% of 
all 30-day and long-term mortality, respectively11. It might be argued that optimal medical therapy 
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Figure 34.3	 Overall survival of patients undergoing endovascular or open AAA repair, divided into patients not on 
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is warranted to sustain the initial cardiovascular survival benefit in patients who underwent endo-
vascular AAA repair.

In previous studies perioperative and long-term statin therapy have been associated with improved 
outcome in patients undergoing AAA repair. Several recent retrospective studies have shown a ben-
eficial effect of statins on perioperative cardiac outcome with adjusted hazard ratio’s ranging from 
0.20 to 0.6212. Importantly, Kertai et al. also found the effect of statins to be independent of β-blocker 
use13. So far only one placebo-controlled, randomized trial has investigated the influence of statin 
use on perioperative cardiovascular complications. In a group of 100 patients treatment with 20 mg 
of atorvastatin was associated with a significant 3.1-fold (p = 0.022) reduction in cardiovascular com-
plications within 6 months after vascular surgery14. Kertai et al. described the influence of statin use 
on long-term outcome after open AAA repair in 570 patients with a median follow-up of 4.7 years15. 
It was shown that, in this group of unselected AAA patients, statin use was associated with a 2.5-fold 
reduction in the risk of all-cause mortality (HR 0.4; 95% CI 0.3–0.5) and a 3-fold reduction in the risk of 
cardiovascular mortality (HR 0.3; 95% CI 0.2–0.6). Interestingly, the present study included only high 
cardiac risk patients but the reduction in the risk for mortality and cardiovascular complications was 
similar to the reported figures of Kertai et al.

Importantly statin use is advocated in the recent TASC II document16. Patients with symptomatic or 
asymptomatic peripheral arterial disease should have their LDL lowered to less than 2.59 mmol/l. 
Patients with multiple vascular beds affected should be treated even more aggressively with a target 
LDL <1.81 mmol/l. It should be noted that the cardioprotective effect of statins might not only be 
by reducing LDL levels but statins might also exert their protective effects by so-called pleiotropic 
effects.

Another medical intervention that has been proven successful in high-risk patients undergoing 
major vascular surgery is beta-blocker therapy. In the DECREASE I trial patients with preoperative 
stress inducible myocardial ischemia had a mere 10-fold reduction in perioperative cardiac events 
compared to patients who received placebo treatment17. Additionally, during a median follow-up 
of 22 months only 12% of patients on beta-blocker therapy experienced a cardiac event vs. 32% of 
the patients who were not on beta-blocker therapy (p = 0.025)18. This treatment effect was later con-
firmed in the DECREASE I registry patients in which 1299 survivors of vascular surgery were followed 
for a median duration of 23 months19. In multivariable analysis the 360 patients on beta-blockers had 
a significant risk reduction for cardiac events (HR 0.3; 95% CI 0.2–0.6; p < 0.001). However, recently 
some trials were published that questioned the potential benefit of beta-blockers in vascular surgery 
patients. In particular the POISE trial might have a negative impact on the willingness to prescribe 
beta-blockers to patients undergoing major vascular surgery. In the POISE trial the investigators 
found an increased risk for all-cause death in patients using beta-blockers, in particular driven by an 
excess in perioperative strokes20. There are several explanations for the findings in POISE related to 
dosing, duration of therapy, beta-blocker withdrawal and adequate titration21. When keeping this in 
mind, beta-blocker therapy still is safe and effective, in particular in patients at high cardiac risk as in 
the current study.

It should be noted that the patients in the current study were considered to be at high cardiac risk 
which does not imply that they were considered to be unfit for surgery in general. The term cardiac 
high-risk in this study is based on our observations in the DECREASE I and II trials22. Patients with 3 
or more risk factors as in the present study had a 4-fold and 28-fold increased risk for perioperative 
cardiac events as compared to patients at intermediate or low risk respectively. In terms of overall 
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survival, patients in the current study had a worse outcome compared to patients in EVAR-1 and 
DREAM but a much better outcome compared to patients in EVAR-21,23,24. Furthermore, the current 
study is not a randomized trial and as such has obvious limitations related to the nature of the study. 
However, keeping these limitations in mind, and using multivariable regression analysis with propen-
sity scoring, the results of this study are in line with previous published studies. It reemphasizes the 
need for optimal medical therapy in high-risk patients scheduled for AAA repair irrespective of the 
choice of treatment modality. Physicians should not be pacified by the thought that endovascular 
treatment is a less invasive treatment, therefore being less stressful for the heart and hence requiring 
less aggressive medical therapy. On the contrary, in the end patients undergoing endovascular AAA 
repair could even benefit more from aggressive medical therapy as the initial benefit of endovascular 
repair might be sustained in these patients.
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Abstract

Background: Prophylactic coronary revascularization in vascular surgery patients with extensive 
coronary artery disease is not associated with an improved immediate postoperative outcome. 
However, the potential long-term benefit remains unknown. We performed a study to assess the 
long-term benefit of prophylactic coronary revascularization in these patients.

Methods: Of 1880 patients scheduled for major vascular surgery, 430 had ≥3 risk factors (> 70 yrs, 
angina pectoris, myocardial infarction, heart failure, stroke, diabetes mellitus, and renal failure). All 
underwent cardiac testing using dobutamine echocardiography or nuclear stress imaging. Those 
with extensive stress-induced ischemia (≥ 5 segments or ≥ 3 walls) were randomly assigned for 
additional revascularization.

Results: In total 101 patients showed extensive ischemia and were assigned to revascularization 
(N=49) or no-revascularization (n=52). After 2.8 years overall survival was 64% for patients random-
ized to no preoperative coronary revascularization versus 61% for patients assigned to preoperative 
coronary revascularization (HR 1.18, 95%CI 0.63-2.19, p=0.61). The survival free of all-cause death, 
nonfatal myocardial infarction, and coronary revascularization was similar in both groups: 49% and 
42% respectively for patients allocated to medical treatment or coronary revascularization (HR 1.51, 
95% CI 0.89-2.57, p=0.13). Only 2 patients assigned to medical treatment required coronary revascu-
larization during follow-up. Also in patients who survived the first 30 days after surgery there was no 
apparent benefit of revascularization on cardiac events (HR 1.35, 95% CI 0.72-2.52, p=0.36).

Conclusions: Preoperative coronary revascularization in high-risk patients undergoing major vas-
cular surgery is not associated with an improved postoperative or long-term outcome compared to 
best medical treatment.
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Introduction

According to the guidelines of the American College of Cardiology /American Heart Association (ACC/
AHA), it is recommended to perform coronary angiography in patients with high-risk noninvasive test 
results. Subsequently, myocardial revascularization should be performed in patients with prognostic 
high-risk anatomy in whom long-term outcome is likely to be improved1. However in both the CARP 
trial and DECREASE V trial prophylactic preoperative coronary revascularization was not associated 
with improved immediate postoperative outcome2,3. As has been shown recently, early surgery after 
coronary stent placement might actually lead to an increase in adverse cardiac events due to in-stent 
thrombosis or bleeding complications4. This might explain the lack of perioperative benefit. However 
it was expected that at least long term outcome, i.e. after the potentially hazardous perioperative 
period, should be improved in these patients. Therefore, we analyzed the long-term outcome of the 
randomized DECREASE V trial to assess whether there is a long-term benefit of prophylactic coronary 
revascularization in high-risk patients undergoing major vascular surgery.

