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GENERAL INTRODUCTION

Aortic Dilatation
An aneurysm is a localised, permanent dilation of an artery up to 1.5 times the normal diameter. 
Given that the normal diameter of the abdominal aorta is approximately 2.0 cm, an abdominal 
aortic aneurysm (AAA) is present when the diameter exceeds 3.0 cm, but may vary according 
to age, sex and body size. Not all abdominal aneurysms need surgery; it has been shown that 
operative repair offers no benefit in relation to rupture risk when the aneurysm diameter is 
less than 5.5 cm.(1,2) The prevalence of aneurysms of the abdominal aorta in the population is 
correlated with risk factors such as increased age, male gender, smoking and positive family 
history of AAA.(3-5) An AAA is mostly asymptomatic; most patients are unaware that they have 
an AAA.

Rupture
The main risk for patients with an AAA is rupture, and the risk increases with a larger aneurysm 
diameter.(1,6) Also, high blood pressure, smoking and fast diameter growth are associated 
with increased risk of rupture.(1,2,5,6) A ruptured AAA (rAAA) results in massive haemorrhage 
in the retroperitoneal space or abdominal cavity. The intra-abdominal blood loss results in 
hemodynamic instability and eventually decreased perfusion to major organ systems. Without 
intervention, a ruptured aneurysm of the abdominal aorta invariably leads to death.

It is difficult to diagnose an rAAA based on clinical symptoms only; many patients will die of 
massive intra abdominal haemorrhage, before reaching a hospital.(7-9) A precise determination 
of the incidence of rAAA is difficult, as some deaths from rAAA are wrongfully attributed to a 
different cause. Therefore, most studies focus on the in-hospital mortality of rAAA patients. 
However, in order to get a good estimate of the actual total mortality rate from rAAA, community 
mortality or out-hospital deaths have to be considered as well.
 
Logistics and transport
Centralisation and transport to a dedicated treatment centre has been reported to have a 
beneficial effect on mortality. The higher caseload in high-volume centres has a positive effect on 
surgical mortality (10-12). Although centralisation of care may result in longer travelling distances, 
this possible negative effect seems to be outweighed by the benefits of treatment in an expert 
center.(13) 

During transport of the patient and during assessment in the emergency room, permissive 
hypotension or controlled hypotension should be implemented. Accepting lower systolic blood 
pressures has been reported to increase survival rates for patients with traumatic haemorrhargic 
shock.(14,15) Increasing systolic blood pressure by excessive saline infusion can lead to ‘popping’ 
of a previously formed blood clot and thus further haemmorhage. Also, the restriction in saline 
infusion during controlled hypotension reduces dilution of clotting factors. There is sufficient 
evidence to suggest that these principals of trauma care have beneficial effects in patients with 
rAAA as well.(16-19)

Treatment
For patients with rAAA, two treatment options exist: the conventional open repair (OR) and 
newer, minimally invasive endovascular repair (EVAR). Withholding surgical treatment, of 
course, is an option in patients who are moribund due to severe co-morbidity.
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Open repair (OR)
In open repair, the patient is being operated on under general anaesthesia. Following a midline 
laparotomy, the retroperitoneal space is opened and the aortic bleeding is controlled by 
clamping of the aorta. Next, a vascular graft, either tube or bifurcated, is inserted. Circulation is 
restored and the abdomen closed.  

Endovascular Repair (EVAR)
Through small groin incisions, access to the common femoral arteries is created. After placement 
of guide-wires, the endovascular graft is inserted into the aneurysm. The endograft is designed 
to be fixated and to seal both proximally and distally from the aneurysm, thereby excluding the 
aneurysm in order to prevent rupture. This procedure can be performed under local anaesthesia.

In rAAA repair, open conventional surgery has been the gold standard since 1954.(20) Over the 
last decades, no improvement in mortality of open rAAA repair has been observed, despite 
improvements in both prehospital and post-surgical care.(21) The mean age of surgically treated 
patients did increase.(21) Based on data from elective repair of AAA(22), the hypothesis arose that, 
in patients with a ruptured abdominal aortic aneurysm, the use of a minimally invasive technique 
such as endovascular repair might reduce surgical mortality as compared to open surgery. 

Patient selection
Not all patients with rAAA are suitable to be treated by EVAR.(23) Both the proximal segment just 
below the renal arteries, as well as the distal iliac segment, must be suitable to accommodate 
an endograft. Moreover, other anatomical factors such as angulation, femoral access and wall 
calcifications are important for EVAR suitability. After possible ultrasound examination, anatomic 
suitability for EVAR is assessed with ct-angiography (CTA). However, some rAAA patients are too 
haemodynamically unstable to undergo CTA, and these patients will consequently be treated 
with open repair.

It is important to realise that different factors influence mortality after rAAA surgery. One of 
the most important known confounders is haemodynamic stability. Other factors such as age, 
gender and co-morbidity also have been reported to affect surgical mortality.(24-26)

Early studies on EVAR typically compared haemodynamically stable patients who were treated 
with EVAR to all patients treated with open repair. The latter group also included the very unstable 
patients. This selection bias obviously yielded results very favourable for EVAR. Mortality as 
low as 9.5%(27) after EVAR versus a 32-80% mortality after open repair was reported.(21,27,28) One 
randomised controlled trial was published and only included 32 patients.(29)

Amsterdam Acute Aneurysm Trial
To adequately compare two treatment options — endovascular repair and open repair — a 
randomised controlled trial (RCT) was needed. To properly interpret the results of the RCT, 
outcomes of all patients excluded from the RCT are needed as well. The ‘Acute Amsterdam 
Aneurysm, or AJAX Trial’ was designed accordingly.
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In the AJAX trial, the entire larger Amsterdam region cooperated to optimise inclusion and 
patient care. A weekly aneurysm service rotation schedule was implemented in which three 
experienced EVAR centres and all seven regional hospitals co-operated. All patients suspected 
of a rAAA, or diagnosed with rAAA, were directed to one of three centres. 

Only patient with severe hemodynamic instability, making transport absolutely impossible, were 
not referred. In the centre on call for that week, a multidisciplinary EVAR team was available and 
intensive care capacity was reserved for possible rAAA patients. 
Alongside the randomised comparison of EVAR and open repair, a prospective cohort of all 
patients with rAAA in the Amsterdam area was created. This cohort of over 500 patients allowed 
for analysis and correction of certain confounding factors on survival, and for assessment of the 
effectiveness of the centralisation. The data were registered during the inclusion for the AJAX 
trial and the patient cohort was used for the majority of studies in this thesis.

AIM OF THIS THESIS

- To systematically review the available literature on population-based total mortality of 
rAAA

- To assess the feasibility of a controlled hypotension protocol for patients suspected of 
rAAA

- To compare EVAR and open repair for patients with rAAA in a regional, multicentre, 
randomised, controlled trial

- To assess the effect of regional cooperation on outcomes of rAAA patients, especially 
after correcting for hemodynamic instability

- To assess feasibility of semi-automatic software to determine suitability for EVAR in 
patients with rAAA

- To assess the influence of anatomic suitability for EVAR on mortality of rAAA patients 
treated with open repair.
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OUTLINE OF THE THESIS

For Chapter 2, a systematic review of population-based studies on total mortality of rAAA was 
performed. Only studies reporting on patients in the community and in-hospital were included. 
Results are presented in chronological order and meta-analysis and meta-regression analysis 
were performed. Furthermore, the distribution and chronologic changes of fatalities outside the 
hospital, patients who did not undergo intervention, and surgically treated patients are reported. 

In Chapter 3, a retrospective analysis of the prospectively kept cohort of patients suspected 
of rAAA in the Amsterdam region is presented. A protocol for controlled hypotension was 
implemented for all patients suspected of rAAA during ambulance transport. This study focuses 
on the feasibility of the controlled hypotension protocol during transport and the possible harm 
for patients who have a final diagnosis other than rAAA. 

In Chapter 4, the primary results of the Amsterdam Acute Aneurysm Trial are presented. In a total 
of 10 hospitals, the Amsterdam ambulance services and all general practitioners participated in 
the trial, which included patients from 2004 to 2011. The Amsterdam Acute Aneurysm trial, or 
AJAX trial, is the first completed randomised study in history to compare EVAR and open repair 
for rAAA. The aim of the study is to investigate the benefits of the newer, minimally invasive 
EVAR, compared to conventional open repair. Chapter 4 focuses on the primary outcome of this 
study, the 30-day mortality rate and major complications of the randomised patients.

In Chapter 5, data is presented from the entire population-based cohort of rAAA. Along with the 
patients included in the randomised trial, all patients with rAAA in the Amsterdam region during 
the trial were registered. In chapter 5 the intervention rates and surgical mortality of hospitals 
and rAAA in the Amsterdam region are presented, the effects of the regional cooperation is 
analysed and survival-related data corrected for hemodynamic stability is presented.

In Chapter 6, the fitness of purpose of semi-automatic software for assessing EVAR-suitability 
of patients with rAAA is described. The software could help the observer in performing 
measurements to assess suitability. However, most software is designed for assessment of 
patients with non-ruptured AAA, scheduled for elective treatment. Alongside investigating the 
technical possibilities of visualising and measuring AAA with the software, the inter-observer 
agreement was studied. 

Finally in Chapter 7, the influence of anatomical suitability for EVAR on the outcome of open 
repair is assessed. The anatomy of patients treated with open repair who are considered 
suitable for EVAR differs from patients treated with open repair who are considered unsuitable 
for EVAR. This anatomic difference might be a confounding factor on the outcome after open 
surgery, and may further contribute to the reported differences between EVAR and open repair 
in observational research.
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ABSTRACT

Background - A substantial proportion of patients with a ruptured abdominal aortic aneurysm 
(rAAA) die outside hospital. The objective of this study was to estimate the total mortality, 
including prehospital deaths, of patients with rAAA.

Methods – This was a systematic review and meta-analysis following the MOOSE guidelines. The 
Embase, Medline and Cochrane library databases were searched. All population-based studies 
reporting both prehospital and in-hospital mortality in patients with rAAA were included. Studies 
were assessed for methodological quality and heterogeneity, and pooled estimates of mortality 
from rAAA were calculated with a random-effects model.

Results - From a total of 3667 studies, 24 retrospective cohort studies, published between 1977 
and 2012, met the inclusion criteria. The quality of included studies varied, in particular the 
methodology of determining the prehospital deaths from rAAA. The estimated pooled total 
mortality rate was 81% (95% CI, 78-83%). A decline in mortality was observed (p=0.002) over 
time: the pooled estimate of total mortality in high-quality studies before 1990 of 86% (95% CI, 
83 -89%), compared to 74% (95% CI, 72 to 77%) since 1990. Some 32% (95%CI, 27-37) of patients 
with rAAA died before reaching hospital. The in-hospital non-intervention rate was 40% (95% CI, 
33 to 47%), which also declined over the years. 

Conclusions - The pooled estimate of total mortality from rAAA is very high, although it has 
declined over the years. Most patients die outside hospital, and there is no surgical intervention 
performed in a considerable number of those who survive to reach hospital.
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INTRODUCTION 
 
A ruptured aneurysm abdominal aortic aneurysm (rAAA) is a condition in which acute surgical 
intervention is required to prevent death. Most relevant literature is limited to reports of survival 
of patients presenting to hospital. It is assumed that a substantial proportion of patients with an 
rAAA die outside hospital. 
To determine the total mortality of patients with rAAA, the incidence of patients dying from rAAA 
without attending a hospital has to be determined, as do the death and survival rates of patients 
who reach hospital in the same interval from the same population. Although population-based 
studies have been published, it is unclear whether there have been improvements in overall 
mortality over time. Accurate information on prehospital mortality, the non-intervention rate 
(patient who die in the hospital without undergoing surgery) and perioperative mortality is 
important in order to determine potential areas to improve survival following rAAA.
This systematic review assessed the available evidence from population-based studies; a meta-
analysis was done with the aim of estimating the prehospital mortality rate, the non-intervention 
rate and the perioperative mortality from rAAA. 

METHODS

This systematic review was conducted according to the Meta-analysis Of Observational Studies 
in Epidemiology (MOOSE) guidelines.1 

Search strategy
The MEDLINE, Embase and Cochrane databases were searched for relevant articles. A search 
strategy was constructed and executed by one investigator aided by a clinical librarian, who 
specifically searched for studies reporting on the overall, total, case, population and community 
mortality of patients with rAAA. The initial search was broad and was not restricted to year of 
publication, language, design or any other characteristics. The last search was performed in 
January 2013. The search-terms are listed in full in Appendix 1. References from relevant articles 
were searched manually to identify possible missing articles. 

Study Selection
Two independent reviewers (JJR, MJL) screened all titles and retrieved abstracts for relevant 
studies. Full text of articles were retrieved if the abstract or title suggested a description of total 
mortality of patients with rAAA or total mortality of patients with acute aortic aneurysms. 
Studies reporting both mortality of patients admitted to hospital with rAAA, and community or 
prehospital deaths from rAAA, in the same interval and population, were eligible for inclusion. 
Only studies describing an unselected, general population were included. Studies clearly 
reporting results of elective aneurysm surgery or outcomes of hospitalised patients only were 
excluded. Studies reporting on a pre-selected patient cohort and those following patients 
rejected for elective surgery were excluded. 
Multiple articles describing the same population and interval were compared for completeness. 
The most informative study was included and data were combined from other articles. Studies 
in a language other than English, French, German or Dutch combined with an unpromising title, 
were excluded at this point. Commentaries lacking original new data and reviews combining 
previously published data were excluded. 



CHAPTER 2

18

Studies reporting mixed-case series (such as thoracic, symptomatic and inflammatory 
aneurysms) were included only if a clear distinction between the different diagnoses could be 
made in the results section.  Inclusion was not limited by a minimum number of patients, or year 
of publication. In the event of doubt or disagreement between the reviewers, the full text was 
retrieved and a third observer was consulted if disagreement persisted.

Data collection and quality assessment
The same independent investigators acquired data and assessed the quality of all articles included 
using a checklist based on the MOOSE guidelines1, Newcastle-Ottowa guidelines2 and Dutch 
Cochrane Centre checklist for observational research. These guidelines are primarily designed 
for observational research of interventions and are not designed for population studies. The 
guidelines were modified to assess studies for confounding factors and study quality; higher-
quality studies were used in a sensitivity analysis. The degree of selection bias was assessed by 
the completeness of the description of the population included. Information bias was assessed 
by grading the method of identifying prehospital deaths from rAAA as well as the method of 
identifying hospitalised patients with rAAA. A full description of the criteria used is shown in 
Table 1. A total quality score was used to identify high-quality studies; defined as those with a 
score equal to or greater than the median score of all studies.

Table 1 Overview of point system used to grade included article for quality of methodology

(A) Quality of description of included population and area

2 points clear description of size and region in combination with description of 
participating centres  in region. All patients in a well-defined area included

1 point unclear or incomplete description of geographical area and its residents 
and hospitals

0 points description of either population or investigated area

(B) Quality of methodology for identifying rAAA community deaths from rAAA

2 points cause of death in the community determined mainly with autopsy (high 
autopsy-rate over 30%)

1 point cause of death in the community was determined using a combination of 
a low autopsy-rate with some form of cause of death (ICD) register.

0 points only a cause of death register/national health statistics (ICD registrar) used 
or no description given

(C) Quality of methodology for identifying patients with rAAA admitted to hospital

2 points combination of postmortem register, operation and hospital records. 
accurate description of patients treated surgically.

1 point only hospital records or operation records used in combination with a 
register/national health statistics (ICD register)

0 points only a register/national health statistics (ICD register) used or no 
description given

All articles were assessed by two observers.
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Study characteristics
If available, the total number of patients in the studied population was reported, as well as the 
year of start and duration of the study. The midpoint of the study period was calculated from 
this data. The incidence of rAAA in the region was calculated from the data and reported as rAAA 
per 100 000 inhabitants per year. Data on the number of patients diagnosed with rAAA, and 
their sex distribution and mean age were also collected if available. To indicate a source of bias 
in identifying prehospital deaths, the autopsy rate of the general population was also collected.

Outcome
The total mortality of rAAA was reported as the combined percentage of both prehospital deaths 
and in-hospital deaths of all rAAA diagnosed in the population. The mortality of rAAA was further 
specified by reporting the locations of deaths from rAAA. The number of patients with rAAA who 
died in the community before reaching hospital was specified, as well as the number of patients 
with rAAA who presented to hospital but died before undergoing surgical treatment. Finally, 
patients who underwent surgery but subsequently died were identified. Absolute numbers of 
patients from the original articles were used where possible. If the original article reported only 
percentages, the absolute number of patients was calculated based on the available data. The 
distribution of death according to location (prehospital, in-hospital without surgery, in-hospital 
with surgery) was reported as a percentage of all rAAA. The perioperative mortality was defined 
as the number of patients who died of all patients treated surgically. The non-intervention rate 
for surgery was defined as the number of patients who presented to hospital but died without 
undergoing surgery as a percentage of all those who reached hospital.

