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Abdominal aortic aneurysm
An aortic aneurysm is defined as a full thickness dilatation of the abdominal aorta of 
more than 3.0 cm. In general, the benchmark for elective treatment is an aneurysm 
wider than 5.5 cm for men and 5.0 cm for woman, or a growth rate exceeding more than 
1 cm per year1.

In the last century major advances have been made in the treatment of vascular 
diseases. One of these vascular diseases is abnormal widening of the aorta or any other 
artery (aneurysm). This potentially fatal condition was first mentioned by the Egyptians 
around 2000 BC and physicians were advised for aneurysm of small arteries: ‘Treat it 
with a knife and burn it with a fire so that it bleeds not too much’2. Since then, different 
therapies have been proposed such as ligation of the involved vessel, needling of the 
aneurysm wall, leaving iron or copper wire in the aneurysm and inducing coagulation 
by attaching the wire to a battery, and wrapping the aneurysm with cellophane. These 
therapies were thought to cause thrombosis or fibrosis of the aneurysm wall but often 
resulted in the loss of limbs or even death.

Since then, the aim of treatment of an abdominal aortic aneurysm remained the 
prevention of rupture. Nowadays, the decision when to treat the aneurysm depends on 
the risk of rupture and the risk of the surgery. For example, if the risk of surgery would 
be higher compared to the risk of rupture the surgeon and patient would be taking 
unnecessary risk.

Advancements in aortic surgery
During open surgery, in general, an abdominal incision is made and the aorta proximal 
and distal to the aneurysm is clamped. The aneurysm sac is opened and the graft is 
anastomosed both proximally and distally after which the aneurysm sac is closed 
covering the graft after which the abdomen is closed.

After the first aorta coarctation resection and anastomosis in the mid-forties, 
development of other vascular procedures rapidly followed3. The first successful 
abdominal aortic aneurysm with replacement of the aorta using a human homograft 
was performed in 1951 by Dubost4. With the development of graft preservation, artery 
tissue banks were established but availability remained a problem3. In the mid-fifties, 
Edman, a textile engineer, and DeBakey, a renowned surgeon, studied various graft 
materials and ultimately build a knitting machine to manufacture the first woven graft, 
the Dacron graft5. The more advanced Dacron grafts in various shapes and sizes are still 
used today for open repair of aortic abdominal aneurysm (Figure 1A)6.
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One of the most recent advancements in vascular surgery was the transfemoral 
introduction of an intraluminal stent graft. The first (thoracic) endovascular aneurysm 
repair (EVAR) was performed by Volodos in 19877. EVAR is a less invasive treatment 
compared to open repair and has been adapted by many medical centers around the 
world nowadays8, 9 (Figure 1B). Besides the benefit of being less invasive, this procedure 
can also be performed under local anesthetics which is highly preferable in high 
morbidity patients.

FIGURE 1 Treatment modalities for abdominal aortic aneurysms6

Treatment considerations
The timing of treatment of infrarenal aortic aneurysms was studied in two large trials; 
the Aneurysm Detection and Management (ADAM) Veterans Affairs Cooperative trial10, 

11 and the UK Small Aneurysm Trial12. These trails show no survival benefit of treatment 
compared to surveillance for patients treated for smaller aneurysms (4.0-5.5cm) both at 
short-term as well as long-term follow-up.

Another issue is choosing the right treatment modality for the right patient. Open AAA 
repair has traditionally been the first choice but in the last decades this has shifted to 
EVAR. Recent multicenter trials have shown a three-fold reduction in mortality after 
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EVAR compared to open surgery in the short-term13. The EVAR14, DREAM15, OVER16 
and ACE17 trials showed a 30-day mortality of 0.2-1.7% for EVAR and 0.7-4.7% for open 
surgery. The survival benefit was not maintained in the long-term (2-6 years). This might 
be explained by the high rate of cardiac co-morbidity in aneurysm patients which is the 
most common cause of mortality during follow-up followed by malignant diseases18. 
It might also be explained by the higher rate of re-interventions and aneurysm related 
deaths during follow-up in patients treated with EVAR compared to open surgery12.