Methods

The study design and the perioperative results of the original DECREASE V trial have been published 
previously2. In brief, patients were considered eligible for the study if they were scheduled for an 
elective open abdominal aortic or infrainguinal arterial reconstruction. Patients were screened for 
the prevalence of cardiac risk factors including age over 70 years, angina pectoris, prior myocardial 
infarction, compensated congestive heart failure 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. All patients with at least 3 risk factors underwent cardiac stress testing prior to 
surgery. Those who experienced extensive stress-induced ischemia were enrolled in the DECREASE 
V trial. All patients provided informed consent, and the Erasmus MC medical ethics committee and 
local research ethics committees approved the study. Out of 1880 screened patients 101 (5.3%) 
were considered eligible, had ≥ 3 risk factors, extensive stress induced myocardial ischemia and 
were subsequently randomized. A total of 49 patients were allocated to best medical treatment and 
preoperative coronary revascularization and 52 patients to best medical treatment only.

Cardiac stress testing was performed by dobutamine echocardiography or dobutamine or dipyri-
damole perfusion scintigraphy, as previously described5,6. Test results were scored by the extent of 
stress-induced ischemia using a 17-segment model in dobutamine echocardiography and a 6-wall 
model in stress perfusion scintigraphy. Limited ischemia was defined by the presence of 1-4 ischemic 
segments or 1-2 ischemic walls, while extensive ischemia was defined by ≥ 5 ischemic segments or 
≥ 3 ischemic walls.

All patients were monitored for cardiac events after screening. Twelve-lead ECG and serum troponin-T 
level were systematically assessed one, three, seven, and 30 days after surgery. Outpatient 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-months intervals for cardiac events by clinical history and 12-lead ECG 
and additional tests were performed whenever indicated by the treating physicians. For this report 
the outcomes were long-term all-cause death and a combined end-point of all-cause death, nonfatal 
myocardial infarction, and coronary revascularization during follow-up.
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Myocardial infarction (MI) was defined as the presence of 2 out of the following 3 criteria: (1) Charac-
teristic ischemic symptoms lasting > 20 minutes, (2) electrocardiographic changes including acute ST 
elevation followed by appearance of Q waves or loss of R waves, or new left bundle branch block, or 
new persistent T wave inversion for at least 24 hours, or new ST segment depression which persists 
> 24 hours, and (3) a positive troponin T, i.e. >0.10 ng/ml, or peak creatinine kinase-MB >8% of an 
elevated total creatinine phosphokinase with characteristic rise and fall.

Continuous data are presented as median values and corresponding 25th and 75th percentiles, 
whereas dichotomous data are presented as percentages. Differences in clinical and surgical char-
acteristics between patients allocated to revascularization or no-revascularization were evaluated by 
Wilcoxon’s nonparametric tests, Chi-square tests or Fisher’s exact tests, as appropriate. The incidence 
of outcome events over time was examined by the Kaplan-Meier method. Multivariate (Cox) regres-
sion was used to compare differences in overall survival and cardiac event free survival between 
the allocated treatment strategies, adjusted for baseline clinical risk factors. Patients who had an 
event prior to surgery but after screening were included in the analyses as the day of screening was 
considered to be baseline. Analyses were performed according to the intention to treat principle. All 
statistical tests were 2-sided and a p-value <0.05 was considered significant.

Results

Baseline variables in patients who underwent preoperative coronary revascularization (n=49) or best 
medical treatment only (n=52) are shown in TABLE 35.1. In patients allocated for coronary revascular-
ization, 32 underwent a percutaneous coronary intervention, bare metal stent in 2 and drug eluting 
stents in 30. Patients continued with dual-antiplatelet therapy during surgery. After surgery, patients 
with bare metal stents stopped dual-antiplatelet therapy after 3 months and continued with aspirin 
afterwards. Patients with drug eluting stent continued dual-antiplatelet therapy during follow-up. A 
bypass procedure was performed in 17 patients. The impact of drug eluting stents versus bare metal 
stents could not be assessed due the number of patients included in the study.

The 30-day outcome of the study population has been described in detail previously2. Two patients 
died prior to vascular surgery because of a ruptured aneurysm after successful bypass surgery and 
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Figure 35.1	 Overall survival in 101 randomly assigned 
patients.

Figure 35.2	 Cardiac event-free survival in 101 randomly 
assigned patients.
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one patient suffered from a myocardial infarction after an unsuccessful coronary revascularization. 
Revascularization did not improve 30-day outcome after vascular surgery. The incidence of all-cause 
death or nonfatal MI for patients with preoperative revascularization or medical treatment only was 
43 vs. 33% respectively (HR 1.4, 95% CI 0.7- 2.8 p = 0.30).

During a median follow-up of 2.8 years (interquartile range 0.9–4.2 years) 42/101 patients died. After 
2.8 years overall survival was 64% for patients randomized to no preoperative coronary revasculariza-
tion versus 61% for patients assigned to preoperative coronary revascularization (HR 1.18, 95%CI 
0.63-2.19, p=0.61; FIGURE 35.1). As is shown in FIGURE 35.2 the incidence of all-cause death, nonfatal 
myocardial infarction, and coronary revascularization was similar in both groups: event free survival 
after 2.8 years was 49% and 42% respectively for patients allocated to medical treatment or coro-
nary revascularization (HR 1.51, 95% CI 0.89-2.57, p=0.14). In the no-revascularization group 2 (4%) 
patients underwent coronary revascularization during follow-up; one patient underwent coronary 
artery bypass surgery 12 months after vascular surgery because of unstable angina pectoris and 
one patient underwent PCI using drug eluting stents 27 months after vascular surgery because of 
progressive angina pectoris complaints.

It might be argued that preoperative coronary revascularization, in particular stent placement, might 
lead to an increased 30-day risk for in-stent thrombosis or bleeding after discontinuation or continu-
ation of antiplatelet therapy4. Therefore we performed a separate analysis including only patients 

Table 35.1 Baseline characteristics.

Revascularization

Yes No p-value

N=49 N=52

Age (years) 71 (64, 74) 70 (63, 75)

Men – no. (%) 42 (86%) 47 (90%) 0.55

Diabetes mellitus – no. (%) 18 (37%) 15 (29%) 0.53

Current angina pectoris – no. (%) 25 (51%) 22 (42%) 0.43

Prior myocardial infarction – no. (%) 49 (100%) 50 (96%) 0.50

Prior heart failure – no. (%) 23 (47%) 24 (46%) 1.0

Prior CVA – no. (%) 20 (41%) 13 (25%) 0.14

Prior renal failure – no. (%) 9 (18%) 11 (21%) 0.81

Medications

  Aspirin – no. (%) 37 (76%) 30 (58%) 0.09

  Beta-blocker – no. (%) 34 (70%) 36 (69%) 1.0

  ACE-inhibitor – no. (%) 28 (57%) 22 (42%) 0.17

  Statin – no. (%) 34 (69%) 30 (58%) 0.30

Coronary artery narrowed > 50%

  Right coronary – no. (%) 39 (80%) -

  Left artery descending – no. (%) 46 (94%) -

  Left circumflex – no. (%) 37 (76%) -

Number of narrowed arteries – no. (%)

  1 0 -

  2 12 (24%) -

  3 33 (67%) -

Left main – no. (%) 4 (8%) -

CVA = cerebrovascular accident; ACE = angiotensin converting enzyme
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who survived at least 30 days after surgery (n=36 and n=46 respectively for revascularization and 
medical treatment only). As is shown in FIGURES 35.3 and 35.4 also in these survivors no apparent 
benefit of revascularization was observed. Of the revascularized patients 47% had an event within 
a median of 2.8 years of follow-up versus 44% in those who did not undergo preoperative coronary 
revascularization (HR 1.35, 95% CI 0.72–2.52, p=0.36). Also all-cause mortality did not differ between 
both groups (HR 0.79, 95% CI 0.35–1.78, p=0.57).