Figure 1 Flow chart showing selection of articles for review

Search of 
PubMed, Embase 
and the Cochrane 

Library
n=3667

Titles and 
abstracts
screened
n=2663

Full text reviewed
n=168

Included n=24

Duplicates excluded n=1004

Excluded based on 
title and abstract 

n=2495

Excluded n=144
  selected population n=65
  in hospital only n=48
  Incidence only n=24
  percentages only n=2
  published previously n=4
  acute aneurysms n=1
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Analysis
Heterogeneity of the total mortality rate was expressed with the I2-statistic. If I2 exceeded 50%, 
moderate (>50%) to high (>75%) heterogeneity was assumed.3 The pooled estimated mortality 
rate was calculated using a DerSimonian-Laird random-effects model. Individual and pooled 
mortality rates were expressed as a percentage with the corresponding 95% confidence interval 
(CI). A prespecified sensitivity analysis was performed by pooling the total mortality rates of 
the high-quality studies.  A metaregression analysis was carried out to analyse the influence 
of study midpoint on total mortality. This analysis was done for all studies and for high-quality 
studies only. Eggers test was used to assess possible publication bias among all studies and for 
high-quality studies only. P<0.05 was considered statistically significant. All data were analysed 
by two independent researchers with SPSS statistical software (IBM PSAW SPSS release 18.0.2), 
STATA (Stata Corp LP, College station, Texas, USA) and Statsdirect (Statsdirect, Altrincham, UK, 
version 2.7.8).
 

RESULTS

The search identified 3667 studies of which 1004 were marked as duplicates, resulting in 2663 
individual titles and abstracts that were screened for eligibility. A total of 2495 papers were 
excluded directly based on title and abstract alone. (Figure 1). Some 168 papers were reviewed in 
more depth. The majority were excluded as they reported only an in-hospital population (n=48) 
or a selected population (n=65). Of the remaining articles, an additional 31 were excluded for 
reasons shown in Figure 1. Two studies4;5 were excluded as they were duplicate publication on 
the same cohort from a different study6, but they were searched for additional methodological 
information and data on the study cohort. Twenty-four articles6-29 describing population and 
in-hospital mortality and survival of a unique cohort of patients met our inclusion criteria and 
remained for data extraction.

Quality assessment
The studies were highly heterogeneous in their design and the extent of reporting on 
methodology. The population and geographical regions were well described and well defined 
in 16 of 24 articles. The methods of identifying prehospital deaths from rAAA differed widely 
and were frequently not described extensively. Some studies reviewed only prehospital deaths 
where diagnosis was confirmed at autopsy7;14;19;23;25, whereas others determined the number of 
prehospital deaths as reported by the register of International Classification of Disease (ICD). 
Overall, the autopsy rate of the population was poorly and inconsistently described. Methods 
of identifying hospitalized patients with rAAA were well described. In most studies, operation 
registers as well as diagnosis registers and hospital records were analysed. The total quality 
score of the articles ranged from 0 to 6 (median 4) points. Thirteen (13) studies scored 4 points 
or higher and were considered high-quality studies. (Table 2) Analysis of possible publication 
bias showed a significant bias when all studies were pooled (p<0.001). No statistical publication 
bias was found among the high-quality studies (p=0.057).

 



SYSTEMATIC REVIEW ON POPULATION-BASED MORTALITY FROM RAAA

 
21

Table 2. Overview of articles reporting on total mortality of ruptured abdominal aortic aneurysm

Reference year dura-
tion  
(yrs)

midpoint 
of study

size of 
population

sex-ratio
m:f

mean /
median 
age

no. of
rAAA

incidence 
of rAAA 
(per  
100.000)

quality 
score
*

autopsy 
rate %

Rantakokko V7 1983 20 1969 140 000 na na 135 4.82 0/1/1 (2) na
Drott C8 1992 37 1971 397 000 2.89/1 74 611 4.16 2/1/2 (5) na
Armour RH9 1977 5 1975 175 000 11.5/1 na 25 2.86 2/0/2 (4) na
Bengtsson H10 1993 16 1979 237 000 2.58/1 77 215 5.67 2/2/2 (6) 85
Ingoldby CJ11 1986 10 1979 248 000 na 72 260 10.48 2/1/1 (4) na
Johansson G12 1986 1 1981 1 500 000 2.26/1 na 88 5.87 2/2/2 (6) 61
Meddings 
RN13 1991 12 1983 150 000 3.3/1 na 86 4.78 2/0/1 (3) na

Mealy K14 1988 8 1983 240 100 3.1/1 76.7 266 13.85 2/1/2 (5) na
Thomas PRS15 1988 6 1984 215 800 2.89/1 na 183 14.13 2/1/1 (4) na
Budd JS16 1989 6 1985 240 000 4.97/1 73.9 197 13.68 1/1/2 (4) na
Lindholt JS17 1995 6 1989 230 000 2.33/1 75 81 5.87 2/0/0 (2) na
Johansson G18 1994 1 1990 1 600 000 0.93/1 75 125 7.81 2/2/1 (5) 45
Semmens JB6 2000 10 1990 1 550 000 2.88/1 75.7 873 5.63 0/0/0 (0) na
Choksy SA19 1999 10 1991 370 000 5.95/1 76 139 3.76 2/1/2 (5) na
Adam DJ20 1999 7 1993 1 200 000 na 73 972 11.57 2/0/0 (2) na
Kantonen I21 1999 5 1994 5 100 000 na na 1247 4.89 1/1/1 (3) na
Heikkinen M22 2002 8 1994 430 000 5/1 73.9 221 6.42 2/0/1 (3) na
Rose J23 2001 5 1996 1 080 000 2.70/1 75 329 6.09 1/1/2 (4) na
Cassar K24 2001 8 1996 204 004 4/1 75 198 12.13 2/0/1 (3) na
Qureshi NA25 2007 15 1997 350 000 2.4/1 75 468 8.91 1/1/2 (4) na
Souza VC26 2005 4 1998 na 2.84/1 78.4 515 na 0/0/0 (0) na
Lindholt JS29 2012 14 2001 na na na 6954 na 1/0/0 (1) 15
Acosta S#27 2006 5 2003 264 000 4.64/1 77 141 10.68 2/1/2 (5) 25
Hafez H28 2009 3 2007 811 000 na na 341 14.02 2/0/1 (3) na

Overall 9 1990 307 000 14670^ 4

Values are median except ^total. If more than one population size, incidence rate, mean age or sex ratio 
was reported, an average was calculated. If not reported, the incidence was calculated from population 
size, total number of rAAA and duration of study. * Methodological score as described in table 1.; values 
are shown for each aspect (A/B/C), along with total score in parenthesis.  The score per assessed part of 
methodology is reported as well as the added total. (s) denotes an area in which a screening programme 
was in effect during the investigated period. n.a. Data not available.



CHAPTER 2

22

Study characteristics
Studies reported patient data from as early as 1952 with a median duration of inclusion of 7 
years (range 1-37 years), and were published from 1977 to 2012. A total of 14 670 patients with 
rAAA were described with a median of 218 (range 25 to 6954) per study. The median sample 
population was 307 000 inhabitants (range 140 000 - 5 100 000), residing in Finland, Sweden, 
Denmark, the United Kingdom, Australia and New Zealand. The incidence of rAAA as calculated 
ranged from 2.81 to 14.13 per year per 100 000 inhabitants per year. A screening programme 
was in effect in some of the regions studied during the study interval (table 2).

Mortality

The total mortality of patients with rAAA ranged from 67 to 94%. As heterogeneity among 
studies was very high (I2=89% (95% CI, 87 to92%)), a random effects model was used to estimate 
the total mortality, which was 81% (95% CI, 78 to 83%). (Table 2, Figure 2). When chronologically 
arranged according to midpoint of study, a decline of mortality over time was observed. The 
pooled estimated mortality of studies up to 1990 was 84% (95%CI, 81 to 87%), compared with 
a pooled estimated mortality of 78% (95% CI, 75 to 81%) in studies since 1990. Based on the 
metaregression analysis, the midpoint of study was of significant influence on total mortality 
(p=0.014) (fig 3). 

Three studies did not sufficiently describe the locations where patients with an rAAA died21;23;29. 
The distribution according to location was therefore determined from the remaining 21 studies. 
The distribution of patients dying at home or in hospital, both before surgery and after surgery, 
differed vastly and was significantly heterogeneous (Table 2). Of all patients with rAAA, 32% 
(95% CI, 27 to 37%) died in the community, without being presented at hospital. Of all patients 
presented at hospital, the pooled estimated non-intervention rate for surgery was 40% (95% CI 
33 – 47%). This corresponded with 27% (95% CI, 21 to 33%) of all rAAA patients. Of all surgically 
treated patients the pooled estimate of perioperative mortality was 53% (95% CI 48 – 59). This 
corresponded with 21% (95% CI, 17 to 24%) of all rAAA patients. The pooled estimate total 
mortality of the 21 studies was 82% (95% CI, 79 to 84%).

Thirteen studies were identified from the sensitivity analysis as high-quality studies. The pooled 
total mortality estimate of high-quality studies was 82% (95% CI, 78 to 86%)(Figure S1, appendix). 
The mortality rates of these studies varied from 73% to 94% and the study results were also 
very heterogeneous (I2=86% (95% CI, 79 to 91%). When chronologically arranged according to 
midpoint of study, a significant decline of mortality over time was observed (Table 2, Figure 3, 
Figure S1). The pooled estimated mortality of all high-quality studies up to 1990 was 86% (95%CI, 
83 to 89%), compared with a pooled estimated mortality of 74% (95% CI, 72 to 77%) in high-
quality studies since 1990. Metaregression analysis showed a significant influence of midpoint 
of study on mortality (p=0.002), Figure 3. The prehospital mortality of high-quality studies up 
to 1990 was 37% (95% CI, 28 to 47%) compared with 32% (95% CI, 17 to 49%) of studies since 
1990. The non-intervention rate for surgery up to 1990 was 46% (95% CI, 34 to 57%) compared 
with 26% (95% CI, 7 to  51%) since 1990. The pooled estimate of perioperative mortality was 
57% (95% CI, 52 to 63%) up to 1990 and 49% (95% CI, 45 to 55%) since 1990.
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Table 3 Total Mortality and total number of deaths in different circumstances

Deaths^

Reference Midpoint 
of study

Total 
number

rAAA

Prehospital 
deaths

In-hospital 
no surgery

In-hospital 
periopera-

tive

Total 
deaths

Non-inter-
vention 

rate

Periopera-
tive 

mortality 

Total
 mortality  
% (95%CI)

Rantakokko V7 1969 135 24 (18) 46 (35) 41 (30) 111 41 63 82 (75 to 88)
Drott C8 1971 611 145 (24) 282 (46) 116 (19) 543 61 63 89 (86 to 91)

Armour RH9 1975 25 11 (44) 9 (36) 1 (04) 21 64 20 84 (64 to 95)
Bengtsson H10 1979 215 91 (42) 63 (29) 35 (16) 189 51 57 88 (83 to 92)
Ingoldby CJ11 1979 260 92 (35)* 65 (25)* 49 (19)* 208 39 49 80 (75 to 85)

Johansson G12 1981 88 24 (27) 51 (58) 8 (09) 83 80 62 94 (87 to 98)
Meddings RN13 1983 86 11 (13)* 25 (29)* 30 (35)* 67 34 61 78 (68 to 86)

Mealy K14 1983 266 169 (64)* 18 (07)* 48 (18)* 236 19 62 89 (84 to 92)
Thomas PRS15 1984 183 64 (35) 44 (24) 41 (22) 149 37 55 81 (75 to 87)

Budd JS16 1985 197 62 (31) 47 (24) 60 (30) 169 35 68 86 (80 to 90)
Lindholt JS17 1989 81 37 (46) 22 (27) 8 (10) 67 50 36 83 (73 to 90)

Johansson G18 1990 125 46 (37) 28 (22) 21 (17) 95 35 41 76 (68 to 83)
Semmens JB6 1990 873 379 (43) 211 (24) 102 (12) 692 43 36 79 (76 to 82)
Choksy SA19 1991 139 54 (39) 24 (17) 32 (23) 110 29 51 79 (71 to 86)
Adam DJ20 1993 972 219 (23) 413 (42) 138 (14) 770 55 41 79 (77 to 82)

Kantonen I21 1994 1247# 237 (19) na na 1002 na na 80 (78 to 83)
Heikkinen M22 1994 221 50 (23) 60 (27) 60 (27) 170 31 54 77 (71 to 82)

Rose J23 1996 329# na na na 233 na na 71 (66 to 76)
Cassar K24 1996 198 32 (16) 57 (29) 44 (22) 133 34 40 67 (60 to 74)

Qureshi NA25 1997 468 201 (43) 24 (05) 125 (27) 350 9 51 75 (71 to 79)
Souza VC26 1998 515 163 (32) 100 (19) 195 (38) 458 28 77 89 (86 to 92)

Lindholt JS29 2001 6954# na na 1454 (20) 5260 na 47 76 (75 to 77)
Acosta S#27 2003 141 23 (16) 51 (36) 29 (21) 103 43 43 73 (65 to 80)

Hafez H28 2007 341 113 (33) 95 (28) 77 (23) 285 42 58 84 (79 to 87)

Pooled point 
estimate

32%
(27,37)

27%
(21, 33)

21%
(17 ,24)

40% 
(33,47)

53%
(48,59)

81%
(78 ,83)

Heterogeneity 
(I2) 95% 96% 91% 95% 95% 89%

Values in parenthesis are ^percentage of all ruptured abdominal aortic aneurysms (rAAA) and 95% 
confidence intervals. Studies are sorted according to midpoint year of study. * Summed total number of 
patients does not equal reported number of patients in study. #Study did not adequately report location of 
death of patients with rAAA, and was not used to calculate the point estimate for mortality according to 
location. na denotes not available.
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Figure 2. Total mortality of included studies

Total mortality in all included studies of ruptured abdominal aortic aneurysm. Studies are listed according 
to the midpoint of the study interval. The point estimate of total mortality for eacht study and the pooled 
estimate are shown with 95 per cent confidence intervals. (CI). A random-effects model was used.
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DISCUSSION

This meta-analysis showed a pooled point estimate for total mortality for all rAAAs of 81 (78 
to 83) per cent. Overall mortality has declined significantly over the years; this is especially 
clear in the high-quality studies (Fig. 3). An important finding of the systematic review is that 
approximately 32 per cent of all people with an rAAA die before reaching hospital. Pooling of the 
studies shows that 40 per cent of patients who reach hospital die without undergoing surgery. 
Although it is obvious that much effort should be put into improving perioperative mortality to 
improve the prognosis of patients with rAAA, there are also other significant opportunities for 
improvement in the prehospital phase and in the intervention rate. It is difficult to reduce the 
proportion of patients who die in the prehospital phase without any medical intervention.

Figure 3 Metaregression analysis

Metaregression analysis of total mortality in a all studies and b high-quality studies. Each study is 
represented by a circle, with size according to number of included patients. The regression line is plotted. 
The regression analysis studied the influence of midpoint of the study interval on total mortality. a p=0.014, 
b p=0.002

A screening programme was in effect in certain studies in this meta-analysis. Screening 
programmes could result in a lower rate of rAAA and therefore subsequent mortality30. A 
screening programme can result in increased awareness of rAAA and might lead to better 
outcome. 

a all studies

b high-quality studies
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A screening programme alone, however, will not improve the chances of survival of a patient 
once rupture has occurred, and changes in the structure of care, both before and in hospital, are 
required to reduce mortality further.
Ways to improve care include a policy of permissive hypotension, or controlled hypotension until 
bleeding can be controlled surgically.31,32 Results could also be improved by centralizing hospital 
care for patients with a suspected ruptured aneurysm. Centralization means that patients are 
transported immediately to a high-volume, dedicated expert centre. The longer transport time 
to a vascular centre does not seem to have a negative influence on survival for reasons such as 
lower turn-down rates, availability of special skills and infrastructure28.

A total of 40 per cent of patients who reached hospital were not treated surgically. Although 
some patients with rAAA decline surgical treatment because of advanced age or co-morbidity, 
this proportion remains significant. The fall in non-intervention rate from 46 per cent up to 1990 
to 26 per cent since then goes some way towards explaining the improved survival from rAAA. 
As the included studies did not specifically evaluate non-intervention rates, most did not report 
the reasons for withholding treatment. Without details of haemodynamic stability, resuscitation 
rates, co-morbidity and age, considerations regarding patient selection for surgery or change 
thereof remain speculative. A few studies reported that patients presented to hospitals without 
a vascular unit and were therefore not operated on. Round-the-clock availability of vascular 
surgeons and interventional radiologists is likely to improve outcomes from rAAA. Direct 
availability of computed tomography angiography for preoperative assessment could also 
contribute to improved results.
This meta-analysis showed a pooled perioperative mortality rate of approximately 53 per cent, 
which is high compared with contemporary results33-35. Although the analysis showed that 
perioperative mortality is of limited influence, a reduction in perioperative mortality will lower 
total mortality. New surgical techniques such as endovascular aneurysm repair are devoted to 
reducing perioperative mortality. The results of the recently published Amsterdam Aneurysm 
Trial show that an overall regional 30-day perioperative mortality rate of 30 per cent for rAAA 
can be achieved with a centralized approach36.