An intact aortic aneurysm is generally asymptomatic but can become symptomatic 
and subsequently rupture. Rupture is a life-threatening condition with a population 
based mortality of almost 80%19. Over 30% of patients with a ruptured aortic aneurysm 
die before reaching the hospital. The combined in-hospital and 30-day mortality is 
around 30% for patients who have been treated for their ruptured aortic aneurysm in 
the Netherlands20. The shift of treatment modality for ruptured aneurysms from open 
surgery to EVAR has been more controversial in comparison with the treatment shift of 
elective aneurysms. A multicenter randomized controlled trial, the AJAX trial, showed 
no significant difference between the two treatment modalities. Also in the ECAR trial 
for ruptured aneurysms no differences between EVAR and open surgery were found21. 
Patients treated with EVAR did show lower total respiratory support time, pulmonary 
complications and days of admission at the ICU compared to patients treated with open 
surgery. Another important advantage of EVAR is the option of treating the patient under 
local anesthesia instead of general anesthesia which can cause more  hemodynamical 
instability. This could allow the surgeon the time for placing an endoclamping balloon 
inside the aorta or the EVAR entirely.

OUTLINE OF THIS THESIS

Part 1: Risk assessment in aortic surgery
Deciding if and when to operate a patient and with what type of operation is the one of 
biggest challenges in vascular surgery. To assist this process, identifying risk factors for 
post-operative adverse outcomes combined in a risk model can give a more detailed and 
uniform insight of the risks prior to surgery.  To differentiate post-operative outcomes 
of patients with ruptured abdominal aneurysm treated with EVAR or open surgery, we 
identify in chapter 2 easy-to-obtain variables in the pre-operative setting as risk factors 
for short-term mortality and adverse events.

Following on this, for clinicians who are responsible for a patient with a ruptured 
abdominal aneurysm this decision making process is of an acute nature and needs 
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to be relatively fast. Criteria for treatment could differ per hospital or region and per 
cultural setting. In addition to this, the decision whether or not to operate is rather 
crude. Withholding treatment for a patient results generally in death. In this perspective 
it can be very informative to have a risk model predicting the chances for survival. Such 
a model can potentially also identify patients who were previously turned down for 
treatment but actually have a better chance of survival than suspected at first glance. In 
chapter 3 we present a new and practical risk model to calculate the chances of survival 
after treatment for a ruptured abdominal aneurysm; The Dutch Aneurysm Score.

Risk models were previously published with varying standards of reporting. To uniform 
this, tools like the Transparent Reporting of a multivariable Prediction model for 
Individual Prognosis Or Diagnosis (TRIPOD), the seven steps for development of a risk 
model and ABCD for validation were introduced22, 23. With these tools for the statistical 
analysis for risk models a sound and reliable risk model can be created. In chapter 4 we 
describe the most important tools and pitfalls for developing a risk model. In addition, 
we looked at all the already existing risk prediction models for elective abdominal aortic 
surgery and acute abdominal aortic surgery. An extensive overview of the included risk 
factors, study characteristics and risk model formula are given to fully comprehend the 
differences between these risk models. As such the physician can easily judge what the 
most appropriate risk model is for her or his clinical practice.

A more complex type of aortic aneurysm is a juxtarenal aortic aneurysm. This kind of 
aortic aneurysm extends up to, but does not involve the renal arteries, necessitating 
interrenal or suprarenal clamping24. In case of endovascular treatment it demands 
some kind of branching. Since 2013, the Dutch Surgical Aneurysm Audit (DSAA) has 
been established. This is a nationwide mandatory audit for all patients treated for an 
aortic aneurysm in the Netherlands25. The aim of this audit is to gain insight into the 
quality of aneurysm surgery and to stimulate improvement processes by mirroring 
information to the participating hospitals. The combined short term mortality of 
infrarenal and juxtarenal aneurysm treatment within the DSAA is 1.9%. As juxtarenal 
aneurysm surgery are more complex procedures and juxtarenal aneurysm account for 
15% of all aneurysms one would except more available literature describing outcomes 
after juxtarenal aneurysm treatment specifically26. In chapter 5 we present an overview 
of the short-term outcomes after juxta-renal aneurysm treatment, with either open 
surgery or endovascular treatment in the Netherlands.

