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Treating vascular disease and understanding its anatomy and pathophysiology has 
come a long way since the discovery of the vascular system by Leonardo da Vinci (1452-
1519) and later more detailed described by William Harvey (1578-1657)1, 2. Nowadays, 
extensive knowledge of diagnostics, complex treatments, and prevention of vascular 
disease is available. In the current era a need towards personalized healthcare fuelled 
the need for assessing risk factors to predict the probability of adverse outcomes to 
occur3. The identification of risk factors and use of risk models can support the physician 
and patient to develop the most appropriate treatment for that specific patient. This 
thesis focused on assessing risk factors for adverse outcomes after aortic surgery and 
vascular surgery in general.

Randomized trials conducted to show whether there exists a mortality advantage after 
endovascular treatment compared to open surgery for ruptured infrarenal aneurysms 
all showed no difference4-7. In contrast to this, they did show beneficial secondary 
outcomes after endovascular treatment such as mean hospital stay, mean blood 
loss and less severe complications. In contrast to the randomized trials, retrospective 
studies are mostly more favourable towards endovascular treatment. This was also 
seen in our cohort shown in chapter 2 with a twofold lower early mortality after 
endovascular aneurysm repair (EVAR) compared to open surgery. For retrospective 
studies the difference in mortality could be explained by selection bias as symptomatic 
non-ruptured aneurysms could have been included in the analysis of the ruptured 
abdominal aortic aneurysm (AAA) studies as they are both marked as acute medical 
issues. To avoid such a bias, we reviewed all patients records and only included patients 
with a true rupture. After endovascular as well as after open surgery, a low haemoglobin 
level was associated with early adverse events. Presence of shock and age above 75 
years were independent risk factors for mortality only after open surgery. Probably the 
less invasive nature of EVAR explains this difference and it might also be explained by 
maintaining a higher peripheral resistance as acute EVAR is carried out without general 
anaesthesia in most cases. The beneficial outcomes after EVAR in this study support 
the shift towards preferential endovascular treatment. It also introduces risk factors for 
mortality depending on the chosen treatment.

Risk prediction models can be made by combining multiple risk factors. With the proper 
internal and external validation, a risk prediction model can be a reliable and valuable 
tool for daily practise. They can be very helpful in identifying the risk of illness or the 
risk of specific outcomes after treatment. In chapter 3 we described a new prediction 
model identifying the risk of early mortality after treatment of a ruptured AAA; the 
Dutch Aneurysm Score (DAS). The DAS includes age, lowest systolic blood pressure, 
cardiopulmonary resuscitation and haemoglobin level, which are all easily obtained 
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before treatment. Besides the better discriminative performance compared to the 
existing models, the DAS was developed and validated in a cohort with a relatively high 
amount of endovascular treated patients, conducted according the latest guidelines for 
development of a prediction model. Moreover, the model is able to predict risk above 
80%3, 8. Not only high risk patients can be identified by the DAS, also low risk patients 
can be identified. Identifying low risk patients could ultimately lower turndown rates. As 
the consequence of withholding lifesaving treatment is severe, a good prediction can 
assist the clinician to make a more informed decision in the dialogue with the patient 
and their family pre-operatively.

The DAS is not the only prediction model ever developed for mortality after treatment 
of a ruptured or elective AAA. In fact, six different prediction models for ruptured 
aneurysms have been published and seven for elective aneurysms. In chapter 4, an 
overview of all these prediction models is given, including their development, their 
usefulness, and the issue on how to report prediction models is discussed. Prediction 
models aim to estimate the risk of the presence of disease or an event in the future3. 
To easily assess the quality of a prediction model, an uniform method of reporting 
is recommended; the Transparent Reporting of a Prediction model for Individual 
Prognosis or Diagnosis (TRIPOD)9. For the authors it gives a practical checklist for all 
elements that need to be included in the report. For readers it gives guidance in finding 
these elements to be able to value the quality of the model. For elective aneurysm 
repair, the British Aneurysm Repair (BAR) score was the most promising10. This score was 
developed in a large dataset including both open and endovascular treated patients 
and showing the best discrimination, and thus was able to identify high and low risk 
patients reliably. The BAR score was developed for 30-day mortality and also long-term 
mortality, which allows the clinician and patient to look at the chances of survival in the 
longer term and subsequently base the treatment decision on this as well. The Cleveland 
score turned out to be a reasonably reliable prediction model for endovascular treated 
patients predicting the 5-year mortality, but this derived from a relatively small dataset. 
For ruptured aneurysm repair, only the Artificial Neural Network (ANN-4) score and the 
DAS included endovascular treated patients11. The ANN-4 was derived from a very small 
dataset but showed a well performing prediction model as it was developed with a new 
program that can be taught to model a dataset by imputation of select patient data. 
The DAS was derived in a large dataset, externally validated in two other large datasets 
and showed good discrimination. To use and truly value the published prediction 
models clinicians should preferably validate them in the datasets of their own hospital. 
Future research is challenged by developing perfect performing prediction models 
so definitive decisions can be made. Until then, shared decision making between the 
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physician and patient with their family combined with the knowledge of the current 
prediction models gives a patient tailored approach to the treatment of patients with 
an abdominal aortic aneurysm.