The present study has some inherent limitations, mostly as a result of information bias. There 
was significant heterogeneity in the methodology used to determine the number of prehospital 
deaths from rAAA. Registration of patients dying from rAAA outside hospital is inaccurate37,38. 
Not every death from rAAA in the community is identified as such38. Fewer post-mortem 
examinations are conducted for community deaths39,40. Without a complete autopsy rate for 
all sudden deaths in the community, identifying prehospital deaths from rAAA is inaccurate41-43. 
High-quality studies combining results of high autopsy rates (over 30 per cent) and national 
statistics registries were uncommon.
The observed lower total mortality rate in recent decades could represent shifting methodology 
in identifying and registering patients with rAAA. This could be a result of several different 
parameters such as: increased awareness of the disease, changes in infrastructure and diagnosis, 
or even decreased smoking habit44. Based on the present data it is difficult to determine the 
exact cause of decreased mortality over time, which is likely to be due to a combination of 
different preoperative and perioperative factors.
Most studies dated from before the endovascular era, which may limit their applicability to 
contemporary practice. Finally, approximately half of the studies were carried out in the UK, 
and the rest in Australia, Denmark, Sweden and Finland with different infrastructure, population 
density and rAAA protocol, which may limit the generalizability of these results to other regions.
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ABSTRACT 

Objective -To evaluate a controlled hypotension protocol for patients suspected of a ruptured 
aneurysm of the abdominal aorta (rAAA) and to identify possible harm to patients with a final 
diagnosis other than rAAA.

Design - Retrospective analysis of patients suspected of rAAA and transported by Amsterdam 
ambulance services between Jan 2006 and Oct 2007.

Methods  - Protocol was assessed by reviewing systolic blood pressure (<80mmHg, 80-100mmHg 
or >100mmHg), administered fluid volume and verbal responsiveness during transport. Patients 
that could possibly have been harmed by controlled hypotension were identified by final 
diagnoses.

Results - Fluid administration was according to protocol in 220 of 266 patients analyzed for 
protocol adherence. The remaining patients received too much (21 patients) or too little fluid 
(25 patients). Data was missing in 29 patients. A rAAA was diagnosed in 81 (27%) of all 295 
patients analyzed for final diagnosis. Controlled hypotension was achieved in 10% of all patients 
and in 17% of patients with rAAA. Three patients (1%) with diagnosis other than rAAA were 
possibly at risk by implementing controlled hypotension 

Conclusions - Protocol was followed in 83% and protocol violations occurred in 17% of patients. 
The risk of implementing controlled hypotension for all patients suspected of a rAAA by the 
ambulance staff was low.
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INTRODUCTION 

Rupture of an abdominal aortic aneurysm is associated with an overall mortality of 80-90%.1,2 
Patients with a ruptured aneurysm of the abdominal aorta (rAAA) are typically in hemorrhagic, 
hypovolemic shock. Hypovolemic shock is treated by administering intravenous fluids. However, 
in aggressive intravenous fluid administration, the red blood cell count, platelet count and 
clotting factors and thus coagulation and oxygen delivery will decrease due to dilution.3-6 
Restricting fluid resuscitation and accepting lower systolic blood pressures, until hemorrhage 
is controlled, is key in these patients. This is called controlled or permissive hypotension. The 
positive effect of controlled hypotension was demonstrated in animal studies and in patients 
with blunt and penetrating injuries.3-6 Controlled hypotension is beneficial for patients with 
ruptured aneurysms and is thought to improve survival rate.7-11

The Amsterdam Acute Aneurysm or AJAX Trial is a multi center randomized trial (ISRCTN 
66212637), designed to compare conventional open repair with endovascular repair for patients 
with a proven rAAA.12  In this trial we also register all patients in the Amsterdam region (1.3 
million inhabitants) that are suspected of a rAAA in a prospective database.12 These patients are 
transported to one of three trial centers for evaluation and possibly treatment.12 Because of this 
regionalisation, transport times may be extended.
To optimize conditions for patients with a rAAA during transport, a protocol for controlled 
hypotension was designed in which a target systolic blood pressure of 80-100 mmHg was 
chosen for all patients suspected of rAAA.12 However, not all patients suspected of rAAA in the 
ambulance, are diagnosed with rAAA. Patients with a final diagnosis other than rAAA are also 
treated according to the controlled hypotension protocol before a diagnosis is made. In these 
patients, delaying fluid resuscitation might have been harmful.13,14

The aim of this study is to evaluate our existing protocol of controlled hypotension for patients 
suspected of rAAA in the ambulance and to determine if, based on the final in-hospital 
diagnosis, patients with final diagnoses other than rAAA were potentially harmed by controlled 
hypotension.

METHODS

Patient selection
Patients were selected from the cohort of patients with suspected rAAA from the Amsterdam 
Acute Aneurysm trial. We retrospectively reviewed all patients suspected of rAAA being 
transported by the Amsterdam ambulance services between January 1st 2006 until October 
10th 2007. Based on the suspicion of rAAA, all these patients should have been exposed to the 
controlled hypotension protocol. Patients referred from other hospitals, patients that were not 
presented by regional ambulance service and patients with a suspicion other than rAAA before 
presentation, were not exposed to our controlled hypotension protocol and were excluded from 
this analysis.
Parameters retrieved from the ambulance ride registration forms were: systolic blood 
pressure, administered volume of fluid, verbal unresponsiveness and necessity for intubation 
or cardiopulmonary resuscitation (CPR). The interval between arrival at the patient and arrival 
at the hospital was the time in which controlled hypotension could be applied and was also 
reviewed. Patients finally diagnosed as rAAA were analyzed as a subgroup.
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Protocol adherence
According to our protocol, the target systolic blood pressure of patients suspected of rAAA is 80-
100 mmHg. All patients are allowed standard intravenous drip. A fluid challenge is allowed if the 
blood pressure is below 80mmHg or if a patient is verbally unresponsive. Fluid administration 
should be restricted when a blood pressure of 80-100mmHg is achieved. In patients with a blood 
pressure >100mmHg, no active blood pressure lowering is performed but fluid administration 
should be restricted.
Patients were subdivided according to systolic blood pressure at presentation; <80 mmHg, 
80-100mmHg and ≥100mmHg. We then assessed if systolic blood pressure remained stable, 
increased or decreased by comparing first recorded blood pressure with last recorded blood 
pressure. If only one blood pressure was known, patients were considered stable at that 
particular blood pressure. We reviewed the total volume of administered intravenous fluid and 
assessed if this was according to protocol. The volume was reported by the number of 500ml 
bags of fluid used. Volume administration up to 500ml was allowed in all patients and seen as 
part of the standard intravenous drip. Fluid administration of more than 500ml was considered 
a fluid challenge.
We assessed if protocol was followed and if patients in whom the blood pressure remained 
<80mmHg or decreased to less than 80 mmHg had received a proper fluid challenge. We also 
assessed if patients with a final blood pressure of >100mmHg were indeed restricted in fluid 
administration. A fluid challenge was always allowed if the final blood pressure of patients was 
between 80-100mmHg. All verbally unresponsive patients were also allowed a fluid challenge 
disregarding their blood pressure. We considered a patient to be controlled hypotensive if the 
final blood pressure was between 80-100mmHg and the patient was verbally responsive.

Diagnoses and possible harm
To identify patients that could possibly be harmed by controlled hypotension, final diagnoses of all 
patients exposed to our controlled hypotension protocol were identified from emergency room 
files and correspondence. Patients with diseases other than rAAA known to induce shock and 
possibly requiring treatment by fluid resuscitation, were reviewed for presence of hypotension 
and fluid restriction. These patients could have been harmed by controlled hypotension. The 
possible harm was expressed as mortality of this sub group of patients. Since the Amsterdam 
aneurysm trial is an ongoing trial, data on mortality of patients diagnosed rAAA can not be 
released. 

RESULTS

The patient cohort for the Amsterdam acute aneurysm study registered 295 patients with a 
suspected rAAA that were transported by regional ambulance services between January 1st 
2006 until October 10th 2007. Patient characteristics show a mean age of 71.9 years (SD 11.5) 
with a male predominance of 74.3%. Of 29 patients data were missing because blood pressure 
readings were not recorded during transport (13) or because ambulance ride registration forms 
could not be retrieved (16). The remaining 266 patients were reviewed for protocol adherence 
during transport. Final diagnoses were analysed in all 295 patients. The mean time between the 
ambulance arriving at the patient and arriving at the hospital was 31.5 minutes (CI: 30.1 – 32.9 
min).
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Systolic blood pressure (n=266)
Initially, as measured by the ambulance staff, 41 patients (15%) had a systolic blood pressure of 
<80mmHg, 36 patients (14%) had a systolic blood pressure of 80-100mmHg and 189 patients 
(71%) had a systolic blood pressure of ≥100mmHg. (Table 1)
Of those patients presenting with a blood pressure <80mmHg, the pressure remained <80 
mmHg in 24 patients and increased to >80mmHg in 17 patients (80-100mmHg in 7 patients and 
to >100mHg in 10 patients). Of those 24 patients with persisting low blood pressure (<80mmHg) 
12 were verbally unresponsive of which 10 needed CPR and 8 were intubated. Six of these 24 
patients died before or during transport. CPR was applied in 4 out of the 17 patients in whom 
the blood pressure rose to >80mmHg afterwards.
Thirty-six patients presented with an initial blood pressure of 80-100mmHg. Blood pressure 
decreased to <80mmHg in 3 patients, remained stable at 80-100mmHg in 16 patients and 
increased to >100mmHg in 17 patients. One of the patients in whom the blood pressure had 
dropped was intubated precautionary because of a brief period of unresponsiveness. Two other 
patients out of these 36 patients were verbally unresponsive for a longer period of time.
One-hundred-and-eighty-nine patients presented with an initial blood pressure of >100mmHg. 
Blood pressure decreased to <80mmHg in 8 patients, to 80-100mmHg in 6 patients and 
remained >100mmHg in 175 patients. Four of the patients in whom blood pressure dropped 
became unresponsive during transport and CPR and intubation were necessary in three of these 
four patients.
Thirty-five patients had a final systolic blood pressure <80mmHg, 29 patients had a final blood 
pressure of 80-100mmHg and 202 patients had a final blood pressure >100mmHg. Of all 29 
patients with a final blood pressure between the target values of 80-100mmHg, 27 patients 
were verbally responsive, therefore they could be considered “controlled hypotensive”. This 
represents 10% of all patients analysed for protocol adherence.

Protocol adherence (n=266)
One-hundred-and-thirteen patients did not receive any intravenous fluids, 113 patients received 
<500ml, 28 patients received a fluid challenge between 500-1000ml and 12 patients received a 
fluid challenge of >1000ml. 
Based on the blood pressure alone, fluid administration was according to protocol in 218 
patients (82%), 23 patients (9%) received a fluid challenge despite sufficient blood pressures 
and 25 patients (9%) did not receive a fluid challenge despite their final blood pressure of less 
than 80 mmHg. 
When taking the clinical condition of the patients into consideration, it appears that out of 23 
patients who received a fluid challenge despite adequate blood pressure, two were verbally 
unresponsive thereby justifying the fluid challenge. So based on both clinical status and blood 
pressure, 220 patients (83%) were treated according to protocol and 46 patients (17%) were not. 
Additionally, 12 out of 25 patients that did not receive a fluid challenge despite a low systolic 
blood pressure were responsive and hemodynamically stable with a blood pressure just below 
80mmHg. In another 6 patients with a final systolic blood pressure <80mmHg, attempts to obtain 
peripheral intravenous access were unsuccessful so no fluid challenge could be administered. 
(table 1).
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All patients (266) suspected of rAAA during transport by regional ambulance and analyzed for protocol 
adherence are displayed. Patients are divided horizontally according to systolic blood pressure (SBP) at 
presentation and final SBP. 
Vertically, a division is made between patients with a total volume administered of <500ml and >500ml. 
Protocol violation by administering a fluid challenge when not indicated are marked as (+). Protocol 
violations made by restricting fluid with low blood pressures are marked as (-). Patients where fluid 
challenge was justified because of verbal unresponsiveness, despite sufficient blood pressure, are marked 
(+u) Absolute numbers of verbally unresponsive patients, patients where CPR or intubation was necessary 
are displayed in the final 3 vertical columns.

Table 1; Systolic blood pressures and fluid administration 

initial SBP final SBP <500ml >500ml verbally 
unresponsive CPR intubated

<80mmHg  
n=41

<80mmHg  
n=24 19(-) 5 12 10 8

80-100mmHg 
n=7 5 2 1 1 -

>100mmHg 
n=10 6 3(+) 

1(+u) 4 3 3

80-100mmHg 
n=36

<80mmHg  
n=3 2(-) 1 - - 1

80-100mmHg 
n=16 12 4 1 - -

>100mmHg 
n=17 12 4(+)

 1(+u) 1 - -

>100mmHg 
n=189

<80mmHg  
n=8 4(-) 4 4 3 3

80-100mmHg 
n=6 5 1 - - -

>100mmHg 
n=175 161 14(+) - - -

total 266 226 40 23 17 15
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Final diagnoses and possible harm (n=295)
A rAAA was diagnosed in 81 patients, which is 27% of all patients exposed to our controlled 
hypotension protocol. Another 29 patients were diagnosed with other acute aortic pathology 
such as symptomatic abdominal aortic aneurysm (17), symptomatic thoraco-abdominal aortic 
aneurysm (4) or acute aortic dissection (4). Other diagnoses varied and were grouped according 
to organ system. (Table 2). Fifteen patients died before a diagnosis could be established and no 
post-mortem examination was performed. In 5 of these 15 patients an rAAA was excluded by 
ultrasonography. Of 37 patients no specific diagnosis could be retrieved from the ambulance or 
hospital registration systems.
In 22 patients we registered a final diagnosis, other than acute aortic pathology, that could induce 
hemodynamic shock. Common final diagnoses among these patients were acute pancreatitis 
(7), gastrointestinal perforation (4) and acute cholecystitis (4). Of these 22 patients, 4 were 
hypotensive at some stage during transport. Three of these 4 patients were also restricted in 
fluid administration. One of these last three patients, diagnosed with severe acute pancreatitis, 
died within 24 hours after admission. Two other patients out of 22 died within 24 hours. Both 
these patients were hemodynamically stable with blood pressures >100mmHg during transport.
It is possible that some of the 15 patients that died before a diagnosis was made were also 
suffering from a disease other than rAAA known to induce hemodynamic shock, and were thus 
possibly harmed by controlled hypotension protocol. The majority of these patients (10/15) was 
in deep hemodynamic shock upon arrival of the ambulance and 5 of them died after unsuccessful 
CPR before transport. Intravenous access was not obtained in all 5 of these patients.

 

Final diagnoses of patients suspected of rAAA and transported by regional ambulance services. Diagnoses 
are grouped according to organ system. Neurological and systemic diagnoses are grouped together

Table 2 Diagnoses in order of frequency

diagnosis                         n percentage

acute aortic 
pathology

rAAA 81           
27.5%

37.3%symptomatic 
AAA 17   5.7%

other 12  4.1%

gastrointestinal 51 17.3%

non-specific pain 23   7.8%

neuro/sytemic 21 7.1%

hepatobiliary 18 6.1%

renal/urogenital 13 4.4%

cardiac 7 2.4%
died before 
diagnosis 15 5.1%

no specific 
diagnosis 37 12.5%

total 295      100%
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rAAA (n=81)
In total; 81 patients were diagnosed with a rAAA and exposed to our controlled hypotension 
protocol. Seventeen patients had a final systolic blood pressure <80mmHg, in 13 patients 
blood pressure was in the target range of 80-100mmHg. In 11 patients the pressure rose to 
>100mmHg during transport and 30 patients had a stable blood pressure >100mmg. No blood 
pressure readings were recorded in 4 patients, ambulance registration forms were not retrieved 
in 6 patients with proven rAAA. Seven of 81 patients diagnosed with rAAA needed CPR during 
transport of which one of these 7 was stabilized quickly; the other 6 patients were intubated. In 
total 8 patients were verbally unresponsive during transport. 
Protocol adherence could be analyzed in 71 patients of whom blood pressure recordings 
were available. A protocol violation by withholding a fluid challenge despite a blood pressure 
<80mmHg was made in 11 patients. Seven patients were administered a fluid challenge despite 
adequate blood pressures. In total 18 protocol violations (25%) were made in patients diagnosed 
rAAA, Protocol was followed in the remaining 53 patients (75%). 
Of the 13 patients with a final blood pressure of 80-100, 12 patients (17%) were verbally 
responsive and stable, they were considered controlled hypotensive.