A potentially fatal complication in vascular surgery is colonic ischaemia. This complication 
can develop after aortic surgery, open or EVAR, and occurs more frequently after treating 
an acute aortic abdominal aneurysm compared to elective aortic aneurysm surgery. To 
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lower mortality after aortic surgery prompt diagnosis of colonic ischaemia is eminent27. 
Clinical presentation, for example bloody diarrhea, lacks accuracy in diagnosing colonic 
ischemia28. Sigmoidoscopy or colonoscopy is a test most often used in daily practice 
but it is unclear what the accuracy is of this test in diagnosing full-thickness colonic 
ischemia needing colonic resection. In chapter 6 we combine all available evidence on 
this subject and describe a diagnostic test accuracy meta-analysis to show the accuracy 
of a routine endoscopy after aortic surgery diagnosing colonic ischaemia in electively 
treated patients as well as patients treated in an emergency setting.

Part 2: Risk assessment in vascular surgery
Instead of discussing specific risk factors and mortality for aortic aneurysm patients, 
there are multiple risk factors clinically relevant for vascular surgery in general. Most 
pathology in vascular surgery involve dilating or stenotic/occluding vascular disease. 
The risk to develop vascular disease is increased by, for example, smoking, hypertension, 
dyslipidemia, diabetes and positive family history29. These risks factors do not only 
cause vascular disease but also increase the chance of cerebrovascular, lung and cardiac 
disease which can influence the prognosis of these patients as well. This was reason to 
research more general risk factors for adverse outcomes after treatment for vascular 
disease so prognosis of more patients can be estimated.

Next to measuring risk factors in the pre-operative setting, it can be measured around 
the time of hospital discharge. This allows for the identification of risk factors which 
potentially take into account the impact of the operation and the severity of illness in 
the post-operative period. In critically ill medical and surgical patients in general this 
is a known concept and has strong associations with long-term outcomes30, 31. One of 
these risk factors associated with long-term outcomes in critically ill patients is the Red 
cell Distribution Width (RDW). RDW is a measurement of the variation of red blood cell 
size and is associated with inflammatory mediators32-34. These inflammatory mediators 
can elevate when the patient undergoes major surgery or complications. RDW is also 
known to be associated with developing different kinds of cardiovascular diseases35-37. 
As critically ill vascular surgery patients are a fragile patient group with known high out-
of-hospital adverse events, we present in chapter 7 the association between the RDW 
measured at hospital discharge and post-discharge adverse events38.

In contrast to the more chronic elevation of RDW by critical illness, eosinopenia 
is a marker for acute inflammation39. When measured at intensive care admission 
eosinopenia is a prognostic marker for sepsis and mortality in critically ill patients, more 
specifically patients with bacteremia or acute cerebral infarction40-43. Due to substantial 
preexisting co-morbidities and age, critically ill vascular surgery patients who have been 
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exposed to major surgery have an high risk of adverse events44. We present in chapter 8 
the association between eosinopenia at intensive care admission and out-of-hospital 
adverse events to identify these high risk patients.

Another major risk for mortality in vascular surgery is lack of physical activity. For 
example, poor preoperative functional status is known to be associated with a higher 
short-term mortality in patients with critical limb ischemia and in patients treated with 
EVAR for an abdominal aortic aneurysm45, 46. Most studies focus on the association with 
short-term adverse events post-surgery, but the relationship with long-term events 
is not well established. In chapter 9 we show the association between the functional 
status at hospital discharge measured by a licensed physiotherapist and post-discharge 
adverse events in non-cardiac vascular surgery patients.

If one considers physical fitness as a prognostic issue in vascular surgery patients, 
nutritional status should also be considered a vital component in the recovery and 
survival of vascular surgery patients. Malnutrition in hospitals is a common problem 
that affects complication rates and mortality negatively47. This association is especially 
apparent in patients who are critically ill or are of older age which most of vascular 
surgery patients are48, 49. As with functional status, current data on malnutrition in 
vascular surgery patients mainly focus on short-term complications and mortality, but 
not on what occurs after discharge. We show in chapter 10 the association between 
different kinds of post-operative malnutrition and out-of-hospital outcomes in non-
cardiac vascular surgery patients.

In the general discussion, chapter 11, the results of the different studies are discussed. 
Implications for clinical practice and suggestions for improvements in the prognoses 
of vascular surgery patients bare given. In chapter 12 a summary of this thesis is given.
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