There was no difference in long-term event free survival between patients who underwent preopera-
tive PCI or CABG (HR 0.91, 95% CI 0.44-1.88, p=0.80). After a median of 2.8 years event free survival was 
41% vs. 44% respectively for PCI and CABG. In addition for the endpoint all-cause death no significant 
difference was observed (HR 0.81, 95% CI 0.33-1.96, p=0.64). However, patients with an incomplete 
revascularization procedure had the worst outcome; 6/7 (86%) patients died within 2 years after the 
attempted revascularization compared to 13/42 (31%) with complete revascularization (HR 4.07, 95% 
CI 1.53–10.82, p=0.005, FIGURE 35.5).
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Figure 35.3	 Overall survival of patients who survived 
the first 30 days after surgery.

Figure 35.4	 Cardiac event-free survival of patients who 
survived the first 30 days after surgery.
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Figure 35.5	 Cardiac event-free survival after successful or not successful preoperative revascularization.
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Discussion

The DECREASE-V study did not show a long-term benefit of prophylactic preoperative coronary 
revascularization in stable patients with multiple cardiac risk factors and extensive stress induced 
myocardial ischemia scheduled for major vascular surgery.

The current findings are in line with results of large randomized trials in the non-surgical population. 
Patients with stable multivessel coronary artery disease do not have a better survival after coronary 
stenting or bypass grafting as compared to medical treatment only. The recently published MASS II 
was the first randomized controlled clinical trial to report on 5-year outcomes of non-surgical patients 
with stable multivessel coronary artery disease treated with either bare metal stenting, CABG, or best 
medical treatment only7. It was shown in this study that optimal medical therapy in patients with 
stable multivessel coronary artery disease results in similar long-term outcome in terms of cardiac 
related death or all-cause mortality. The authors concluded, “patients with mild to moderate angina 
can be safely managed medically, whereas PCI or CABG is appropriate if symptoms are not adequately 
controlled by medication or if other high-risk features are apparent.” The COURAGE trial also found 
no additional benefit of coronary revascularization additionally to optimal medical therapy in 2287 
patients with objective evidence of myocardial ischemia and significant coronary artery disease8. 
During a median follow-up of 4.6 years cumulative event rate of all-cause death and myocardial 
infarction were 19.0% in the PCI group and 18.5% in the medical-therapy group. As discussed by 
the COURAGE trialists, these findings may be explained by differences in atherosclerotic plaque 
morphology and vascular remodeling associated with acute coronary syndromes, as compared with 
stable coronary artery disease. Medical treatment in both MASS II and COURAGE included rigorous 
statin and aspirin therapy. This might have prevented vulnerable plaques, which are usually difficult 
to detect and impossible to treat with coronary angioplasty or bypass, to rupture and cause acute 
coronary syndromes. It is important to realize that vulnerable coronary lesions are not necessarily 
severely stenotic, and severely stenotic lesions are not necessarily unstable. Focal management of 
severely stenotic coronary lesions with PCI in both MASS II and COURAGE did not reduce the rate of 
death and myocardial infarction, presumably because the treated, severely stenotic lesions were not 
likely to trigger an acute coronary event8.

Remarkably, in MASS II and COURAGE annual mortality rates were approximately 1-2% whereas in 
CARP and DECREASE V the annual mortality rates in patients who survived surgery were 6.8% and 
8.2% respectively. Baseline angiographic cardiac status in MASS II and COURAGE was not significantly 
better or worse than CARP and DECREASE V: 3-vessel disease was present in 58% and 31% versus 33% 
and 75% respectively. In line with these findings, it has been recently shown that patients with so-
called “polyvascular” disease, i.e. multiple vascular beds affected, have a significant worse outcome 
compared to patients with coronary artery disease only9. In REACH event rates (cardiovascular death, 
MI, stroke, or hospitalization for a cardiovascular event) increased with the number of symptomatic 
vascular beds: 5.3% of patients with risk factors only to 12.6% with 1, 21.1% with 2, and 26.3% with 3 
disease locations9. As all patients in DECREASE V and CARP had proven coronary artery disease and 
were planned for non-cardiac vascular surgery, these patients can be considered to have polyvascu-
lar disease. This indicates that patients scheduled for vascular surgery with extensive coronary artery 
disease should be considered to be a different population than patients without peripheral arterial 
disease but with coronary artery disease only. However, also in this patient population with stable 
severe coronary artery disease optimal medical therapy seems to be equal to coronary revasculariza-
tion in addition to best medical treatment.
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The findings of both CARP and DECREASE V support the current guidelines of the ACC/AHA on peri-
operative management in high-risk patients to reserve revascularization only for cardiac unstable 
patients. Considering the high long-term mortality and cardiac event rates, these patients should 
be regularly screened for the presence of ischemic complaints and aggressive anti-ischemic medical 
therapy must be installed.
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Summary and conclusions

Cardiac complications are a major cause of perioperative morbidity and mortality in patients undergo-
ing non-cardiac surgery. It is estimated that the incidence of such complications is between 0.5% and 
1.0%. Worldwide, about 100 million adults undergo some form of non-cardiac surgery each year, and 
so between 500,000 and 1,000,000 people will suffer from perioperative cardiac complications; one of 
four of them will die from this cause. In particular patients undergoing vascular surgery are prone to 
develop perioperative cardiovascular complications as they have a high generalized atherosclerotic 
burden. In order to prevent the devastating effects of perioperative cardiovascular complications, it 
is of critical importance to identify those at increased risk and treat them accordingly. In this thesis 
preoperative cardiovascular risk stratification and strategies to reduce perioperative cardiovascular 
risk are evaluated. Furthermore, as discussed in this thesis, preoperative risk evaluation should also 
be considered as an excellent opportunity to take measures to reduce the risk for long-term adverse 
cardiovascular events.   

Part I. Preoperative cardiovascular risk assessment
In part one of this thesis current and new cardiovascular risk stratification strategies are evaluated. 