DISCUSSION

The majority (71%) of patients exposed to controlled hypotension protocol during transport and 
analyzed for protocol adherence, was presented with a systolic blood pressure of ≥100mmHg. 
In our protocol we do not provide for active medical blood pressure reduction. The result is 
that controlled hypotension according to our protocol is not a realistic goal in most patients 
suspected of rAAA in the Amsterdam region. Based on the final blood pressure, only 10% of 
all patients (27/266) and 17% of patients diagnosed rAAA (12/71) can be categorized as truly 
controlled hypotensive according to our criteria.
The high percentage of normotensive patients in the entire group is probably explained by the 
fact that in all 295 patients only 81 (27%) suffered from a rAAA and a combined 110 (37%) 
from acute aortic pathology. Although the diagnostic accuracy of 27% for true rAAA is low, it 
does represent the actual situation of patients transported by Amsterdam ambulance where the 
clinical diagnosis possible rAAA is made. It is likely that the ongoing multicentre aneurysm trial 
in our region has increased awareness of the ambulance staff for possible rAAA. This could have 
decreased diagnostic accuracy.
Overall, controlled hypotension protocol was followed in 83% of all patients and in 75% of patients 
diagnosed with rAAA. Of course, protocol violations should always be avoided. More protocol 
violations were observed by withholding a fluid challenge to patients than by administering too 
much fluid. However 12 of these 25 patients remained verbally responsive and stable. They 
might have had sufficient blood pressures although their blood pressures were below the target 
range we specified. In another six patients no intravenous access was obtained due to extensive 
hemodynamic shock and therefore these protocol violations were difficult to prevent.
A total of 113 patients did not receive any intravenous fluids. For patients with a suspected 
rAAA, an intravenous drip as a precaution is advisable. We did not review presence of 
intravenous access itself, only the volume of fluid administered. Most of the patients that were 
not administered any fluid were hemodynamically stable with a blood pressure of >100mmHg. 
It is possible these patients were administered so little fluid this was not registered on the 
ambulance ride registration forms.

Table 2 Diagnoses in order of frequency

diagnosis                         n percentage

acute aortic 
pathology

rAAA 81           
27.5%

37.3%symptomatic 
AAA 17   5.7%

other 12  4.1%

gastrointestinal 51 17.3%

non-specific pain 23   7.8%

neuro/sytemic 21 7.1%

hepatobiliary 18 6.1%

renal/urogenital 13 4.4%

cardiac 7 2.4%
died before 
diagnosis 15 5.1%

no specific 
diagnosis 37 12.5%

total 295      100%
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The ideal systolic blood pressure for patients with rAAA is not known and probably depends 
on co-morbidity and individual history.8 If a patient remains conscious and has no signs of 
ischemia, blood pressure is believed to be sufficient.8 In other studies lower target values for 
systolic blood pressure are described.7,9,15 For practical reasons we chose 80-100 mmHg as target 
value for ambulance personnel. We believe that this is a target range that can be achieved in 
most patients without jeopardising those patients with other diagnoses than rAAA that might 
be harmed by low blood pressures. With our protocol we intended to endorse a less aggressive 
fluid resuscitation policy in normotensive patients. With only 12 patients administered >1000ml 
we seem to have achieved that goal.
Several other studies describe active lowering of blood pressure to reach the target range by 
medication such as nitroglycerine or esmolol.9,15 However, because of the high percentage of 
patients diagnosed with a different disease in our series, we question the applicability and safety 
of this policy for all patients suspected of rAAA in the ambulance. 

Because of the small number of patients at risk, the possible harm by controlled hypotension for 
patients with other final diagnoses than rAAA was difficult to objectify. Of those patients with a 
final diagnosis other than rAAA that could possibly induce shock, only a small number (4) was 
actually hypotensive and even a smaller number (3) was also restricted in fluid administration. 
One of these patients died within a day after admission. It cannot be ruled out that aggressive 
resuscitation in this patient could have had beneficial effects. Fifteen patients died before a 
diagnosis was made. It is possible some of these patients suffered from a disease that would 
have benefitted from aggressive resuscitation. We can only assume the real harm done by 
implementing controlled hypotension in all patients suspected of rAAA is very low. A longer 
duration of transport might increase the possible harm.
In order to even lower the possible harm, a higher accuracy of suspicion could be achieved by 
implementing evaluation with ultrasound in an early stage. Several studies report the usefulness 
of an on-board ultrasound.16,17 This could lead to a higher accuracy and thus more adequate 
treatment including medical treatment of hypertension in the prehospital environment.
 
Because this is a retrospective study, the precise relation of infused fluid and blood pressure 
is difficult to analyse. Also, the retrospective interpretation of hemodynamic instability and 
necessity for fluid administration from an ambulance form is difficult. In 37 patients no specific 
diagnosis was made or recorded. It is not likely any of these patients suffered from serious 
illness, otherwise more data would be recorded. It is however possible that some of 10 patients 
that died before diagnosis without ruling out an AAA indeed had a rAAA.

In conclusion; controlled hypotension protocol was followed in 83% and protocol violations 
occurred in 17% of all patients transported with possible rAAA. True controlled hypotension 
was achieved in only 10% (27/266) of all patients and in 17% (12/71) of patients diagnosed with 
rAAA. The diagnostic accuracy of the ambulance staff for rAAA was 27% (81/295). Half of the 
patients with rAAA were hemodynamically stable with final blood pressures >100mmHg. Based 
on final diagnoses, the risk of implementing controlled hypotension for all patients suspected of 
a rAAA by the ambulance staff was low. 
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ABSTRACT

Objective - Randomized comparison of endovascular repair (EVAR) with open repair (OR) in 
patients with a ruptured abdominal aortic aneurysm (rAAA).

Background Data - In spite of advances in operative technique and perioperative management 
rAAA remains fraught with a high rate of death and complications. Outcome may improve with 
a minimally invasive surgical technique: EVAR

Methods - All patients with a rAAA in the larger Amsterdam area were identified. Logistics 
for rAAA patients was changed with centralization of care in three trial centers. Patients both 
fit for EVAR and OR were randomized to either treatment. Non-randomized patients were 
followed in a prospective cohort. Primary endpoint of the study was combined death and severe 
complications at 30 days. 

Results - Between April 2004 and February 2011, we identified 520 patients with a rAAA of 
which 116 could be randomized. The primary endpoint rate for EVAR was 42% and for OR 47% 
(absolute risk reduction (ARR) 5,4% 95% CI; -13 to +23%) The 30 day mortality was 21% in patients 
assigned to EVAR vs. 25% for OR (ARR 4,4 % 95% CI; -11 to +20%). The mortality of all surgically 
treated patients in the non randomized cohort was 30% (95% CI: 26-35%) and 26% (95% CI; 20 
to 32%) in patients with unfavorable anatomy for EVAR, treated by OR in trial centers, 

Conclusion - This trial did not show a significant difference in combined death and severe 
complications between EVAR and OR. Mortality for OR both in randomized patients and in 
cohort patients was lower than anticipated which may be explained by optimization of logistics, 
preoperative CT imaging and centralization of care in centers of expertise. 
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INTRODUCTION

A ruptured aneurysm of the abdominal aorta (rAAA) is a potentially lethal condition for which 
immediate surgical intervention, traditionally by open repair (OR), is required. A meta-analysis 
has shown mortality of OR for rAAA to be 48.5%1. Endovascular Aneurysm Repair (EVAR), a 
minimally invasive technique, could potentially reduce this mortality rate2, 3. Support for this 
hypothesis comes from observational and population-based studies of OR versus EVAR in 
patients with rAAA 4-6. The only study that randomized between OR and EVAR was terminated 
after randomizing 32 patients7. The current Amsterdam Acute Aneurysm Trial was designed with 
the hypothesis that EVAR would reduce mortality and severe complications when compared 
with open surgery for treating rAAA. 

METHODS

Patients
In this regional multicenter randomifzed controlled trial we included patients with rAAA who 
were suitable for both EVAR and OR from April 8, 2004 to February 16, 2011. The study was 
conducted across the greater Amsterdam region (1.24 million inhabitants, 10 hospitals)8 in which 
three Amsterdam hospitals, two academic medical centers, AMC and VUMC, and one teaching 
hospital, OLVG, referred to as the trial centers, provided alternating round-the-clock rAAA 
service. These three centers were experienced in both elective and acute EVAR of abdominal 
aortic and thoracic aortic pathology. All other seven regional hospitals agreed to participate in 
the trial by transferring patients suspected of an rAAA to one of the trial centers if possible, and 
by providing data on all patients who presented with an rAAA. Patients suspected of having an 
rAAA were taken to the trial center on call while a protocol of controlled hypotension was applied 
by both the ambulance services and emergency room staff9. Eligible patients were recruited 
from all patients suspected of a rAAA presented to the trial centers. After initial resuscitation by 
hospital staff (nurses, anesthesiologists and surgeons) abdominal ultrasound and/or Computed 
Tomographic Angiography (CTA) was done to either confirm or reject the diagnosis of rAAA. 
After diagnosis, anatomical suitability for EVAR based on CTA and clinical suitability for OR was 
documented by both the vascular surgeon and the radiologist. Patients suitable for both EVAR 
and OR were randomized. Patients with conditions that did not allow for CTA or either OR or 
EVAR were excluded from randomization (Table 1, inclusion and exclusion criteria). All patients 
in the trial region with proven rAAA were included in a prospective parallel cohort. 

Study Design
This was a randomized study with an equally balanced parallel group design. The randomization 
sequence was generated by an independent clinical research unit using ALEA software for 
randomization in clinical trials10 with a 1:1 allocation using random block sizes of 4 or 6, stratified 
for each participating center. Allocation was concealed using sequentially numbered opaque 
sealed envelopes. These envelopes, present in the emergency rooms at the trial centers, were 
opened by the surgeon after inclusion and prior to transport to the operating room.
Since rAAA constitutes an immediate threat, preoperative informed consent from the patients 
could not usually be obtained11. Alternatively, in compliance with Dutch law, written informed 
consent was obtained from the patients’ relatives where possible. Finally, following recovery, 
patients were asked for their written consent to continuing participation in the trial. The study 
was approved by the Dutch national regulatory authority and the ethics committees of the 
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participating trial centers. Data were recorded on case record forms by the vascular surgeon 
and confirmed by the primary researcher using source data. Double database entry and analysis 
were performed in order to minimize errors. An endpoint adjudication committee, blinded with 
respect to treatment assigned and treatment received, assessed and graded all complications 
for primary endpoints. Disagreements were discussed and resolved at a consensus meeting. An 
independent data safety committee reviewed deaths and severe complications every 4 months 
to ensure safe patient recruitment. No interim analyses for efficacy were performed. All the 
authors vouch for the accuracy and completeness of the data and data analysis. 

Table 1

Inclusion criteria

Male/female aged >18 years
With a clinical diagnosis of ruptured abdominal aortic aneurysm
With an aneurysm accompanied by acute hemorrhage outside
 the aortic wall on CTA
Patients is suitable for endovascular treatment
Patient is suitable for conventional open repair

Anatomic suitability
Suitable infra renal anchoring segment

A minimum length of the infra renal segment of at least 10-15mm
An infra renal diameter of 20-32mm
No obstructing calcifications, tortuosity or thrombus

Suitable iliac anchoring segment
An ipsilateral iliac diameter of 8-18mm
A contralateral iliac diameter of 10-20mm
At least one iliac artery should be able to accommodate an endograft
No obstructing calcifications, tortuosity or thrombus

Exclusion criteria
Extension of the aneurysm to juxta- or suprarenal aorta
Kidney transplant
Horseshoe kidney
Allergy to intravenous contrast 
Connective tissue disease
Severe hemodynamic instability prohibiting CTA 

Intervention
For patients assigned to EVAR we chose a technique that results in fast and easy exclusion of 
the rupture by using an aorto-uni-iliac endograft and a contra lateral iliac occluding device, 
preferably inserted under local anesthesia. A femoral-femoral crossover bypass graft was then 
inserted. We initially used the Talent unilateral graft (Medtronic AVE Europe) then later the 
Endurant aorto-uni-iliac graft (Medtronic BV, Heerlen), both with contra lateral iliac occluder 
and femoro-femoral crossover bypass (either Polyester or expanded Polytetrafluoroethylene). If 
required, an aortic occlusion balloon was used prior to insertion of the endovascular graft. The 
surgical treatment of patients assigned to OR comprised midline laparotomy and exclusion of 
the ruptured aneurysm by either a polyester tube or a bifurcated graft.

Study endpoints
The primary endpoint was the composite of death and severe complications at 30 days after 
intervention. Complications were graded according to the guidelines of the Society for Vascular 
Surgery/International Society of Cardiovascular Surgery12, 13 Severe complications were defined 
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as severe cardiac complications (severe hemodynamic dysfunction necessitating resuscitation, 
cardiac arrest or fatal outcome), moderate or severe renal insufficiency (temporary or permanent 
dialysis or permanent renal insufficiency), severe bowel ischemia (bowel resection or fatal bowel 
ischemia), stroke, graft thrombosis, major amputation, spinal cord ischemia, prosthesis infection 
or acute reoperation. Visits and questionnaires were scheduled at 30 days, 3 months and 6 
months. CTA , abdominal X-ray and Duplex ultra sonography were carried out within 30 days 
and 6 months after randomization. Long-term mortality rate for all patients after 6 months was 
derived from their status in the communal registry that registers all death certificates in the 
Netherlands (last search 17-09-2011).
Secondary endpoints were length of hospital and ICU stay, duration of intubation/ventilation, 
use of blood products, and for EVAR occurrence of endoleaks. Individual composites of the 
primary endpoint as well as the combined 30-day and in-hospital mortality were also assessed.

Statistical analysis
When designing the study in 2002-3, we expected a primary endpoint rate of 40% after EVAR 
and 70% after OR14-16. To detect an absolute reduction of 30% with a statistical power of 0.80 
(β = 0.20) and one-sided significance level of α = 0.05, 2 groups of 40 patients were needed. A 
one-sided test was used to assess the potential superiority of EVAR. However, during the course 
of the trial while investigating those patients not fit for randomization, we found infra renal 
anatomy unsuitable for EVAR to be the single most frequent reason for exclusion17. We then 
postulated that by excluding anatomically EVAR-unsuitable patients, OR would be technically 
easier and lead to fewer endpoints than initially expected. This consideration resulted in the 
adjustment of expected primary endpoint rate of patients treated with OR to 65% and an 
unadjusted endpoint rate for EVAR of 40%. The updated sample size was 2 groups of 56 patients 
(Nov 2008). The investigators were unaware of the outcomes of each treatment arm when this 
decision was made. 
All analyses were done according to the intention-to-treat principle. The absolute risk reduction 
(ARR) with the corresponding 95% confidence interval (95%CI) was reported for all categorical 
variables. Probability (p) values calculated by Fisher’s exact test for categorical data and Mann-
Whitney U-test for continuous data were reported and differences were considered significant 
at a cut-off point of 0.05. Survival was estimated with Kaplan-Meier curves and differences in 
survival were tested with a Mantel-Cox (log rank) test. Tests were done with PSAW statistical 
software (IBM SPSS release 18.0.2) and Prism (Graphpad Incorporated version 5.01). 

RESULTS

Recruitment
Between April 2004 and February 2011, 520 patients with an rAAA presented at the 10 
participating hospitals and 466 (90%) were admitted to one of the three trial centers. In 395 
of these 466 patients (85%) the presence of an rAAA was confirmed with CTA. In 240 patients 
(61%) the anatomy was unsuitable for EVAR constituting the main reason for exclusion (Figure 
1). Thirty-nine patients were excluded for other reasons (Figure 1), the remaining 116 patients 
were randomized to EVAR or OR. Baseline clinical characteristics of the randomized patients 
were similar in both treatment groups (Table 2). Forty-four patients (38%) were initially seen 
at another hospital and transferred to a trial center, 28 patients (24%) were hemodynamically 
unstable before arrival at the emergency room, and 14 patients (12%) were hemodynamically 
unstable in the hospital. 
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Figure 1 Flow diagram

Participant flow diagram of all patients with an rAAA presenting throughout the Amsterdam region. 
Follow-up of all 116 patients included in the randomized trial was completed and patients were analyzed 
for primary outcome in their assigned treatment arm. Procedural details showing cross-over before surgery, 
conversion during surgery and deaths during surgery are displayed. Three patients were diagnosed with 
another disease as well as non-ruptured aneurysm. OR, open repair, EVAR, endovascular aneurysm repair, 
CTA, computed tomograpic angiography.