The decision of treatment tends to be even more challenging in high complex aneurysms, 
for example in juxtarenal AAAs. This type of abdominal aneurysm, extending up to the 
renal arteries, can also be treated both with open surgery as with complex endovascular 
repair. In chapter 5, data on real life daily practice in the Netherlands is shown on 
treating juxtarenal AAAs. After open surgery, the odds for major complications and 
early mortality were both over 3.5-fold higher compared to patients who were treated 
with complex endovascular repair. The odds for minor complications were 2-fold 
higher for open treated patients compared to endovascular treated patients. These 
results differ from two high-quality meta-analyses, showing no difference between 
open and endovascular treated patients in mortality but did show less complications 
after endovascular treatment12, 13. A short neck distal to the renal arteries is a known 
risk factor for early mortality when treating infrarenal AAA after open surgery although 
treating these patients with a standard EVAR would not be possible6, 14. To treat a 
patient with open surgery, generally a broader range of anatomical variations can be 
excepted compared to endovascular repair. This could have introduced selection bias 
by indication in this study and could have contributed to a relative higher mortality 
in the open treatment group. As the treatment of choice was at the discretion of the 
surgeon in this registry, it might be that an open treated patient could have been treated 
endovascular if the patient was treated in a different hospital or by a different surgeon. 
As this choice of treatment is multifactorial, the most appropriate method to correct 
by default for this selection bias would be to conduct a randomized trial15. Identifying 
risk factors and developing a prediction model exclusively for juxtarenal AAAs treated 
open or endovascular, would be a valuable addition in the decision making process of 
treatment options.

Not only the impact of AAA surgery itself is a risk factor for mortality but also 
postoperative major complications can lead to mortality. Colonic ischaemia is one of 
the most severe complications after AAA repair and is also challenging to diagnose due 
to limited diagnostic tests with adequate accuracy. Endoscopy is an often used test to 
diagnose colonic ischaemia and therefore we analysed all the existing evidence on this 
topic and performed a meta-analysis, described in chapter 6. This shows endoscopy 
to be a valuable test in ruling out colonic ischaemia, especially for ruptured AAAs 
where incidence of colonic ischaemia is highest, but not in identifying the presence 
of it. With endoscopy the difference between superficial ischaemic lesions and the 
clinically important transmural colonic ischaemia is hard to make. It is important to 
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realise for clinicians that a positive endoscopy for colonic ischaemia not always needs 
to be followed by an immediate laparotomy. No studies reported adverse events from 
the endoscopy making it a safe diagnostic test to rule out colonic ischaemia. Potential 
risk factors for developing colonic ischaemia are identified in literature such as age, 
hypotension, ligation of the hypogastric artery, emergency repair and open repair, but 
no prediction model had been described. Co-morbidities as well as these risk factors 
should be taking into account whether an immediate laparotomy is necessary for the 
patient.