Chapter 1 provides an overview of the magnitude of the problem of perioperative cardiac com-
plications in patients undergoing vascular surgery. It should be appreciated that nearly all vascular 
surgery patients (i.e. 92%) have some form of coronary artery disease. Therefore, rigorous periop-
erative screening for cardiac complications is warranted. This is of special concern as an estimated 
75% of patients who have objective evidence of MI are not diagnosed as such because symptoms 
are masked by residual anesthetic effects, administration of analgesic agents, competing somatic 
stimuli such as incisional pain, and other factors. If patients are screened adequately, the true inci-
dence of perioperative cardiac complications in this patient population appears to be as high as 
20%. This high incidence of perioperative cardiac events highlights the importance of preoperative 
cardiac screening. This chapter also provides an overview of current screening methods, including 
clinical cardiac risk factor indices, laboratory measurements, cardiac (stress) imaging modalities, and 
invasive coronary testing. Subsequently, risk reduction strategies are discussed including medical 
therapy and prophylactic coronary revascularization. Possible protective medical therapy includes 
perioperative statin use and adequately dosed perioperative beta-blocker therapy. In contrast, 
prophylactic coronary revascularization in high risk patients does not seem to be associated with a 
reduced perioperative cardiac event rate. This chapter also highlights the importance of long-term 
cardiac risk reduction in this patient population as patients undergoing vascular surgery are at high 
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risk for long-term cardiac events, even those without perioperative cardiac complications. In fact, 
patients who undergo vascular surgery have a worse prognosis than patients who experienced an 
acute coronary event. This difference is partially caused by a marked undertreatment of patients 
undergoing vascular surgery compared to patients with established, symptomatic coronary artery 
disease. Optimal medical treatment of these patients is of critical importance and recent guidelines 
such as the ACC/AHA guidelines and the TASC2 guidelines should be adhered to, so that the patient 
lives long enough to enjoy the benefits of vascular surgery.  

Chapter 2 provides an overview of cardiac complications in the general non-cardiac surgery popula-
tion. Although the pathophysiology of perioperative myocardial infarction is not entirely clear, plaque 
rupture, leading to thrombus formation and subsequent vessel occlusion, is implicated in a similar 
manner to that causing myocardial infarctions in the non-operative setting. The incidence of plaque 
rupture may be increased by the stress response to major surgery. This response includes sympathetic 
activation promoting sheer stress on arterial plaques, enhanced vascular reactivity conducive to the 
development of vasospasm, reduced fibrinolytic activity, platelet activation and hypercoagulability. 
Heightened sympathetic tone also increases myocardial oxygen requirements (for example through 
tachycardia and increased contractility), leading to a mismatch between oxygen supply and demand 
that, when sustained, can lead to infarction. Therefore, to improve postoperative cardiac outcome 
after non-cardiac surgery a dual approach is required. First, one must focus on correcting the mis-
match of myocardial oxygen supply and demand. Second, one must stabilize the coronary artery 
atheromatous plaque. At present, these needs seem to be best met with a combined medical therapy 
of cardioselective beta-blockers, statins and, if possible, aspirin.

Chapters 3 and 4 describe current evidence on preoperative cardiac risk evaluation strategies. In 
chapter 4 a simple normogram of nine steps is presented to optimize patients scheduled for non-
cardiac general surgery. The combination of clinical cardiac risk factors, type of surgery and ECG 
results allows to make an initial crude assessment of a patient’s perioperative cardiac risk. This risk 
estimation can be used to identify those patients at increased risk who should undergo further 
cardiac testing. If a patient is at increased risk, further cardiac (stress) testing might be warranted and 
appropriate medical therapy should be initiated.

Based on over 100,000 non-cardiac surgical procedures, chapter 5 describes a refinement of the 
widely used Revised Cardiac Risk Index. When more detailed information, including age, the type of 
surgery (defined as low, low-intermediate, intermediate-high, and high), whether it was laparoscopic 
or open, and whether it was emergent, was added to the Revised Cardiac Risk index, the predictive 
value increased significantly. This refinement of the Revised Cardiac Risk Index might be most appli-
cable to situations in which administrative data are to be used to assess outcomes and to compare 
outcomes in different hospitals or regions. 

The Revised Cardiac Risk Index is also widely used for risk stratification of patients scheduled for 
vascular surgery. However, age is not taken into account in this index. As shown in chapter 6, the 
value of the Revised Cardiac Risk Index varies significantly among different age categories in vascular 
surgery patients. In chapter 6 it is shown that including age, risk of surgery and hypertension as 
factors in the Revised Cardiac Risk Index improves the predictive value considerably. It clearly strati-
fies vascular surgery patients into low, intermediate and high risk. In addition, this model provides 
long-term prognostic value.
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In surgical patients at increased cardiac risk based on clinical risk factors, further cardiac stress test-
ing might be warranted. Chapter 7 describes different cardiac stress testing modalities and their 
possible use for preoperative cardiac risk stratification. While there is no direct comparison, several 
meta-analyses compared different techniques with respect to sensitivity and specificity. A positive 
trend in favor of dobutamine stress echocardiography was found. Nevertheless, because the tests 
have comparable accuracy, there is no definite answer to the question of which test to choose. The 
choice of test should be based on the center’s experience and short-term availability. 

Another important question is which patients should undergo additional cardiac stress testing. In 
other words, in which patients do stress test outcomes change perioperative management. In chap-
ter 8 the value of preoperative cardiac testing in intermediate-risk vascular surgery patients receiving 
beta-blocker therapy was assessed. In 770 randomized intermediate risk patients, those assigned to 
no cardiac stress testing had a similar incidence of cardiac death or myocardial infarction at 30-days 
after surgery as those assigned to testing. The strategy of no testing brought surgery almost 3 weeks 
forward. Therefore, cardiac testing can safely be omitted in intermediate-risk patients, provided that 
beta-blockers aiming at tight heart rate control are prescribed.

In chapter 9 the impact of abdominal aortic aneurysm size on perioperative cardiac events is studied. 
Abdominal aortic aneurysm size and growth has been found to be associated with local generation 
of inflammation markers. As inflammation also plays a pivotal role in perioperative adverse cardiac 
events, it was hypothesized that patients with a large abdominal aortic aneurysm are at increased 
risk for cardiac events. As shown, indeed abdominal aortic aneurysm size is independently associated 
with perioperative nonfatal myocardial infarction and cardiovascular death in 500 patients undergo-
ing open abdominal aortic aneurysm repair. Patients with a larger aneurysm have a higher risk of 
perioperative cardiac complications. 

N-terminal pro-B-type natriuretic peptide (NT-proBNP) is secreted by the heart in response to ven-
tricular wall stress and has prognostic value in patients with heart failure, coronary artery disease 
and heart valve abnormalities. It was hypothesized that NT-proBNP might have additional prognostic 
value as a simple objective risk marker for postoperative cardiac events among vascular surgery 
patients. As shown in chapter 10, NT-proBNP is an excellent tool for further risk stratification with an 
optimal cut-off value of 350 pg/ml. In multivariate analysis, NT-proBNP > 350 pg/ml was significantly 
associated with a 4.7-fold increased risk for perioperative cardiac events. NT-proBNP > 350 pg/ml was 
also associated with an independent 1.9-fold increased risk for long-term mortality during a median 
follow-up of 2.4 years.

Part II. Perioperative risk reduction
In part two of this thesis perioperative cardiovascular risk reduction strategies are described, i.e. beta-
blocker therapy, statin therapy, prophylactic coronary revascularization and endovascular treatment 
modalities.