59 assigned to OR and included in 
analysis as OR

57 assigned to EVAR and included in 
analysis as EVAR

116 patients randomized

OR started in 61 EVAR started in 55

2 underwent OR

OR completed in 63 EVAR completed in 46

3 diagnosis other than RAAA  converted to OR
3 access failure

5 persisting endoleak

4 peroperative deaths 1 peroperative death

520 patients with RAAA in 
Amsterdam region

365 patients excluded
unfavourable anatomy n=240
not evaluated with CTA n=71
not referred to a trial center n=54

11 underwent 
open repair

39 patients excluded
unfit for open n=16
logistics n=11
severe hemodynamic 
instability after CTA n=7
refused surgery n=5

155 patients with favorable 
anatomy
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Table 2, Patient characteristics
EVAR n=57 OR n=59

Male - n 49 (86%) 50 (85%)
Mean age – yrs (95% CI) 74.9 (72.3-77.5) 74.5 (72.2-76.8)

Referral
General practitioner 20 (35%) 22 (37%)
Ambulance services 16 (28%) 13 (22%)
Regional hospital 17 (30%) 19 (32%)
Hospital outside trial region 3 (5%) 5 (8%)
Self-presentation 1 (2%) 0 

During transport
Hemodynamically stable 33 (58%) 37 (63%)
Controlled hypotension 8 (14%) 10 (17%)
Hemodynamically unstable 16 (28%) 12 (20%)
Intubated 1 (2%) 1 (2%)
Unresponsive  1 (2%) + 3 (5%)
Cardiopulmonary resuscitation 2 (4%) 3 (5%)
First known systolic blood pressure (median
  mmHg 100 96
First known diastolic blood pressure (median
  mmHg 60 60

In hospital
Stable 30 (52%) 28 (47%)
Controlled hypotension 21 (37%) 23 (39%)
Hemodynamically unstable 6 (11%) 8 (14%)
Cardiopulmonary resuscitation  2 (4%) + 2 (3%)
Intubated  4 (7%)+  3  (5%) +
Patients with first known systolic blood 
pressure <80 mmHg 11 (19%) 12 (20%) 
First known systolic blood pressure hospital
  median mmHg 120 119
First known diastolic blood pressure hospital  
  median, mmHg 70 68
First systolic blood pressure in operating room
  median mmHg 120 110
First diastolic blood pressure in operating 
  room, median mmHg 62 60
Time until surgery – minutes, median (IQR) 74 (39-126)* 45 (35-70)*

Medical history, SVS risk factor 2&3
Diabetes
  Unknown

2 (4%)
4 (7%)

1 (2%)
2 (3%)

Hypertension
  Unknown

13 (23%)
7 (12%)

10 (17%)
7 (12%)

Smoker
  Unknown

23 (40%)
12 (21%)

20 (34%)
9 (15%)

Hyperlipidemia 
  Unknown

13 (23%)
8 (14%)

19 (32%)
4 (7%)

Renal disease
  Unknown

1 (2%)
5 (9%)

2 (3%)
4 (7%)

Pulmonary disease
  Unknown

7 (12%)
10 (18%)

3 (5%)
6 (10%)

Carotid disease
  Unknown

16 (28%)
6 (11%)

10 (17%)
3 (5%)

Cardiac disease 
  Unknown

16 (28%)
6 (11%)

14 (24%)
3 (5%)

Diagnostics in emergency room
Hemoglobin mean mmol/L (g/dl) 7.15 (11.53) 7.08 (11.41)
Creatinine median µmol/L (mg/dl) 111.5 (1.26) 104.0 (1.17)
pH – median 7.4* 7.3*
pO2 – median Kpa (mmHg) 19.9 (149) 26 (195)
pCO2 – mean Kpa (mmHg) 4.77 (36) 4.75 (36)
Bicarbonate – mean 20.18* 18.11*
Base-excess – mean -4.49 -5.98

This table displays preoperative characteristics of included patients assigned to either OR (n=59) or EVAR 
(n=57). (*) denotes a statistically significant difference between both treatment arms between p=0.05 and 
p=0.01. (+) denotes missing data of one patient.
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Procedural data
Two of fifty-seven patients assigned to EVAR were immediately treated with OR (1 cardiac 
arrest, 1 endovascular graft not available). Eight EVAR patients (14%) were converted to OR 
because of iliac access failure (3), or persisting endoleak (5). A further 4 needed additional 
laparotomy without endograft removal (2 type II endoleak with persistent bleeding, 2 abdominal 
compartment syndrome) (Table 3, Fig 1). An aortic occlusion balloon was used in 4 patients 
randomized to EVAR. In 26 of 57 patients (46%), EVAR was started under local anesthesia, in 
13 of these patients general anesthesia was needed at a later stage (5 conversion to OR and 8 
discomfort). In 3 patients assigned to OR no rupture was found. The diagnosis in these patients 
was a combination of a non-ruptured aneurysm with respectively, a bleeding liver tumor, Crohn’s 
disease, and inflammatory aneurysm. The patient with an inflammatory aneurysm was treated 
directly by OR, the other two by EVAR within a week. 

Outcomes
The primary endpoint rate, combined death and severe complications at 30 days was 42% (24 
of 57) in the EVAR group vs. 47% (28 of 59) in the OR group (ARR of 5.4%, 95% CI -13 to +23%) 
(Table 3). The 30-day mortality was 21% (12 of 57) in patients assigned to EVAR vs. 25% (15 of 
59) in those assigned to OR (ARR 4.4%; 95%CI -11 to +20%), whereas combining 30-day and in-
hospital mortality resulted in a mortality rate of 28% (16 of 57) for EVAR vs. 29% (17 of 59) for 
OR, (ARR 0.7%; 95%CI: -16 to +17%). 

Figure 2 Long term survival

Long term survival curves of patients randomized to EVAR (line) and OR (dotted line). Follow-up in years 
is displayed along the horizontal axis and survival percentage along the vertical axis. Patients at risk 
are shown in the table with the cumulative deceased patients below. A Mantel-Cox analysis showed no 
significant difference at any time during follow-up. 
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Of the individual composites of the primary endpoint, only moderate and severe renal 
insufficiency, defined as temporary or permanent dialysis, occurred significantly less often in 
the EVAR group (6 vs. 18 patients, ARR 20%, 95% CI 6–34%). Although the sum of the number of 
severe complications in patients assigned to EVAR was less (32 vs. 57), there was no statistically 
significant difference in individual complications other than renal insufficiency (Table 3). 
The composite rate of death and severe complications at 6 months after randomization was 
46% (26 of 57) for EVAR vs. 47% (28 of 59) for OR (ARR 1.8%; 95% CI -16 to +20%) (Table 3). 
Median long term follow-up was 1533 days (IQR: 780-2285 days). There were no significant 
differences in mortality between treatment groups at any point in time (p=0.88) (Figure 2). 

Table 3 Primary Endpoint

Outcome at 30 d EVAR (57) OR (59) p ARR (95% CI)

Primary composite endpoint ± 24 (42%) 28 (47%) 0.58/0.35* 5% (-13 to + 23%)

Mortality 12 (21%) 15 (25%) 0.66 4% (-11 to + 20%)
Severe complications 18 (32%) 22 (37%) 0.56 6% (-12 to + 23%)

Severe cardiac complications 4 (7%) 2 (3%) 0.43 -4% (-12 to + 5%)
Renal insufficiency, moderate or severe 6 (11%) 18 (31%) 0.01 20% (6% to 34%)
Severe bowel ischemia 2 (4%) 5 (8%) 0.44 5% (-4 to + 14%)
acute reoperation 13 (23%) 12 (20%) 0.82 -3% (-17 to + 13%)
Stroke - 2 (3%) 0.49 3% (-1 to + 8%)
Graft infection with graft removal - - -
Severe graft occlusion - 1 (2%) 1.00 2% (-2 to + 5%)
Major amputation - 3 (5%) 0.24 5% (-5 to + 11%)
Spinal chord ischemia 1 (2%) - 0.49 -2% (-5 to + 2%)

Outcome at 6 months
Primary composite endpoint 26 (46%) 28 (47%) 0.85 2% (-16 to + 20%)

of which <30 days or in-hospital 25 (44%) 28 (47%) 0.71 4% (-15 to + 22%)
Mortality 16 (28%) 18 (31%) 0..84 2% (-14 to + 19%)

of which <30days or in-hospital 16 (28%) 17 (29%) 1.00 1% (-16 to + 17%)
Severe complications 19 (33%) 22 (37%) 0.71 4% (-13 to + 21%)

Severe cardiac complications 5 (9%) + 3 (5%) + 0.48 -4% (-13 to + 6%)
Renal insufficiency, moderate or severe 6 (11%) 18 (31%) 0.01 20% (6% to 34%)
Severe bowel ischemia 2 (4%) 5 (8%) 0.44 5% (-4 to + 14%)
Acute reoperation 14 (25%) + 12 (20%) 0..66 -4% (-19 to + 11%)
Stroke - 2 (3%) 0.49 3% (-1 to +8%
Graft infection with graft removal 1 (2%) + - 0.49 -2% (-5 to +2%)
Severe graft occlusion - 1 (2%) 1..00 2% (-2 to +5%)
Major amputation - 3 (5%) 0.24 5% (-5 to +11%)
Spinal chord ischemia 1 (2%) - 0.49 -2% (-5 to +2%)
Total number of acute reoperations** 17 (30%) 25 (42%)
Total number of severe complications** 32 57

This table displays primary outcomes of 57 patients assigned to EVAR and 59 patients assigned to OR. All outcomes 
were analyzed as intention- to- treat. Only the most severe event was counted in the composite primary endpoint 
The reported p value with (*) is the additional one-sided analysis. ARR denotes absolute risk reduction and the 
corresponding 95 percentage confidence intervals (95%CI) are supplied. All individual composites of the primary 
endpoint are reported as the number of patients with that particular complication, except those denoted by **, in 
which the total sum of the number of that complication is reported. Outcome is reported as on 30 days and 6 months, 
and categories of patients in whom a new severe complication occurred after 30 days are marked by a +.
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Secondary Outcomes
On secondary outcomes, the median total hospital stay was 9 days (4-21) in patients assigned to 
EVAR vs. 13 days (5-21) in patients assigned to OR, p=0.57. Seventy-seven percent (77%, 44 of 
57) of patients assigned to EVAR were admitted to the ICU from the operating room vs. 90% (53 
of 59) of patients assigned to OR (ARR 13%; 95% CI -0.7 to +26%). The median stay of all patients 
admitted to the ICU was 42 hours (20-114) in patients assigned to EVAR vs. 60 hours (22-191) in 
patients assigned to OR p=0.24. Although significantly fewer patients assigned to EVAR needed 
postoperative mechanical ventilation,69% (39 of 57) in patients assigned to EVAR, compared 
to 92% (54 of 59) in patients assigned to OR (ARR 23%; 95% CI 9–37%), the median duration 
of ventilation for all ventilated patients did not significantly differ (20 hours (5-60) vs. 15 hours 
(7-102) hours, p=0.74). The estimated median blood loss during surgery was significantly lower 
in patients assigned to EVAR, 500 ml (IQR 200-1375) vs. 3500 ml (IQR 1000-4600) in patients 
assigned to OR, p<0.001)  Intraoperatively blood products were used in 79%(45 of 57) of the 
patients assigned to EVAR  and in 95% (56 of 59) of the patients assigned to OR (ARR 16%; 95% 
CI 4–28%). Autologous blood was used in 19% (10 of 57) of the patients assigned to EVAR and in 
73% (43 of 59) of the patients assigned to OR (ARR 55%; 95% CI 40–70%, p<0.001). All 10 EVAR 
patients in whom autologous blood was given, had crossed over to OR. There was no difference 
between groups in total blood products administered during hospital stay (Table 3). Operating 
time (median 140 vs. 125 minutes, p=0.014) and operating room stay (median 185 vs. 157 
minutes, p=0.001) were longer for EVAR than for OR (Table 3). Endoleaks were diagnosed during 
the initial EVAR procedure in 24 patients (42%). In 9 patients the endoleak was managed with 
an additional endovascular procedure, in 5 it necessitated conversion to open repair and in two 
patients a type II endoleak was treated by laparotomy without graft removal. In eight patients 
(14%) the endoleak was not resolved during initial surgery (4 type I and 4 type II endoleaks). 
During follow-up, 9 new endoleaks were discovered (5 type I and 4 type II). Of all 9 patients with 
new type I endoleaks, 5 needed additional OR, 2 died, 1 needed additional EVAR and in one 
patient the endoleak resolved spontaneously. No additional procedures were performed for 8 
patients with type II endoleaks. 

Regional rAAA cohort
Of the 404 patients excluded from the randomized trial, the mean age (75.3 years) and sex 
distribution (80% male) did not differ significantly from the randomized patients (p=0.59 and 
p=0.10). Most excluded patients (320) were treated with OR and 18 patients were treated with 
EVAR because they were unfit for OR or because of logistic problems. Fifty-seven patients were 
not operated on. In 9 patients, no records could be traced (Fig.3). The 30-day mortality of all 
patients that underwent operative treatment, either EVAR or OR, was 30% (138 of 454 patients 
95% CI 26–35%). The 30-day mortality rate of non-randomized patients treated with EVAR was 
17% (3 of 18 patients, 95% CI 4–41%), and for non-randomized patients treated with OR it was 
34% (108 of 320 patients, 95% CI 29–39%) (9 unknown outcome) (Fig. 3). In patients evaluated 
with CTA with anatomy unfavorable for EVAR, the 30-day mortality of OR in trial centers was 26% 
(58 of 222 patients, 95% CI 20–32%) (Fig 3).
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This table displays secondary outcomes of 57 patients assigned to EVAR and 59 patients assigned to OR. All 
outcomes are analyzed as intention-to-treat. ARR denotes absolute risk reduction and the corresponding 95 
percentage confidence intervals (95%CI) are supplied. 

Table 4, Secondary endpoints

EVAR (57) OR (59) p ARR (95%CI)

Intensive care
Directly admitted to the ICU 44 (77%) 53 (90%) 0.08 13% (-1 to + 26%)
Admitted to MCU or recovery room only 8 (14%) 2 (3%) 0.05 -11% (-21 to -1%)
First MCU or recovery, later ICU 4 (7%) - 0.06 -7% (-14 to + 0.4%)
Death during surgery 1 (2%) 4 (7%) 0.36 5% (-2 to + 12%)
Admitted to ICU during hospital stay 48 (84%) 53 (90%) 0.42 6% (-7 to + 18%)

Postoperative mechanical ventilation
Number of patients ventilated 39 (68%) 54 (92%) 0.002 23% (9 to 37%)
Reintubation after extubation 2 (4%) 6 (10%) 0.27 7% (-2 to + 16%)
All patients, median hours (IQR) 5 (0-29) 11 (4-98) 0.14
Ventilated patients, hours median (IQR) 20 (5-60) 15 (7-102) 0.74

Length of ICU stay
All patients, hours (IQR) 28 (11-87) 48 (15-161) 0.14
Patients admitted to ICU, hours (IQR) 42 (20-114) 60 (22-191) 0.24

Length of hospital stay
All patients, days (IQR) 9 (4-21) 13 (5-21) 0.57

Procedural
Duration of surgery – minutes median 
(IQR)

140 
(120 - 190)

125 
(94-154) 0.014

Time in operating room– minutes 
median (IQR)

185 
(160-236)

157  
(136-194) 0.001

Estimated blood loss – milliliters median 
(IQR)

500 
(200-1375)

3500  
(1000 - 4600) <0.001

Blood products during surgery
Any blood products administered - n 45 (79%) 56 (95%) 0.06 16% (4 to 28%)
Autologous blood – ml, median (IQR) 0 (0 – 0) 500 (0-1425) <0.001
Homologous blood – units, median (IQR) 3.5 (0-6) 4 (2-7) 0.10
Fresh frozen plasma – units, median (IQR) 0 (0-2) 2 (0-4) 0.007
Platelets – units, median (IQR) 0 (0-0) 0 (0-1) 0.97
Any blood product – units, median (IQR) 4 (0-8) 9 (4-14) 0.02

Total blood products during stay
Homologous blood – units, median (IQR) 6.5 (3-12.5) 8 (5-13) 0.45
Fresh frozen plasma – units, median (IQR) 2 (0-7) 4 (2-8) 0.04
Platelets – units, median (IQR) 0.5 (0-1) 1 (0-2) 0.16
Any blood product – units, median (IQR) 9 (4-20) 13 (8-22) 0.148
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     Figure 3 Regional Outcome

Outcome of all patients with rAAA presented throughout the Amsterdam region. The type of surgery; open 
repair (OR), endovascular repair (EVAR) or no intervention and corresponding 30-day mortality rate after 
surgery are displayed.
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DISCUSSION

This study showed no significant difference in the primary endpoint of combined death and 
severe complications between EVAR and OR at 30 days after surgery: 42% vs. 47%. Although 
the primary endpoint rate for EVAR was close to our initial estimate (42% vs. 40%), the 
outcomes after OR were much better than anticipated (47% vs. 65%). In particular the 30-day 
OR mortality of 25% in our study was much lower than expected when taking into account a 
previous meta-analysis that showed a mortality of 48.5%1. Conceivably, selecting patients both 
hemodynamically fit for CTA and anatomically suitable for EVAR could explain this difference. 
However, closer inspection of the data reveals that only 17% of 466 patients analyzed in a trial 
center were excluded because of hemodynamic instability (71 no CTA + 7 instability following 
CTA/466 analyzed in trial centers) (Fig 1), while a 25-59% exclusion rate is common in other 
studies7,18. The fact that hemodynamic instability was not an exclusion criterion per se is also 
reflected by the 20% (23/116) hypotensive (P-systolic ≤80mmHg) patients in our trial (Table 
2). This is concordant with 20-28% hypotensive patients observed in pooled data, although 
the definition of hemodynamic stability varies greatly in individual studies18-21. Thus, selection 
of hemodynamically stable patients is not likely to be the explanation for the low mortality 
following OR in our randomized study. 