As stated in the general introduction, multiple risk factors for dilatating vascular 
disease overlap with stenotic/occluding vascular disease. In the second part of this 
thesis, risk factors for vascular surgery diseases in general are discussed. In chapter 
7, the significant association between an elevated red cell distribution width (RDW) 
at hospital discharge and the 90-day mortality is shown. Also, the RDW at discharge 
was associated with discharge to a care facility and 90-day unplanned hospital 
readmission for critically ill vascular surgery patients. This suggests that RDW, which is 
a biomarker for systemic and chronic inflammation altering the hemopoiesis, is able to 
identify patients at risk for adverse events16-19. RDW is a low-cost and widely available 
laboratory test, measured within a complete blood count. Post-discharge outcomes are 
increasingly used for multiple adverse events in studies concerning vascular surgery 
patients20-23. This could assist clinicians in thinking beyond hospital discharge and 
ultimately in development of tailor-made rehabilitation or follow-up programs that can 
reduce adverse events. In addition to this, the RDW can give prognostic information 
for patient-provider discussions regarding goals and palliative services in the post-
discharge setting. Eosinopenia is another biomarker of inflammation that has the same 
potential as RDW, although this marker is altered very early during acute inflammation 
rather than being a marker for chronic inflammation like RDW. For critically ill vascular 
surgery patients, eosinopenia may be a valuable biomarker for the intensity of acute 
inflammation as these patients already have a higher baseline systemic inflammatory 
burden24, 25. The results discussed in chapter 8 show eosinopenia at ICU admission is 
significantly associated with 90-day post-discharge mortality and discharge to a care 
facility. Eosinopenia is also a low cost and facile interpretable biomarker and is generally 
routinely measured. Together with RDW, eosinopenia could enhance the development 
of prediction models for out-of-hospital outcomes in vascular surgery patients.

Next to laboratory values, human behaviour and abilities can also cause additional risk 
for adverse events. In chapter 9, we studied the association between functional status at 
hospital discharge and the 90-day out-of-hospital mortality in vascular surgery patients. 
The results show a strong association between decreased functional status and mortality 
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as well as the chance of readmission within 30 days. In previous research, prolonged 
immobility has a major effect on loss of muscle mass and functional status, especially in 
the older population and critically ill26-28. Only for AAA patients, randomized trials have 
showed that pre-operative exercise can decrease post-operative complications and 
length of stay but no difference in early mortality was found29, 30. No trials exists that 
show results on post-operative rehabilitation and adverse outcomes in vascular surgery 
patients. The European guidelines only recommend post-operative rehabilitation for 
patients with a major amputation15, 31. With our study we showed there is an association 
between functional status and adverse events in the post-operative setting. Identifying 
these high risk patients allows for a closer follow up and physical therapy intervention 
in an attempt to modify risk factors. The value of these potential valuable post-operative 
interventions needs to be shown in a randomized controlled setting.

Besides the functional status, the nutritional status of a patient is very important for 
a quick and successful recovery with malnutrition being highly associated with major 
adverse events in surgery patients32-35. To improve risk stratification and to personalize 
postoperative care the knowledge of how nutrition adds to the risk of adverse events 
might be valuable. In chapter 10, we showed malnutrition to be a strong indicator 
for higher risk of out-of-hospital mortality and discharge to a care facility. The current 
guidelines for AAA treatment and critical limb-threatening ischaemia mention 
malnutrition to influence wound healing and recommend referral to a dietician when 
pre-operative hypoalbuminemia exists for AAA patients15, 31. As of yet, no prospective 
randomized trial has shown any effect of such an intervention in the pre- or post-
operative setting. As we do know malnutrition is highly associated with adverse events 
especially in elderly patients and also in the critically ill, together with the results of 
our study conducting a randomized trial would be feasible and contributes to the peri-
operative risk stratification.

Multiple risk scores and risk factors have been studied and published in vascular 
surgery. The results in validation and calibration of the risk models differ greatly as well 
as the included variables but several risk models show sufficient accuracy to calculate 
mortality after treatment of ruptured or elective AAA. Risk models can be helpful for the 
clinician to use in preoperative counselling of the patient and their family. Not only can 
risk scores identify patients that would not benefit from surgery, it can also potentially 
identify patients who indeed would benefit and therefore lower turndown rates. In 
current practice few risk scores are used in daily practice due to the time investment. 
Smarter involvement of electronic patient files to implement these risk factors will 
actually make it practical and feasible to use it in daily practice. 
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In conclusion, identification of solid risk factors for adverse events after vascular surgery 
can aid in further risk stratification. This can be done prior to the operation but also 
prior to discharge as recovery and rehabilitation are not finished for a patient when 
leaving the hospital. Further risk stratification can aid in the decision making process 
whether or not to perform surgery, by counselling patients and their family providing 
information on prognostic and diagnostic factors. Combining strong risk factors into 
a risk model with good discrimination might give the most reliable and discriminative 
information for the clinician and patient. Further validation of risk factors and models 
should be performed to value the generalizability for different hospitals and countries. 
In case of modifiable risk factors, such as functional and nutritional status, based on 
the evidence we have shown randomized studies can be justified and could provide 
evidence to improve on in-hospital as well as out-of-hospital adverse events. This can 
ultimately lead to the development and implementation of more evidence based and 
tailor-made treatment plans for vascular surgery patients in the pre- and postoperative 
setting.
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