In chapters 11 and 12 the design and results of the DECREASE IV study are described. Beta-blockers 
and statins reduce perioperative cardiac events in high-risk patients undergoing vascular surgery 
by restoring the myocardial oxygen supply/demand balance and/or stabilizing coronary plaques. 
However, their effects in intermediate risk patients remained ill-defined. The DECREASE IV study 
evaluated the effectiveness and safety of beta-blockers and statins for the prevention of periopera-
tive cardiovascular events in intermediate-risk patients undergoing non-cardiovascular surgery. In 
this randomized trial, including 1066 patients at intermediate cardiac risk, bisoprolol was associated 
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with a significant decrease in the incidence of cardiac death and nonfatal myocardial infarction while 
statin therapy was associated with a trend towards improved postoperative cardiac outcome. Impor-
tantly, there was no increased risk for postoperative stroke in patients on beta-blocker therapy. 

The positive findings of DECREASE IV for perioperative beta-blocker therapy were confirmed in a 
meta-analysis described in chapter 13. In 15 randomized trials including 1077 patients perioperative 
beta-blocker therapy was associated with a 65% reduction in perioperative myocardial ischemia, a 
56% reduction in myocardial infarction, and a 67% reduction in the composite endpoint of cardiac 
death and non-fatal myocardial infarction. 

Major concerns of perioperative beta-blocker use are ischemic complications, such as stroke. In chap-
ters 14, 15, and 16 the impact of beta-blocker therapy on this type of complications is evaluated. 
As shown, beta-blocker therapy is not associated with an increase in ischemic complications of the 
esophagogastric anastomosis in patients undergoing esophagectomy for cancer. Furthermore, it is 
highlighted that perioperative beta-blockers are not a “fire-and-forget” type of medication. It should 
be started well ahead of surgery to allow a safe and adequate titration of beta-blockers. It is shown 
that if prophylactic beta-blocker therapy is initiated at a low dose and up titrated in the preopera-
tive period, the risk of stroke seems to be similar to that of patients not on beta-blockers while the 
cardioprotective effect is maintained. 

In chapters 17, 18, 19, 20, 21, and 22 the benefits and possible pitfalls of perioperative statin use 
in vascular surgery patients are investigated. Several retrospective studies have demonstrated an 
association between perioperative statin therapy and a reduction in perioperative cardiac events. 
However, there were also concerns regarding the safety of perioperative statin therapy. In chapter 
18 a cohort of 981 vascular surgery patients is studied. In this study we found that perioperative 
statin use in a large group of patients was not associated with an increased risk of myopathy, i.e. CK 
elevation with or without muscle complaints, after major vascular surgery. 

As shown in chapters 19 and 20, statin use is associated with improved recovery from acute kidney 
injury after major surgery and a beneficial effect on long-term survival. Also in patients requiring 
suprarenal clamping during abdominal aortic aneurysm repair perioperative statin therapy is associ-
ated with a preserved renal function. On the other hand, it must be realized that perioperative statin 
therapy discontinuation, which is inevitable in approximately 25% of patients undergoing major vas-
cular surgery, might be associated with an increase in cardiac events as is shown in chapter 21. Statin 
discontinuation was associated with an increased risk for postoperative troponin release, and the 
combination of myocardial infarction and cardiovascular death. Interestingly, fluvastatin extended 
release was associated with less perioperative cardiac events compared to atorvastatin, simvastatin, 
and pravastatin. 

In chapter 22 the results of the DECREASE III trial are described. In this double-blind, placebo-
controlled trial, statin naïve patients were randomly assigned to receive, in addition to beta-blocker, 
either 80 mg fluvastatin extended release once daily or placebo, starting 37 days prior to surgery. Two 
hundred fifty patients were assigned to fluvastatin and 247 to placebo. The incidence of myocardial 
ischemia in the fluvastatin group was significantly lower compared to the placebo group, respectively 
10.8% vs. 19.0%. The incidence of cardiac death or myocardial infarction was also significantly reduced 
in the fluvastatin group. Importantly, fluvastatin use was not associated with an increased risk for 
myopathy, liver dysfunction or all-cause death. Therefore, it is concluded that in patients undergoing 
vascular surgery, fluvastatin therapy is associated with an improved postoperative cardiac outcome. 
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In chapters 23, 24, 25, and 26 perioperative treatment of patients with coronary stents as well as the 
impact of prophylactic coronary revascularization in high cardiac risk patients are described. 

Recent coronary stent placement might be potentially harmful for patients undergoing non-cardiac 
surgery. Surgery increases the thrombosis risk due to a perioperative stress response, including 
sympathetic activation promoting sheer stress on arterial plaques, enhanced vascular reactivity 
conducive to vasospasm, reduced fibrinolytic activity, platelet activation, and hypercoagulability. In 
addition, while the surgical patient is in a hypercoagulable state dual antiplatelet therapy is often 
interrupted because of the fear for excessive bleeding complications during surgery. As shown in 
these chapters, there is an association between early non-cardiac surgery after coronary artery stent-
ing and perioperative adverse cardiovascular events. Importantly, in patients undergoing early sur-
gery, discontinuation of antiplatelet therapy during the perioperative period may be a major cause of 
the increase in major adverse cardiac events. The type of stent (i.e. bare-metal or drug-eluting) does 
not seem to influence cardiovascular outcome.

It was also hypothesized that some very high cardiac risk patients might benefit from preoperative 
prophylactic coronary revascularization. Therefore, the randomized DECREASE V pilot study was 
conducted. As shown in chapter 25, 1888 patients scheduled for vascular surgery were screened. 
Those at high cardiac risk based on clinical risk factors, i.e. ≥ 3 risk factors, and with extensive stress-
induced ischemia were randomly assigned for additional revascularization or best medical treatment 
only. Of 430 high-risk patients, 101 (23%) showed extensive ischemia and were randomly assigned 
to revascularization or no revascularization. Revascularization did not improve 30-day outcome. Also, 
no benefit during 1-year follow-up was observed after coronary revascularization. 

Endovascular treatment of abdominal aortic aneurysms is possibly associated with a reduced inci-
dence of perioperative cardiovascular complications. This might be due to the reduced myocardial 
stress during an endovascular procedure. In patients undergoing an endovascular procedure no aor-
tic clamping and declamping are performed, the procedure is done under loco-regional anesthesia, 
and in combination with a reduced blood loss a more hemodynamic stable condition is achieved. As 
is shown in chapters 27, 28, and 29, indeed endovascular treatment is associated with an improved 
perioperative cardiac outcome. In chapter 28 patients at high cardiac risk, i.e. 3 or more cardiac risk 
factors, undergoing endovascular abdominal aortic aneurysm repair had a significantly reduced inci-
dence of perioperative myocardial damage compared to patients undergoing open repair. As shown 
in chapter 27 and 28, the perioperative cardiac benefits of endovascular therapy are irrespective 
of the presence and extent of underlying coronary artery disease. However, as indicated in these 
chapters the long-term durability of this perioperative cardiac advantage remains to be awaited.

Part III. Long-term risk reduction
The preoperative evaluation offers a unique opportunity to identify patients at increased periop-
erative risk and initiate appropriate lifestyle changes and risk reduction therapy, as these will also 
improve long-term outcome. In chapters 30, 31, 32, 33, 34, and 35 the long-term prognosis and 
factors influencing the long-term outcome of vascular surgery patients are described.