By including those patients with anatomy suitable for EVAR only, i.e. adequate length and 
diameter of the infra renal neck and non-aneurysmatic, non-stenotic iliac arteries, we may have 
created a cohort of patients that is easier to treat by open repair 22. This theory is not supported 
by the 30-day death rate of 26% of OR in non-randomized patients with unfavorable anatomy we 
observed in the cohort (Fig.3) which is low compared with other series 1, 7, 15, 23, 24.

We realize the large confidence interval regarding the risk difference for the primary endpoint, 
leaving room for uncertainty in the final interpretation of the study. However, we stress that 
the point estimate for the primary endpoint of EVAR is in line with the results from longitudinal 
cohort studies 18-21. The question is therefore what the explanation is of the low point prevalence 
for the primary endpoint of open repair, which possibly also led to the fact that we did not 
observe the hypothesized risk difference between the two strategies. An explanation could 
be the introduction of the round-the-clock acute aneurysm service in the greater Amsterdam 
region, centralization of aneurysm care and the routine preoperative CTA that influences 
operative strategy. This is underlined by the 30-day mortality rate of 30% (95% CI 26–35%) 
in the entire cohort for all 520 patients who underwent operative treatment (Figure 3) and 
compares favorably with a population-based analysis of in-hospital operative mortality of rAAA 
in the Netherlands that showed 41% (95% CI 40–42%) mortality25. It is desirable that the role of 
centralization is further confirmed in other studies since this might have important implications 
for the care of these patients. 

Although this study was not powered on individual composites of the primary endpoint, moderate 
and severe renal insufficiency, defined as the need for either temporary or permanent dialysis, 
were observed significantly less often after EVAR than after OR (Table 3). Supra renal clamping 
in OR patients might have an influence on this outcome since 7 out of the 14 OR randomized 
patients that were operated with suprarenal clamping, developed renal insufficiency. The 
threshold for dialysis was not strictly defined but rather a decision by intensive care physicians 
based on serum creatinine levels, urine production and the overall condition of the patient. 



CHAPTER 4

56

Outcomes that are influenced by physician judgment such as the decision for dialysis, are likely 
to be influenced by knowledge of the treatment group assignment and therefore, the dialysis 
threshold could have been lower for patients treated with OR than EVAR. 
The intraoperative conversion rate from EVAR to OR of 14% (8/57) was high compared with 4-6% 
reported in observational studies18-21. Early conversion is a predictor for poor outcome and if 
reduced, might lead to lower death and severe complication rates after EVAR. Conversions from 
EVAR to OR in this study were caused by access failure (3) and persisting type I endoleaks (5). 
Results of EVAR will thus improve by reducing the conversion rate which is by selecting patients 
with more favorable anatomy.  
In this trial we deliberately chose to use an aorto-uni-iliac endoprosthesis with contra lateral 
occluder and a femoral-femoral cross over bypass. The primary goal of surgery for rAAA is to 
stop bleeding from the ruptured aorta. The use of an aorto-uni-iliac device is a fast and easy 
way to reach hemostatis and was therefore preferred over the use of a more complex bifurcated 
endovascular graft system. The mortality rates in the non-randomized cohort patients, 17% for 
EVAR and 34% for OR, illustrate the difficulty in interpreting data from observational comparisons 
of these approaches highlighting the need for randomized controlled trials such as this. 

Potential limitations of our study merit consideration. First, only 22% of all patients with rAAA in 
the trial region (116/520) were included in the randomized trial. The main reason for exclusion 
was unsuitable anatomy (46%, 240/520).  Because of disappointing low patient inclusion early 
in the trial, the high exclusion rate was analyzed at an earlier stage 17. Unsuitable infra renal 
neck anatomy with absent or very short necks and very wide necks was the main reason for 
not including patients. This remained a major reason for rejecting patients throughout the trial. 
It appears that ruptured aneurysms have shorter and wider infrarenaal necks. The minimum 
required neck-length for EVAR was 10 mm and the maximum allowed neck-diameter was 34 
mm. Newer endovascular devices may have a broader applicability. Second, the low inclusion 
rate combined with the time span it took to complete the trial resulted in a yearly case load of 
25 rAAA patients with only 5-7 randomized patients per trial center, while only 10% of all rAAA 
patients in the entire region of 1.2 million inhabitants were not referred to a trial center. One 
may argue that results for EVAR in particular might have improved if more procedures had been 
performed per year. Third, intraoperative cross-over from EVAR to OR occurred in 8 patients 
(Fig.1) and 6 patients required additional surgery because of a postoperatively discovered 
new type I endoleak. These 14 patients were responsible for a large percentage of deaths and 
complications in the EVAR group. Conversion from EVAR to OR, probably by selecting specifically 
those patients with ideal anatomy for EVAR, should be avoided. Use of newer endovascular 
devices with potentially fewer conversions might also have a positive effect on EVAR outcome. 
Fourth, although the unilateral endovascular graft is easy to use, the number of type I endoleaks 
and thus the number of conversions was high. It is to be expected that newer generations of 
endovascular grafts will perform better. Fifth, after analysis of our results, it could be concluded 
that the study is underpowered with regard to the primary endpoint. A very large trial would be 
needed to definitively demonstrate if EVAR is superior. 

In conclusion, the hypothesized difference in mortality and severe complications between EVAR 
and OR was not observed. EVAR and OR in patients with rAAA give equivalent results in patients 
whose anatomy and physical condition makes them amenable to either approach. Mortality 
for OR was much lower than expected, which could be explained by optimization of logistics, 
preoperative CT-imaging and centralization of care in centers of expertise. 
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ABSTRACT

Background – Care for patients with a ruptured abdominal aortic aneurysm (rAAA) in the 
Amsterdam ambulance region (the Netherlands) was concentrated into vascular centres with 
a 24-hr full emergency vascular service in cooperation with seven referring regional hospitals. 
Previous population-based survival after rAAA in the Netherlands was 46% (95% confidence 
interval (CI) 43 – 49%). It was hypothesized that regional cooperation would improve survival.  

Methods – This was a prospective observational cohort study carried out simultaneously with 
the Amsterdam Acute Aneurysm Trial. Consecutive patients with an rAAA between 2004 and 
2011 in all ten hospitals in the Amsterdam region were included. The primary outcome was 
the 30-day survival rate after admission. Multivariable logistic regression, including age, sex, 
comorbidity, intervention (endovascular or open repair), preoperative systolic blood pressure, 
cardiopulmonary resuscitation and year of intervention, was used to assess the influence of 
hospital setting on survival.

Results – Of 453 patients with rAAA from the Amsterdam ambulance region, 61 did not undergo 
intervention; 352 patients were treated surgically at a vascular centre and 40 at a referring 
hospital. The regional survival rate was 58.5 (95% CI 53.9 – 62.9%) per cent (265 of 453). After 
multivariable adjustment, patients treated at a vascular centre had a higher survival rate than 
patients treated surgically at a referring hospital (adjusted odds ratio 3.18, CI 1.43 – 7.04).

Conclusions – After regional cooperation, overall survival of patients with an rAAA improved. 
Most patients were treated in a vascular centre and in these patients survival rates were optimal. 
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INTRODUCTION 

The mortality rate of patients with a ruptured abdominal aortic aneurysm (rAAA) is approximately 
80 per cent; it is estimated that one-third of these patients do not reach hospital alive.1 Patients 
with an RAAA arriving at hospital require emergency intervention. Several studies2-4 have 
indicated that a higher caseload decreases surgical death rates and advocated centralization of 
care for rAAA.
From 2003, care for patients with rAAA in the Amsterdam ambulance region in the Netherlands 
was concentrated into three central hospitals. These three vascular centres provided a 24-h full 
emergency vascular service. All patients suspected of having an rAAA by the ambulance staff 
or by a general practitioner were transported to a vascular centre. The other seven hospitals of 
the region referred patients with rAAA who were deemed fit for transport. In the present study, 
it was hypothesized that centralization of care would improve survival after aneurysm rupture. 
The primary objective was to compare regional survival after rAAA with previous population-
based survival from the Netherlands.4;5 Secondary objectives were to determine the influence 
of hospital setting (intervention in a vascular centre or in a referring hospital), and of patient 
transfer (from a referring hospital to a centre, or not) on survival.

METHODS

This was a prospective regional cohort study including consecutive patients with rAAA 
presenting at one of the ten hospitals in the Amsterdam ambulance region between April 
2004 and February 2011. Patients referred from surrounding ambulance regions, and patients 
with unknown outcome were excluded from the analysis. The primary outcome was 30-day 
survival after admission, including both patients rejected for intervention and those in whom 
an intervention was undertaken; this outcome is referred to as ‘the admission survival rate’. The 
secondary outcome was the combined 30-day or in-hospital survival, including only patients in 
whom an intervention was started (operative survival rate). These two outcomes were reported 
to allow comparison with previous population- based studies in the Netherlands.
Patients were identified and registered prospectively by all vascular surgeons in the region. A 
monthly search of the Amsterdam ambulance registries and the hospital registries was done 
to check for patients with a discharge diagnosis of rAAA. The diagnosis of rAAA was based on 
emergency computed tomographic angiography (CTA), evaluated by a vascular surgeon and a 
radiologist. Rupture was confirmed by contrast extravasion outside the aorta on CTA. In patients 
evaluated only by duplex ultrasonography, the diagnosis of rAAA was based on findings at 
operation or autopsy.
The study was conducted in accordance with the principles of the Declaration of Helsinki. 
Because of its observational design, written informed consent from patients was not necessary. 
The present report included all items recommended by the STrengthening the Reporting of 
OBser- vational studies in Epidemiology (STROBE).6

Regional and hospital logistics 
The Amsterdam ambulance region covers an area of 1025km2 with 1·38 million inhabitants7 
and thus has a population density of 1375/km2 . Approximately 280 km2 is urban and 745 km2 
is rural. The region is served by ten hospitals. All hospitals in this region agreed to centralize care 
in three vascular centres. The regional referral system for patients with rAAA was introduced 
in 2003. Two university hospitals and one teaching hospital, experienced in elective and acute 
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endovascular aneurysm repair (EVAR) and open repair of abdominal aortic and thoracic aortic 
pathology, were appointed as vascular centres. These centres rotated a weekly service in which 
a vascular surgeon, an interventional radiologist and assisting staff were available around the 
clock. All patients suspected of having an rAAA by the ambulance staff, by a general practitioner 
or by a surgeon in a referring hospital were transported to the vascular centre on call. Only 
patients admitted to one of the seven referring hospitals but who were deemed unfit for transfer 
were treated locally. Fitness for transfer was determined by the local surgeon and was based 
on clinical judgement of haemodynamic stability. A protocol for permissive hypotension was 
implemented to optimize conditions during transport and in the emergency room8

To confirm the diagnosis and to assess suitability for EVAR, patients were evaluated with CTA 
on arrival at the hospital. Duplex ultrasonography was used only in patients regarded as too 
haemodynamically unstable to undergo CTA. The criteria for EVAR were based on the instructions 
for use of the endograft. Patients with unsuitable aortic anatomy for EVAR underwent open repair. 
Patients suitable for both EVAR and open repair were consented to be randomized between the 
interventions in the Amsterdam Acute Aneurysm Trial (AJAX trial)9. Between 2004 and 2011, the 
AJAX trial was conducted in the three vascular centres to compare the death rate following EVAR 
and open repair in patients suitable for both interventions. The present study expands on the 
AJAX trial in two ways. First, it included consecutive patients from the region and not only those 
eligible for both interventions. Second, it did not aim to compare outcomes after EVAR with 
those after open repair. The vascular centres had specialized cardiovascular anaesthetic care and 
a closed-format intensive care unit (ICU), with around-the-clock availability of one intensivist 
for 12 beds, and a minimum of 1500 patient-days of ventilation per year (Dutch level III ICU10). 
Patients from surrounding ambulance regions could also be referred to the vascular centres, but 
these patients were excluded from the present analysis.

Data collection and statistical analysis
Data were collected on age, sex, co-morbidity (cardiac, pulmonary, renal and cerebrovascular), 
haemodynamic stability (preoperative lowest in-hospital systolic blood pressure (SBP) 
measurement and cardiopulmonary resus- citation), hospital setting (vascular centre or referring 
hospital), patient transfer (transport from a referring hos- pital to a centre, or not) and type of 
intervention (EVAR or open repair). Double data entry was done and data were checked for 
inconsistency. Inconsistencies were resolved by consulting the original patient charts. Death 
rates were checked for errors in the communal registry that registers all death certificates in the 
Netherlands.
Data collection and statistical analysis were carried out with use of IBM SPSS Statistics 19.0 (SPSS 
Inc., Armonk, New York, USA). To include all patients in the regression analyses, an imputation 
procedure was done using logistic and linear regression models, whereby ten data sets were 
created.11 The most critically ill patients needed the most urgent decisions and the fewest notes 
were made. To correct for bias of most missing data in the most critically ill patients, death was 
included as a predictor in the imputation model. Other predictors were: baseline characteristics, 
level of consciousness, Glasgow Coma Scale score, and serum haemoglobin and creatinine 
levels. The statistical analysis was done in the ten separate imputed data sets and the outcomes 
were pooled.

The regional admission survival rate was calculated by dividing the 30-day survival after 
admission by all admissions. The regional operative survival rate was calculated by dividing the 
combined 30-day or in-hospital death rate after intervention by all interventions. These rates 
were compared with the only known and most recent Dutch admission and operative survival 
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rates of 46 (95 per cent confidence interval (c.i.) 43 to 49) per cent5 and 59 (58 to 60) per cent4, 
respectively. 
Subsequently, the complete cohort was used to assess the association between hospital 
setting (vascular centre or referring hospital) and survival. A subgroup analysis was done in 
patients treated in a vascular centre (centre cohort). The centre cohort was used to assess the 
association between patient transfer (transfer from a referring hospital to a vascular centre) 
and survival. Because of the observational design of the present study, the patient risk profiles 
varied. For example, the regional surgeon’s decision to transfer or not meant that relatively 
more haemodynamically unstable patients were allocated to an intervention in the referring 
hospitals. A multivariable logistic regression model, a propensity logistic regression model, 
and a combined multivariable and propensity logistic regression model were developed to 
adjust for the possible confounders age12, sex13, hemodynamic stability14 (based upon SBP and 
resuscitation), type of intervention (EVAR or Open repair) and year of intervention. A further 
detailed description of the propensity score is provided in Table S1 (supporting information). 
The χ2 statistic, the Hosmer and Lemeshow test, and the area under the receiver operating 
characteristic (ROC) curve were reported to represent model performance. The ranges of the 
performance measures in the ten imputed data sets were reported.

RESULTS

Between April 2004 and February 2011, a total of 539 patients with an rAAA were admitted to 
ten hospitals in the Amsterdam region. The incidence rate of in-hospital rAAAs was 5.7 per 100 
000 person-years. The in-hospital rAAA repair rate was 4.7 per 100 000 inhabitants. A flow chart 
showing inclusion and treatment allocation is shown in Fig. 1.
Of 539 consecutive patients, 80 were excluded from the analysis because they were referred 
from surrounding ambulance regions, and six were excluded because of unknown demographics 
and outcome. Only 100 of 453 patients included in the present study were included in the AJAX 
trial. A total of 399 patients were admitted to the vascular centres, 89 of whom were transferred 
from a referring hospital. Fifty-four other patients were admitted to the referring hospitals, but 
not transferred. In total, 61 patients did not undergo intervention, giving a regional rejection 
rate (non-operative rate) of 13.5 per cent (61 of 453). In the vascular centres the rejection rate 
was 11.8 per cent (47 of 399). In the referring hospitals the rejection rate was 26 per cent (14 
of 54). The baseline characteristics of surgically treated patients are shown in Table 1. Tables S2 
and S3 (supporting information) show the data stratified by hospital setting and patient transfer 
respectively.