Chapter 31 describes a study involving a total of 2,730 patients undergoing vascular surgery and 
a matched cohort, using propensity scores, of 2,730 patients with coronary artery disease who 
underwent coronary angioplasty. Vascular surgery patients had a worse long-term prognosis and 
received less medication (beta-blockers, statins, angiotensin-converting enzyme inhibitors, aspirin, 
nitrates, and calcium antagonists) than patients with coronary artery disease did. Based on these 
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results, it is concluded that long-term prognosis of vascular surgery patients is significantly worse 
than for patients with coronary artery disease, which might be attributable to the undertreament of 
patients with peripheral arterial disease. 

As shown in chapter 32, patients with temporary worsening of renal function after open abdominal 
aortic aneurysm repair are at high risk for poor long-term outcome. During 6.0 ± 3.4 years follow-up, 
the risk of late mortality was 1.7-fold increased in the persistent renal function worsening group, 
followed by those with temporary renal function worsening. 

Screening for abdominal aortic aneurysms in populations at increased risk, i.e. elderly males, to 
detect those who will benefit from elective repair seems to be safe and cost-effective. However, peri-
operative complications of elective abdominal aortic aneurysm repair remain a significant problem. 
Therefore, an attractive option would be the slowing of abdominal aortic aneurysm growth, thereby 
preventing the abdominal aortic aneurysm to reach a size requiring surgical intervention. In chapter 
33 the effect of statin therapy was studied. In 150 patients under surveillance for infrarenal aortic 
aneurysms, statin users had a 1.16 mm/year lower abdominal aortic aneurysm growth rate compared 
to non-users, irrespective of other known factors influencing aneurysm growth.

As indicated in chapters 27 and 28, patients undergoing endovascular abdominal aortic aneurysm 
repair experience significantly less perioperative cardiac events compared to patients undergoing 
open repair. In chapter 34 the long-term outcome of endovascular abdominal aortic aneurysm 
repair is described for patients at high cardiac risk, i.e. those with ≥ 3 clinical cardiac risk factors. In 
124 patients, endovascular repair was associated with improved cardiac event free survival during 
a median follow-up of 3.3 years but not with an overall survival benefit. Importantly, statin therapy 
was associated with both improved overall survival and cardiac event free survival. Therefore, it was 
concluded that the perioperative cardiac benefit of endovascular abdominal aortic aneurysm repair 
in high cardiac risk patients is sustained during long-term follow-up provided patients are on optimal 
medical therapy but it is not associated with improved overall long-term survival.

Finally, the long-term outcome of the randomized DECREASE V pilot study is described in chapter 
35. As was shown in chapter 25, prophylactic coronary revascularization in vascular surgery patients 
was not associated with an improved perioperative cardiac outcome. As shown in this chapter also 
long-term outcome is not improved after prophylactic coronary revascularization. After 2.8 years 
overall survival was 64% for patients randomized to no preoperative coronary revascularization ver-
sus 61% for patients assigned to preoperative coronary revascularization. Therefore, it is concluded 
that preoperative coronary revascularization in high-risk patients undergoing major vascular surgery 
is not associated with an improved postoperative or long-term outcome compared to best medical 
treatment only.



Samenvatting en conclusies

Cardiale complicaties zijn een belangrijke oorzaak van mortaliteit en morbiditeit rond niet-cardiale 
operaties. Bij ongeveer 0,5% tot 1,0% van alle operaties treedt een cardiale complicatie op. Wereld-
wijd worden jaarlijks circa 100 miljoen operaties uitgevoerd. De incidentie van perioperatieve 
cardiale complicaties wordt geschat op 500.000 tot 1.000.000 per jaar. Ongeveer een kwart van deze 
complicaties leidt tot het overlijden van de patiënt. In het bijzonder patiënten die een operatie aan 
de slagaders ondergaan hebben een verhoogde kans op het ontwikkelen van perioperatieve cardiale 
complicaties. Dit is vooral het gevolg van de uitgebreide atherosclerose bij deze patiëntengroep. Om 
perioperatieve cardiale complicaties bij deze patiënten te voorkomen, is het uitermate belangrijk om 
een goede inschatting van het perioperatieve risico te maken. Op basis van deze risico-inschatting 
kan de juiste perioperatieve therapie worden ingesteld. Het onderzoek beschreven in dit proefschrift 
was gericht op het optimaliseren van de preoperatieve inschatting van het cardiale risico en het ver-
minderen van het perioperatieve cardiale risico. De preoperatieve risico-inschatting moet eveneens 
gezien worden als een uitgelezen mogelijkheid om de juiste therapie te starten om ook complicaties 
op lange termijn te voorkomen. 

Deel I. Preoperatieve cardiovasculaire risico-inschatting
In deel één van dit proefschrift worden bestaande en nieuwe modellen voor het inschatten van het 
perioperatieve cardiovasculaire risico besproken. 

Hoofdstuk 1 geeft een overzicht van de omvang van het probleem van perioperatieve cardiale 
complicaties bij patiënten die een operatie aan een slagader (vaatchirurgie) ondergaan. Bijna alle 
patiënten (92%) die een vaatchirurgische ingreep ondergaan, hebben ook een vorm van coronair-
lijden. Daarom is het bij deze patiënten uitermate belangrijk om rond de operatie te screenen op 
het ontstaan van cardiale complicaties, zodat tijdig adequate therapie kan worden gestart. Wanneer 
patiënten die een grote operatie van de vaten ondergaan systematisch worden gescreend, blijkt de 
incidentie van cardiale complicaties rond 20% te liggen. Men moet zich hierbij realiseren dat 75% 
van alle cardiale complicaties bij deze patiënten niet als zodanig wordt gediagnosticeerd doordat de 
symptomen vaak, door bijvoorbeeld pijnstilling en pijnklachten van andere organen, gemaskeerd 
worden. 

Hoofdstuk 2 geeft een overzicht van perioperatieve cardiale complicaties bij patiënten die een 
niet-vaatchirurgische, niet-cardiale operatie ondergaan. De pathofysiologie van het perioperatieve 
hartinfarct is niet volledig duidelijk. Coronaire plaque ruptuur, leidend tot formatie van trombus en 
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afsluiting van de kransslagader, lijkt een belangrijke rol te spelen bij het ontstaan van het periope-
ratieve hartinfarct. Het optreden van deze plaque rupturen wordt versterkt door de lichamelijke 
stress respons die ontstaat tijdens grote chirurgische ingrepen. Ook leidt deze stress respons tot 
een verhoogde zuurstofbehoefte van het hart zelf. Echter, wanneer in de kransslagaders een ver-
nauwing aanwezig is als gevolg van atherosclerose kan er door het hart niet voldaan worden aan 
deze verhoogde zuurstofbehoefte. Als deze situatie te lang voortduurt, zal dit uiteindelijk leiden tot 
een hartinfarct. Daarom is het van belang om een tweesporen beleid te volgen bij de preventie van 
perioperatieve cardiale complicaties. Ten eerste dient de behoefte en aanbod van zuurstof te worden 
gebalanceerd. Ten tweede moet de zogenaamde instabiele coronaire plaque, die op het punt staat te 
ruptureren, worden gestabiliseerd. Het lijkt dat dit het beste te bereiken is door een combinatie van 
statines, bètablokkers en, indien mogelijk, aspirine. 

In hoofdstukken 3 en 4 worden modellen voor het inschatten van het perioperatieve cardiale risico 
besproken. In hoofdstuk 4 wordt een normogram van negen stappen beschreven om de patiënt 
preoperatief te optimaliseren. De combinatie van klinische risicofactoren, type operatie en ECG resul-
taten maakt het mogelijk een eerste, ruwe, schatting van het operatierisico te maken. Deze schatting 
kan worden gebruikt om te beslissen of een patiënt nadere cardiale evaluatie nodig heeft en welke 
medicamenteuze therapie gestart moet worden. 

Gebaseerd op gegevens van meer dan 100.000 operaties, wordt in hoofdstuk 5 een verbetering van 
de veel gebruikte Revised Cardiac Risk Index voorgesteld. Wanneer meer gedetailleerde informatie, 
zoals type operatie en leeftijd, wordt toegevoegd, neemt de voorspellende waarde aanzienlijk toe.

De Revised Cardiac Risk Index wordt ook veel gebruikt voor het schatten van het perioperatieve car-
diale risico van patiënten die een vaatchirurgische operatie ondergaan. In hoofdstuk 6 is de invloed 
van leeftijd op de voorspellende waarde van de Revised Cardiac Risk Index onderzocht. Deze bleek 
verschillend te zijn voor verschillende leeftijdsgroepen. Het onderzoek toont aan dat de voorspel-
lende waarde van de Revised Cardiac Risk Index aanzienlijk is te verbeteren indien leeftijd als factor 
wordt meegenomen in deze index. 

Bij patiënten die op basis van klinische risicofactoren een verhoogd perioperatief cardiaal risico 
hebben, kan verdere cardiale analyse middels een zogenaamde cardiale stress test nodig zijn. Hoofd-
stuk 7 geeft een overzicht van verschillende stress test modaliteiten. Hoewel er nauwelijks directe 
vergelijkingen zijn gemaakt tussen de verschillende modaliteiten, is wel een aantal meta-analyses 
verschenen. Deze laten een trend ten faveure van de dobutamine stress echocardiografie zien. 
Echter, de verschillen met de andere modaliteiten zijn klein. Daarom is het niet mogelijk te zeggen 
welke test het meest geschikt is voor perioperatieve risico-inschatting. Het verdient aanbeveling de 
keuze voor een bepaalde test af te laten hangen van de ervaring van een medisch centrum met een 
bepaalde test. 

Een ander belangrijk vraagstuk is welke patiënt baat heeft bij een aanvullende cardiale stress test. In 
hoofdstuk 8 wordt de waarde van preoperatieve cardiale stress tests onderzocht in patiënten met 
een gemiddeld risico die een vaatchirurgische ingreep ondergaan. In 770 gerandomiseerde patiën-
ten was de incidentie van perioperatieve cardiale complicaties gelijk in de groep die had geloot voor 
aanvullende stress test en de groep die had geloot voor geen aanvullende stress test. Patiënten die 
geen cardiale stress test ondergingen konden gemiddeld drie weken eerder geopereerd worden. 
Daarom is geconcludeerd dat een aanvullende cardiale stress test, bij patiënten met een gemiddeld 
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hoog risico op perioperatieve cardiale complicaties, achterwege gelaten kan worden mits de patiënt 
op adequate medicamenteuze therapie is ingesteld. 

Hoofdstuk 9 laat, op basis van een studie met 500 patiënten, zien dat de grootte van een aneurysma 
van de abdominale aorta geassocieerd is met de cardiale uitkomst na operatieve correctie van dit 
aneurysma. Patiënten met een groter aneurysma hebben een significant grotere kans op periopera-
tieve complicaties.

N-terminal pro-B-type natriuretic peptide (NT-proBNP) wordt afgescheiden door het hart als reactie 
op stress op de wand van het hart. NT-proBNP heeft prognostische waarde voor patiënten met 
hartfalen en voor patiënten met coronairlijden. In hoofdstuk 10 is onderzocht of NT-proBNP ook 
prognostische waarde heeft voor patiënten die een vaatchirurgische ingreep ondergaan. Inderdaad, 
NT-proBNP bleek een zeer goede marker voor perioperatief cardiaal risico te zijn. Een verhoogd 
NT-proBNP was geassocieerd met een bijna vijf maal zo grote kans op perioperatieve complicaties. 
Ook was een verhoogd NT-proBNP geassocieerd met een bijna twee maal zo grote kans op sterfte 
gedurende een follow-up van 2,4 jaar.

Deel II. Perioperatieve risicoreductie
In deel twee van dit proefschrift worden verschillende strategieën besproken gericht op risicoreduc-
tie: bètablokker therapie, statine therapie, profylactische revascularisatie van de kransslagaders en 
endovasculaire behandelingsopties. 

In hoofdstuk 11 en 12 worden de opzet en de resultaten van de DECREASE IV studie beschreven. In 
de DECREASE IV studie is de effectiviteit en veiligheid van het perioperatief gebruik van statines en 
bètablokkers onderzocht in 1066 patiënten met een gemiddeld hoog cardiaal risico. Bètablokkers 
bleken geassocieerd te zijn met een significante reductie in het aantal perioperatieve cardiale com-
plicaties. Voor statines werd een niet-significante trend gevonden voor een betere perioperatieve 
cardiale uitkomst. 

Deze positieve bevindingen voor bètablokkers werden bevestigd in een meta-analyse (hoofdstuk 
13). Bij 1077 patiënten uit 15 gerandomiseerde studies werd een significant voordeel voor bètablok-
kers gevonden wat betreft perioperatieve myocardischemie, perioperatief hartinfarct en de combi-
natie van cardiale sterfte en hartinfarct. 

Recentelijk is er twijfel ontstaan over de veiligheid van perioperatief bètablokker gebruik. Het zou 
mogelijk geassocieerd zijn met een grotere kans op een beroerte en andere complicaties ten gevolge 
van een verminderde doorbloeding. Hoofdstukken 14, 15 en 16 behandelen de invloed van bèta-
blokker therapie op dit soort complicaties. Bètablokker therapie is niet geassocieerd met een grotere 
kans op doorbloedingsproblemen van een buismaagreconstructie bij patiënten bij wie de slokdarm 
is verwijderd in verband met kanker. Ook wordt in deze hoofdstukken benadrukt dat bètablokkers 
met verstand gedoseerd moeten worden. Men moet tijdig beginnen met bètablokker therapie en de 
dosis op geleide van bloeddruk en hartslagfrequentie aanpassen. Wanneer bètablokkers tijdig in een 
lage dosering worden gestart en de dosis, indien nodig, adequaat wordt aangepast, is het risico op 
beroerte niet verhoogd terwijl de kans op cardiale complicaties wel verlaagd is. 