Survival rate
The overall regional admission survival rate, including both rejected patients and those operated 
on, was 58.5 (95 per cent c.i. 53.9 to 62.9) per cent (265 of 453). The admission survival rate in 
the vascular centres was 61.4 (95 per cent c.i. 56.5 to 66.0) per cent (245 of 399) and that in the 
referring hospitals was 37 (95 per cent c.i. 25 to 50) per cent (20 of 54).
The overall regional operative survival rate was 62·2 (95 per cent c.i. 57.4 to 66.9) per cent (244 
of 392). It was 64.2 (95 per cent c.i. 59.1 to 69.0) per cent (226 of 352) in the vascular centres, 
and 18 of 40 patients survived the intervention in the referring hospitals (Fig. 1).
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Figure 1 Flow chart

Flow chart showing operative survival; the combined 30-day or in hospital survival rate included only patients 
in whom an inervention was started. rAAA, ruptured abdominal aortic aneurysm; EVAR endovascular 
aneurysm repair; ci 95 per cent confidence interval.

Patients with rAAA in the Amsterdam 
Acute Aneurysm Cohort

n=539Excluded n=86
      Referral from other ambulance region n=80
      No intervention n=5
      Operative survival rate 71 (ci 60 to 80)% (53 of 75)
    Unkown demographics and outcome n=6

Included n=453
     Patients with rAAA in the ambulance region analysis

Presented primarily at a 
vascular centre 

n=310

Presented primarily at a 
referring hospital 

n=143

Admitted to a referring hospital
n=54

Admitted to a referring vascular 
centre
N=399

Operated in a referring hospital n=40
  Survived n=18

Operated in a vascular centre n=352
    Operative survival rate 64.2% 
    (ci 59.1 to 69.0) (226 of 352)

          Treated surgically n=392
Regional operative survival rate 62.2% (ci 57.4 to 66.9)(244 of 392)
      After EVAR 73% (ci 60 to 82)(45 of 62)
      After open repair 60.3% (ci 54.9 to 65.4)(199 of 330)

Open repair n=291
Operative survival rate 62.2%
(ci 56.5 to 67.7)(181 of 291)

EVAR n=61
Operative survival rate 74%

(ci 62 to 83)(45 of 61)

Open repair n=39
Survived n=18

EVAR n=1
Survived n=0

Transferred to a vascular 
centre
N=89

No intervention n=61
   Regional rejection rate 13.5% 
   (61 of 453)

n=14n=47



REGIONAL COOPERATION AND OUTCOMES OF RAAA

 
67

Table 1  Baseline characteristics

    original data set (n=392)

available data missing data

Imputed 
datasets^ 
(n=392)

Age (years)* 74.4 (8.7) 0 not imputed
Sex ratio (m:f) 319:73 0 not imputed
Cardiac comorbidity$ 43.8 (165/377) 3.8 (15/392) 43.9 (172/392)
Pulmonary comorbidity+ 18.9 (71/376) 4.1 (16/392) 18.9 (74/392)
Renal comorbidity# 10.9 (41/376) 4.1 (16/392) 11.0 (43/392)
Cerebrovascular comorbidity** 13.8 (52/376) 4.1 (16/392) 13.8 (54/392)
Lowest in-hospital SBP (mmHg)§ 90 (70 – 122) 7.7 (30/392) 90 (70 – 120)
Cardiopulmonary resuscitation 43 of 372 (11.6) 5.1 (20/392) 12.5 (49/392)
No CTA 68 (17.4) 0 not imputed
Year of intervention 0
  2004 45 (11.5)
  2005 58 (14.8)
  2006 70 (17.9)
  2007 65 (16.6) not imputed
  2008 54 (13.8)
  2009 51 (13.0)
  2010 44 (11.2)
  2011 5 (1.3)

Values in parenthesis are percentages unless indicated otherwise; values are * means(sd) and §median 
(iqr). ^ The baseline charecteristics of the ten separate imputed data sets were pooled and these pooled 
data are reported. History of $arhytmia, cardiac surgery or myocardial infarction, +chronic obstructive 
pulmonary disease, #chronic kidney failure or dialysis, or ** transient ischemic attack or stroke.

Logistic regression
Multivariable adjustment for possible confounders showed that patients treated surgically in a 
vascular centre had a higher survival rate than patients treated in a referring hospital (adjusted 
odds ratio 3·18, 95 per cent c.i. 1·43 to 7·04) (Table 2). Propensity adjustment (odds ratio 2·29, 
1·16 to 4·52), and combined propensity and multivariable adjustment (odds ratio 2·41, 1·19 to 
4·87) also showed that patients treated surgically in a vascular centre had a higher survival rate 
(Tables S1 and S4, supporting information).
Multivariable adjustment for possible confounders showed that, among patients treated 
surgically in the vascular centres, patient transfer was not associated with survival (adjusted 
odds ratio 1·07, 0·57 to 2·02) (Table 2). Propensity adjustment (odds ratio 0·89, 0·50 to 1·60), and 
combined propensity and multivariable adjustment (odds ratio 1·07, 0·58 to 1·98) also showed 
that patient transfer was not associated with survival (Tables S1 and S4, supporting information).
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Table 2. Multivariable adjusted logistic regression models. 
                  Odds ratio

Variable Complete cohort Centre cohort 

Age (per year) 0.94 (0.91 – 0.97)* 0.95 (0.92 – 0.98)*
Men 1.32 (0.72 – 2.43) 1.38 (0.72 – 2.63)
Cardiac comorbidity 0.66 (0.39 – 1.09) 0.68 (0.40 – 1.15)
Pulmonary comorbidity 0.47 (0.25 – 0.88)* 0.41 (0.21 – 0.78)*
Renal comorbidity 0.58 (0.28 – 1.24) 0.58 (0.27 – 1.29)
Cerebrovascular comorbidity 0.71 (0.35 – 1.43) 0.87 (0.41 – 1.85)
Lowest in-hospital SBPa (per 10 mmHg) 1.20 (1.12 – 1.29)* 1.21 (1.12 – 1.30)*
Cardiopulmonary resuscitation 0.28 (0.11 – 0.70)* 0.28 (0.11 – 0.70)*
Type of intervention (open repairb) 0.73 (0.37 – 1.46) 0.69 (0.34 – 1.40)
Year of intervention (2007 or 2008) 1.43 (0.80 – 2.56) 1.45 (0.79 – 2.65)
Year of intervention (2009 or 2010 or 2011) 2.11 (1.14 – 3.93)* 1.94 (1.01 – 3.74)*
Vascular centre 3.18 (1.43 – 7.04)* - 
Patient transfer - 1.07 (0.57 – 2.02)

Values in parentheses are 95 per cent confidence intervals. SBP, systolic blood pressure. The complete 
cohort model included all patients to assess the influence of hospital setting (vascular centre or referring 
hospital) on survival: 392 patients and 244 survivors (performance: χ2 statistic 110·0 – 119·8 (12 d.f.), P < 
0·001; Hosmer and Lemeshow test:
P = 0·169 – 0·954; area under the receiver operating characteristic (ROC) curve (AUC) 0·80–0·81). The centre 
cohort included only patients treated in a vascular centre to assess the influence of patient transfer (transport 
from a referring hospital to a centre, or not) on survival: 352 patients and 226 survivors (performance: 
χ2statistic 92·3–102·1 (12 d.f.), P < 0·001; Hosmer and Lemeshow test: P = 0·289 – 0·842; AUC 0·79 – 0·80).

DISCUSSION

The implementation of a regional referral network with centralized care in hospitals with a 24-h 
full emergency vascular service improved survival in patients with rAAA. The regional admission 
survival rate of 58·5 (95 per cent c.i. 53·9 to 62·9) per cent was higher than the previous Dutch 
admission survival rate of 46 (95 per cent c.i. 43 to 49) per cent.5 The regional operative survival 
rate of 62·2 (95 per cent c.i. 57·4 to 66·9) per cent was comparable to the previous Dutch operative 
survival rate of 59 (95 per cent c.i. 58 to 60) per cent.4 However, compared with this second 
study4, the age of the patients and the proportion of women were higher in the Amsterdam 
region. Both of these factors are likely to influence operative survival rates negatively 4;5;12;13. An 
exploratory analysis adjusting the survival rates for age and sex differences confirmed that the 
outcomes compared favourably with those of the two Dutch studies (data not shown).

The present findings are in agreement with the conclusions of previous studies2-4;15 that reported 
an association between an increased annual caseload and improved survival. The present study 
design and methods differed in three ways from those in these previous studies. First, in the 
present study all consecutive patients from the region were identified prospectively by the 
vascular surgeons, resulting in a precise estimate of the survival rates. In the previous studies, 
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patient identification was with use of procedure codes in large administrative databases, which 
are subject to inaccuracies. Second, detailed preoperative patient data were collected for this 
study, allowing mul- tivariable adjustment for haemodynamic stability in the statistical analysis. 
Third, the present study also included data on patients who did not undergo intervention.

From an international perspective, the regional operative survival rate was higher than regional 
results from the UK between 2005 and 2007 (42 (95 per cent c.i. 31 to 54) per cent) 16 and 
comparable to nationwide results from the USA in 2008 (64 per cent; c.i. not available)17. The 
regional 30-day survival rate of 67·6 (95 per cent c.i. 62·8 to 72·0) per cent (265 of 392) reported 
here was lower than nationwide results from Sweden between 2006 and 2010: 72 (95 per cent 
c.i. 68 to 75) per cent18. Finally, the regional rejection rate was lower than the reported pooled 
rejection rate of 26 (95 per cent c.i. 7 to 51) per cent in four high-quality studies from different 
countries since 19901. However, the validity of the comparison with these international results 
can be questioned because of different age and racial distributions between these countries.
Several studies17-19  reported an improvement in survival over the years in patients surgically 
treated for rAAA. The present results are in line with this global trend. The authors of these 
studies hypothesized that the improvement was attributable to the introduction of EVAR. The 
results of two trials9;20 randomizing between EVAR and open repair indicate that the improved 
survival is probably not attributable to the type of intervention. Logistical aspects of care in 
treatment protocols have been subject to change alongside the introduction of EVAR21-23 and this 
seems a more plausible explanation.   

The exact logistical aspects of care that improve survival are difficult to determine. A protocol of 
permissive hypotension during transport and the availability of a 24-h full emergency vascular 
service with specialized staff are probably important. CTA was carried out in 324 (82·7 per cent) 
of 392 patients. Despite some loss of time, the operative survival rate in patients evaluated with 
CTA was 67·0 (95 per cent c.i. 61·7 to 71·9) per cent (217 of 324). This shows that immediate 
preoperative CTA is possible in the majority of patients. It can provide important anatomical 
information before starting open repair. Finally, specialized anaesthetic care24 and level III 
intensive care were available at the vascular centres.
The majority of patients (352 of 392, 89·8 per cent) were treated in the vascular centres. The 
agreement to refer patients to a centre only if deemed fit with regard to haemodynamic stability 
meant that relatively more unstable patients were allocated to an intervention in the referring 
hospitals. Although these unstable patients were not expected to survive transfer, almost half of 
them did survive intervention in a referring hospital (18 of 40). In the comparison of survival rates 
between the vascular centres and referring hospitals, the potential problem of confounding was 
addressed by multivariable and propensity adjustment. After adjustment, the patients treated 
surgically in the vascular centres had better survival than those treated surgically in the referring 
hospitals.

Patients with rAAA require emergency intervention. From the perspective of the referring 
surgeon, it is counterintuitive to postpone intervention by transporting a patient to a vascular 
centre. However, the majority of patients were referred to a vascular centre (89 of 143, 62·2 per 
cent), and all patients survived transport. Some adverse events occurred among the referred 
patients; 4 per cent (4 of 89) died after the decision to refrain from intervention, 4 per cent 
(3 of 82, 3 unknown) required preoperative resuscitation, 5 per cent (4 of 85) died during 
the intervention, and 27 per cent (22 of 81) died after the intervention. The rejection rate of 
transferred patients was low (4 per cent, 4 of 89) compared with that of patients presenting 
primarily to a vascular centre (13·9 per cent, 43 of 310). Despite postponement of intervention 
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and these adverse outcomes for individual patients, from a regional perspective the survival of 
referred patients was comparable to that of patients who presented to the centres.
The most important limitation of the present study is that regional survival was compared with 
that of two historical control groups. No results were available from a more recent interval in the 
Netherlands, from a control group in the Amsterdam ambulance region or from a randomized 
control group. The previous Dutch population-based studies included patients from more than a 
decade ago. Nowadays there is a trend towards specialization among surgeons and radiologists. 
In the Amsterdam region, open repair was carried out by a team including a vascular surgeon, and 
an interventional radiologist was also present in case of endovascular repair. This is associated 
with improved survival19  Between 1990 and 2000, some rAAAs were treated by general surgeons, 
which confounds the comparison. However, the fact that a specialized team improved survival 
underlines the importance of regional cooperation and a 24-h full emergency vascular service. 
Another potential confounder is the use of massive transfusion protocols, which are discussed 
in the literature from 200425, and may have attenuated the negative effects of massive bleeding.
The incidence rate of hospital admission for rAAA in the Amsterdam region was 5·7 per 100 000 
person-years. Based on the estimate that one-third of patients did not reach hospital1, the total 
population-based incidence rate was 8·6 per 100 000 person-years. This is a little lower than 
the most recently published incidence rates of 14·0 per 100 000 person-years from the UK16 
and 10·6 per 100 000 person- years from Sweden26. The in-hospital rAAA repair rate of 4·7 per 
100 000 was also lower in Amsterdam than the rate of 8·4 per 100 000 in Sweden during the 
same interval18. These differences might be explained by different age and racial distributions 
or detection by chance of AAAs between countries. Another explanation might be a failure to 
identify all patients with rAAA, despite the prospective registration by all vascular surgeons, and 
checks on the ambulance and hospital registries. The impact of these missing patients on the 
present conclusions is difficult to determine.

Despite the regional agreement that patients were to be referred to a vascular centre if 
deemed fit, lowest in-hospital SBP and resuscitation were not associated with ‘intervention in 
a referring hospital’ in the propensity score (Table S5, supporting information). Possibly, the 
variables ‘lowest in-hospital SBP’ and ‘resuscitation’ failed to represent haemodynamic stability 
sufficiently accurately. However, there was a clear association between lowest in-hospital SBP 
and resuscitation and survival (Table2). This suggests that these parameters accurately represent 
haemodynamic stability. Moreover, an analysis including other markers of haemodynamic 
stability, such as a subjective judgement by a vascular surgeon (unstable, controlled hypotension, 
or stable), or the first SBP measurement in the emergency room, did not alter the conclusions.
Although statistical methods were used to eliminate differences in observed confounders, 
another limitation of the present study was that it was not possible to adjust for differences in 
unobserved confounders such as hypothermia27 , income quintile of the patient28 , after-hours 
intervention28 and annual volume of rAAA interventions of the surgeon28. Finally, there is an 
important geographical limitation to the external validity of the conclusions. The Amsterdam 
region is urban and densely populated, and the conclusions might not be valid for more rural 
areas.
Although the results presented here should be interpreted within the context of a global 
trend towards improved outcome of patients with rAAA, regional survival was improved by 
regional cooperation compared with that reported in two Dutch population-based studies4,5. It 
was possible to treat the majority of patients in a vascular centre where survival was optimal. 
Furthermore, despite delaying intervention, patient referral was not associated with impaired 
survival.
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ABSTRACT

Objectives - In emergency endovascular repair (EVAR) of ruptured aneurysms of the aorta (rAAA), 
anatomical suitability has to be determined. Semi-automatic three-dimensional assessment 
of the aortoiliac arteries has the potential to standardise measurements. This study assesses 
the fitness for purpose of such a semi-automatic approach for ruptured AAA and studies the 
interobserver agreement on suitability.

Methods - Inter-observer study with 6 trained observers (4 vascular surgeons, 2 radiologists) 
blindly assessing pre-operative CTA scans of 50 consecutive patients with rAAA. A central lumen 
line (CLL) was generated and perpendicular diameters, length along the CLL and EVAR suitability 
were determined using dedicated sizing software (3-mensio, The Netherlands). Success of 
generating a CLL, time of assessment and interobserver agreement was determined. 

Results - In the majority of the patients (median 76%, range 64-78%) a CLL was semi-automatically 
generated. The median duration of CLL generating and performing measurements was 7.5 
minutes (IQR 5.5–10.6). Agreement on suitability was moderate for the entire group (Fleiss’ 
κ=0.55 CI:0.48-0.62) and ranged from moderate to good (Cohen’s κ 0.40 to 0.72) between 
observer pairs. 