In hoofdstukken 17, 18, 19, 20, 21 en 22 zijn de voordelen en mogelijke nadelen van perioperatief 
gebruik van statines onderzocht. Meerdere retrospectieve studies suggereren een verband tussen 
statine gebruik en een kleinere kans op perioperatieve cardiale complicaties. Echter, er zijn ook 
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bedenkingen ten aanzien van de veiligheid van perioperatief statine gebruik. In hoofdstuk 18 zijn 
981 vaatchirurgische patiënten onderzocht. Perioperatieve behandeling met statines bleek niet geas-
socieerd met een verhoogd risico op aan statine gerelateerde bijwerkingen zoals myopathie. Uit de 
hoofdstukken 19 en 20 blijkt, dat statine gebruik is geassocieerd met een beter herstel van nierfunc-
tie na acute nierschade die op kan treden tijdens een operatie. Ook lijkt statine gebruik geassocieerd 
te zijn met een betere uitkomst op de lange termijn. Men moet zich echter wel realiseren dat het stop-
pen van statines rond een operatie geassocieerd is met een grotere kans op cardiale complicaties, 
vergeleken met patiënten die niet stoppen met statine gebruik, zoals blijkt uit hoofdstuk 21. Het zo 
snel mogelijk hervatten van statine gebruik na een operatie lijkt daarom uitermate belangrijk. 

In hoofdstuk 22 worden de resultaten van de DECREASE III studie beschreven. In deze dubbel-
geblindeerde, placebo-gecontroleerde studie werden patiënten die nog niet met statines werden 
behandeld voor een vaatchirurgische operatie gerandomiseerd. In totaal lootten 250 patiënten voor 
behandeling met fluvastatine en 247 voor placebo. De incidentie van myocardischemie was twee 
maal lager in de groep patiënten die fluvastatine gebruikte. Ook de incidentie van cardiale sterfte 
en hartinfarct was significant verlaagd in de groep van fluvastatine gebruikers. Dit leidde tot de 
conclusie dat perioperatieve behandeling met fluvastatine geassocieerd is met een betere cardiale 
uitkomst in patiënten die een vaatchirurgische operatie ondergaan. 

In hoofdstukken 23, 24, 25 en 26 wordt de perioperatieve behandeling van patiënten met stents in 
de kransslagaders besproken. Ook werd de invloed van profylactische revascularisatie van de krans-
slagaders in hoog risico patiënten onderzocht. Uit dit onderzoek komt naar voren dat patiënten die 
een operatie ondergaan, vlak nadat ze een stent in één of meer kransslagaders hebben gekregen, 
een verhoogde kans hebben op perioperatieve complicaties. Ook blijkt het stoppen van aspirine en 
clopidogrel bij deze patiënten de kans op cardiale complicaties te vergroten. 
Zeer hoog risico patiënten zouden mogelijk baat kunnen hebben bij het profylactisch revascular-
iseren van afwijkingen in de kransslagaders. Zoals blijkt uit de DECREASE V pilot studie, beschreven 
in hoofdstuk 25, is dit echter niet het geval. In 101 gerandomiseerde patiënten hadden patiënten, 
die geloot hadden voor profylactische revascularisatie geen betere uitkomst rond de operatie, dan 
patiënten die alleen met medicijnen behandeld werden. 

Endovasculaire behandeling van het aneurysma van de abdominale aorta is mogelijk geassocieerd 
met een kleinere kans op perioperatieve cardiale complicaties. Zoals in hoofdstukken 27, 28 en 
29 wordt beschreven lijkt endovasculaire behandeling inderdaad te resulteren in minder periope-
ratieve complicaties. In hoofdstuk 28 werden patiënten met een zeer hoog cardiaal risico die een 
endovasculaire of open behandeling van het aneurysma van de abdominale aorta ondergingen met 
elkaar vergeleken. Patiënten die endovasculair werden behandeld hadden een significant kleinere 
kans op perioperatieve cardiale schade. De kleinere kans op complicaties was onafhankelijk van de 
aanwezigheid en ernst van het onderliggend cardiaal lijden. Echter, het is de vraag of endovasculaire 
behandeling ook op de lange termijn een voordeel biedt ten opzichte van de open behandeling van 
het aneurysma van de abdominale aorta. 

Deel III. Langetermijns risico reductie
De preoperatieve evaluatie biedt een unieke kans om patiënten te identificeren die ook op de lan-
gere termijn een grotere kans op cardiale complicaties hebben. De preoperatieve evaluatie is daarom 
ook een uitgelezen mogelijkheid om door middel van veranderingen in levensstijl en medicatie de 
prognose van patiënten te verbeteren. In hoofdstukken 30, 31, 32, 33, 34 en 35 wordt de prognose 
op langere termijn van patiënten die een vaatchirurgische ingreep moeten ondergaan uiteen gezet. 
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In hoofdstuk 31 is in een groep van 2730 vaatchirurgische patiënten aangetoond dat de kans op 
overlijden gedurende een follow-up van gemiddeld 6,4 jaar ruim 2 maal zo groot is als bij hartpa-
tiënten die een dotterbehandeling van de kransslagaders hebben ondergaan. Dit heeft mogelijk te 
maken met de onderbehandeling van vaatchirurgische patiënten. Hartpatiënten kregen significant 
vaker de juiste medicatie. Op basis hiervan is geconcludeerd dat de prognose van vaatchirurgische 
patiënten slechter is dan van hartpatiënten en dat dit mogelijk te maken heeft met medicamenteuze 
onderbehandeling. 

Zoals in hoofdstuk 32 wordt beschreven, hebben vaatchirurgische patiënten die kort na de operatie 
tijdelijk of permanente nierfunctiestoornissen hebben gehad een slechtere prognose op de langere 
termijn. Gedurende een follow-up van 6 jaar hadden patiënten met tijdelijke nierfunctiestoornis-
sen een 1,5 maal grotere kans en patiënten met permanente nierfunctiestoornissen een 1,7 maal 
grotere kans op mortaliteit. Behandeling met statines is in deze patiëntengroepen geassocieerd met 
verbeterde uitkomsten. 

Screenen op het aneurysma van de abdominale aorta in groepen met een grotere kans hierop is vei-
lig en kosteneffectief. Echter, ook het electieve herstel van het aneurysma van de abdominale aorta 
gaat gepaard met een aanzienlijke kans op morbiditeit en mortaliteit. Het vertragen van de groei van 
een aneurysma, waardoor er niet geopereerd hoeft te worden, is daarom een aantrekkelijke optie. 
In hoofdstuk 33 wordt de associatie tussen statine gebruik en een tragere groei van het aneurysma 
van de abdominale aorta beschreven. Deze lijkt onafhankelijk te zijn van andere bekende factoren 
die invloed hebben op aneurysmagroei.

In hoofdstuk 34 wordt de langetermijns uitkomst van patiënten met een zeer hoog cardiaal risico 
die een endovasculair herstel van het aneurysma van de abdominale aorta hebben gehad vergeleken 
met de uitkomst van patiënten die een open herstel hebben ondergaan. Na een gemiddelde follow-
up van ruim 3 jaar was endovasculaire behandeling geassocieerd met minder cardiale complicaties. 
Echter, de totale overleving verschilde niet tussen beide groepen. Verder kwam naar voren dat met 
name het gebruik van statines een gunstig effect heeft op de langetermijns uitkomsten. 

In hoofdstuk 35 worden de langetermijns resultaten van de DECREASE V pilot studie beschreven. 
Ook op de langere termijn bleek preoperatieve profylactische coronair revascularisatie van zeer hoog 
risico patiënten niet geassocieerd te zijn met een betere uitkomst. Daarom is geconcludeerd dat 
preoperatieve coronair revascularisatie in zeer hoog risico, maar stabiele, patiënten niet zinvol is. 
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