Conclusions - Assessing EVAR suitability of rAAA patients using dedicated sizing software 
is possible in the majority of patients. The measurements can be performed in a reasonable 
amount of time and the agreement of suitability for EVAR in patients with a rAAA is moderate. 
Improvements and additional research are necessary to replace the current axial measurement. 
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 INTRODUCTION

Assessment of anatomical suitability is important for patient selection for emergency 
endovascular aneurysm repair (EVAR) in patients with a ruptured aneurysm of the abdominal 
aorta (rAAA)1. Assessment of EVAR suitability requires a number of measurements and 
morphological evaluations on computed tomography (CT) images. In patients with a ruptured 
aneurysm, fast and accurate assessment of the aortic anatomy is required.
Suitability for EVAR, i.e. the assessment of anchoring sites, vessel lengths, and diameters is 
usually determined by two-dimensional (2D) inspection of axial CT slices. Accurate measuring of 
vessel diameters and lengths is important for determining the right size of graft. Although axial 
measuring is done according to a standardized protocol, diameters measured without using a 
central lumen line (CLL) may be imprecise because of the oblique angle the axial planes make 
with the direction in which the arteries run 2. 
Three-dimensional (3D) sizing software, allows the semi-automatic generation of a CLL and 
measuring diameters perpendicular to the vessel axis. Measuring using a CLL results in more 
accurate measurement of vessel lengths and diameters3. Analysis with this sizing software also 
has the potential to allow more reproducible measurements.
The aim of this study was to determine the fitness for purpose of semiautomatic sizing software 
for emergency EVAR including the interobserver agreement on measurements and suitability 
for EVAR.

METHODS

Fifty consecutive patients with final diagnosis of rAAA presented at two academic hospitals 
(Academic Medical Centre (A), VU Medical Centre (B), Amsterdam, The Netherlands) between 
August 2008 and August 2010 were included. A rAAA was defined as haemorrhage outside of the 
aneurysmal wall in a patient presenting with symptoms consistent with a rAAA. The suitability 
for emergency EVAR was retrospectively assessed by 6 observers using dedicated sizing software 
(3mensio Vascular, 3mensio, Bilthoven, The Netherlands). The software automatically detects 
the contrast filled arteries and determines the CLL. The CLL is represented by a set of centre 
points that are displayed in axial, sagital and coronary slices, which can be adjusted if necessary. 
Diameters along this CLL are subsequently presented. (figure 1)
The 6 observers consisted of 2 vascular surgeons and an interventional radiologist who were 
highly experienced in the emergency EVAR procedure, and 2 surgeons and a radiologist who were 
less experienced. A consensus meeting was held in advance to obtain agreement on measuring 
methods and definitions of suitability. The criteria and definitions for suitability were based on 
the latest elective guidelines4;5 but were slightly more liberal (table 1). In our centres during  
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the investigated period, a uni-illiacal graft with crossover bypass was the preferred method. 
This was chosen because of the broad implementation possibilities and quick control of the 
haemorrhage. For this study a bifurcated graft was also allowed if the anatomy and condition 
of the patient allowed for it. Before the actual measurements, all observers were familiarised 
with the software by analysing 10 CT scans supervised by a trained observer. The observers 
were blinded to demographic and clinical patient data and assessed all scans individually. For 
the analysis we loaded the preoperative CT scans (scanning protocol in appendix) in a dedicated 
workstation. 

Table  1 Criteria used to determine anatomical suitability for endovascular repair

Characteristics of a suitable infrarenal anchoring segment with
 length of at least 10mm 
 diameter of 17-32mm
 overall diameter change of <10mm
 ≤ 60 angle between suprarenal aorta and anchoring segment
 ≤ 70 angle between anchoring segment and aneurysmal axis
no obstructing calcifications, tortuosity or thrombus

 suitable iliac anchoring segment
 iliac diameter of 7-22mm
 suitable iliac anchoring segment of at least 10mm in length
 least one iliac artery should be able to accommodate an endograft
obstructing calcifications, tortuosity or thrombus

suitable femoral access

The fitness for purpose of semiautomatic software for emergency EVAR was determined by 
the success rate of CLL generation and the time for complete assessment. CLL generation was 
considered successful if it was performed semi-automatically. The duration of the assessment 
was defined as the time of generating a CLL and performing all measurements. The inter-observer 
agreement for measurements, the presence of adverse anatomical features, and suitability for 
EVAR were assessed.
The percentage of patients considered suitable for EVAR (suitability rate) as determined using 
the software was compared with the actually decisions in the acute clinical situation when these 
patients were presented. The suitability rate of these patients at presentation was determined 
by prospectively collected clinical reports for the Amsterdam Acute Aneurysm trial6;7, combined 
with radiologists’ reports. 
Permission of the medical ethics committee was given for this retrospective analysis of 
anonymous patient data. No informed consent was required because no diagnostic tests other 
than routine clinical imaging were used in this study.
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Measuring protocol 
A CLL was semi-automatically generated by a series of software-guided interactive steps 
(Figure 1). If the CLL thus generated was considered inaccurate, it was corrected manually by 
adjustments of the centreline points. If semi-automatic generation failed entirely, a manual CLL 
was created. If manual CLL generation was unsuccessful, measurements were performed on 
axial images only. 
Six diameter- and five length measurements were performed, (Figure 2). Diameters were 
measured perpendicular to the CLL and the length was measured along the CLL. The widest 
and narrowest diameters in the infrarenal neck were measured. All diameters were measured 
from outer wall to outer wall. The infrarenal aortic neck was defined as the segment of the aorta 
between the most distal renal artery and the aneurysm. The aneurysm was defined as the start 
of the main distension of the aorta, ignoring minor dilatations or bulges. If the aorta near the 
caudal renal artery was already aneurysmatic, the diameter at this level was measured. 
The narrowest and widest diameter of each common iliac artery (CIA) was measured. A landing 
zone in the CIA was preferred but extension to a suitable landing zone in the external iliac 
artery (EIA) was also allowed. In this case it was recorded and the diameter of the EIA was also 
measured. The length from the most distal renal artery to the start of the CIA and to the iliac 
bifurcations was measured on both sides. 
The angle between the suprarenal and juxtarenal axis and the angle between the juxtarenal axis 
and the long axis of the aneurysmal sac was measured based on the description of van Keulen 
et al8. 
Finally, the images were inspected for any anatomical limitations that would impair EVAR. If 
femoral access was impossible, or if circumferential calcifications (>50%), extensive thrombus 
(<50%) or severe iliac tortuosity were present this was recorded. Only the highest gradation of 
impeding factors for elective repair was considered as a limitation for emergency EVAR.4;5 If the 
patient was considered unsuitable for EVAR the main reason was recorded. 

Statistics
The interobserver agreement of the 6 observers on dichotomous variables (possibility of 
generating a semiautomatic CLL, presence of anatomical limitations, EVAR suitability) was 
expressed by Fleiss’ kappa. Agreement on suitability between observer pairs was expressed by 
Cohen’s kappa.9;10 Agreement on continuous measurement such as neck length was expressed 
by intraclass correlation coefficients (ICC)(two way, mixed random effect model). Kappa values 
were interpreted in levels of agreement ranging from poor (K=0 to 0.20), fair (K=0.21 to 0.40), 
moderate (K=0.41 – 0.60), good (K=0.61 – 0.80) to perfect (K=0.81 to 1) as proposed by Koch 
and Landis11. We used SPSS Statistical Software (IBM, PSAW SPSS, release 18.0.2) and StatsDirect 
statistical software (version 2.7.8) for all calculations.
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Figure 1 CLL generation and measurment of diameter and lengths
1a. central lumen line generation is based on the automatic detection of contrast filled arteries, in which 
the center point is determined automatically 1b. the diameters are automatically generated and can be 
adjusted manually, the diameter is of the generated circle is calculated 1c. the stretched representation of 
the central lumen line along which lengths can be measured. the corresponding diameter is visualised on 1b
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Figure 2 Measuring protocol
In total 6-8 diameters and 5 lengths along the central lumen line were measured. The widest (d1) and 
narrowest diameters (d2) in the infrarenal neck were measured. The infrarenal aortic neck (L1) between 
the most distal renal artery and the aneurysm. The narrowest (d3, d5) and widest (d4, d6) diameter of each 
common iliac artery (CIA) was measured. A landing zone in the CIA was preferred but extension to a suitable 
landing zone in the external iliac artery (EIA) was also permissible (d7, d8). The length from the most distal 
renal artery to the start of the CIA (L2, L4) and to the iliac bifurcations (L3, L5) was measured on both sides. 

L1

L2

L3

L4

L5

d1
d2

d3

d4 d5

d6

d7
d8



CHAPTER 6

82

RESULTS

CLL generation 
The semi-automatic CLL generation was successful in the majority of patients. The success rate 
of different observers ranged from 64% (32 of 50) to 78% (39 of 50) and had a median of 76%, 
(38 of50). In total 300 assessments (6x50) were made, of which in 221 assessments (74%) a CLL 
was generated semiautomatically and in 51 assessments (17%) a CLL was generated manually. In 
18 of 300 assessments (6%) no CLL could be created, and in 10 assessments (3%) the way of CLL 
generation was not recorded. (Table 2) Semiautomatic CLL generation had a good interobserver 
agreement (k=0.68, 95%CI 0.60-0.76). 
In all 50 patients at least one observer was able to generate a manual CLL. In 6 of 50 patients 
no observer could semi-automatically generate a CLL. Inspection of the CT scans in which 
semi-automatic CLL generation failed, revealed that in most of the patients a lack of distal 
contrast enhancement in the infrarenal arteries was present. Motion artefacts, active contrast 
extravasation, and interfering thrombus were additional causes impairing a semiautomatic CLL 
generation.

Duration
The median duration of both generating a CLL (if possible) and performing measurements was 
7.5 minutes (IQR 5.5-10.6) in all 300 assessments. The median duration of the 221 assessments in 
which a semi-automatic CLL was generated was 7 minutes (IQR 5.5–9.5), which was significantly 
less (p<0.001) compared to the 11 minutes (IQR 8.5 – 13.9) necessary to assess the cases in 
which a manual CLL had to be generated. 

Table 2 CLL generation and duration of assessment

CLL generation Number of 
assessments (%)

Duration of assessment, 
minutes, median (IQR)

semi-automatic 221 (74 %) 7.0    (5.5 – 9.4)
manual 51   (17 %) 11.0  (8.5 – 13.9)
not possible 18   (6 %) 5.0    (3.0 – 6.2)
not recorded 10   (3 %) -
all assessments 300 (100%) 7.5    (5.5 – 10.6)

Number of assessments in which a semiautomatic central lumen line (CLL) was generated and corresponding 
median duration of generating a CLL and assessment.
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Measurements 
Interobserver agreement on the infrarenal diameter measurements was moderate (ICC 0.49 
and 0.59, Table 3). The diameter measurements of the iliac arteries showed good to almost 
perfect interobserver agreement (ICCs ranging from 0.73 to 0.89). Interobserver agreement on 
the length of the infrarenal neck, distance from the renal arteries to the CIA, and distance from 
the renal arteries to iliac bifurcation was good (ICC; 0.75, 0.70 and 0.65 to 0.82). Interobserver 
agreement on suprarenal aortic angle was fair and on infrarenal aortic angle measurements 
moderate, with ICCs of 0.38 and 0.46 respectively. Circumferential calcifications, extensive 
thrombus, severe tortuosity, or impossible femoral access was observed in 12%, 8%, 5% and 
3% of the 300 assessments respectively. Interobserver agreement on the presence of these 
impeding factors was poor or slight with group kappa values ranging from 0.08 to 0.20 (Table 3).

Table 3 Group agreement of all 6 observers on measured variables.

Agreement Agreement      95% CI

generating a semiautomatic CLL (Fleiss’ k) 0.68 0.60-0.76
individual measurements (ICC)

infrarenal neck
narrowest diameter 0.59 0.44-0.73
widest diameter 0.49 0.33-0.66
neck length 0.75 0.64-0.83

iliac artery right
narrowest diameter 0.73 0.61-0.83
widest diameter 0.87 0.80-0.92
length to aortic bifurcation 0.70 0.58-0.81
length  to iliac bifurcation 0.82 0.72-0.89

iliac artery left
narrowest diameter 0.81 0.71-0.88
widest diameter 0.89 0.83-0.93
length  to aortic bifurcation 0.70 0.57-0.80
length to iliac bifurcation 0.65 0.51-0.78

aortic angles
angle suprarenal/neck 0.46 0.30-0.64
angle neck/aneurysm 0.38 0.21-0.57

presence of impairing features (Fleiss’ k)
extensive thrombus 0.20 0.11-0.29
circumferential calcifications 0.19 0.10-0.27
severe tortuosity 0.16 0.07-0.25
impossible access 0.08 -0.01-0.17

suitability for EVAR (Fleiss’ k) 0.55 0.48-0.62

Agreement on diameter and length measurements are represented as intraclass correlation coefficients 
(ICC).  Agreement on dichotomous decisions and suitability (yes/no) are represented as Fleiss’ kappa values 
for group agreement. 
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Suitability
The agreement on suitability of individual observer pairs ranged from 35 to 42 out of 50 
patients, with fair to good agreement between observer pairs (Cohen’s kappa values between 
0.40 and 0.72, Tables 3 and 4). All 6 observers agreed on EVAR suitability in 25 of 50 patients (10 
suitable/15 not suitable). The corresponding group inter-observer agreement on EVAR suitability 
was moderate (Fleiss’ kappa 0.55, 95%CI 0.48-0.62). 
The number of patients considered suitable ranged from 19 to 30 (38-60%, Table 4). The 
median number of patients considered anatomically suitable was 25 (50%). The most commonly 
reported reason for unsuitability was unsuitable infrarenal anatomy (115 of 300 assessments). 
Other reasons for unsuitability were; combined unsuitable infrarenal and iliac anatomy (18 of 
300), unsuitable iliac anatomy (11 of 300), major thrombus in the infrarenal segment (2 of 300). 
In 6 assessments no specific reason for unsuitability was recorded. 
In the acute clinical situation in the emergency room before surgery, 38% (19/50, 95%CI:26-52) 
of these patients were considered suitable for EVAR. This rate was not significantly different 
from the rate in this study (median of 50%, p=0.17). Most patient were considered unsuitable 
because of an unsuitable infrarenal segment. Clinical results from our prospective cohort have 
been previously published.7

Table 4, agreement between individual observers on the suitability for EVAR in patients with rAAA

number of agreed 
patients (a) 1 2 3 4 5 Suitable 

yes/no
1.experienced 
vascular surgeon x 25/25

2.experienced 
vascular surgeon 42 (23/19) x 29/20/1

3.vascular surgeon 38 (16/22) 36 (17/19) x 19/31
4.vascular surgeon 39 (22/17) 42 (26/16) 37 (18/19) x 30/20
5.experienced 
radiologist 36 (18/18) 38 (21/17) 36 (15/21) 37 (21/16) x 25/25

6.radiologist 41 (18/23) 40 (20/20) 39 (14/25) 38 (19/19) 35 (15/20) 20/30

kappa values (b) 1 2 3 4 5 Suitable 
yes/no

1.experienced 
vascular surgeon  x 25/25

2.experienced
vascular surgeon 0.72(.44-.99) x 29/20/1
3.vascular 
surgeon 0.52(.25-.79) 0.49(.24-.75) x 19/31

4.vascular 
surgeon 0.56(.29-.83) 0.70(.42-.98) 0.50(.25-.76) x 30/20
5.experienced 
radiologist 0.44(.16-72) 0.55(.28-.83) 0.44(.17-.71) 0.48(.21-.75) x 25/25

6.radiologist 0.64(.37-.91) 0.65(.38-.91) 0.54(.26-.81) 0.54(.28-.79) 0.40 
(.13-.67) 20/30

(a) the absolute number of patients on which was agreed is displayed, with the number of suitable and 
unsuitable patients agreed on in parenthesis. (b) Cohen’s kappa values with 95% confidence interval.



SEMIAUTOMATIC EVAR SUITABILITY ANALYSIS

 
85

DISCUSSION

This study showed that semi-automatic CLL generation was possible in the majority of rAAA 
cases (median 76%, range 64-78%). The median duration of generating a CLL and assessing 
suitability was 7.5 minutes (IQR 5.5–10.6). The interobserver agreement on eEVAR suitability of  
all six observers was moderate (k=0.55, 95%CI 0.48-0.62).
The software used in this study was designed for planning and measuring for elective aneurysm 
repair. Its use for follow-up measurements or suitability assessment has been reported in several 
studies of non-ruptured AAA.3;12;13 In this study in patients with ruptured AAA, low distal contrast 
concentration and inadequate opacification was observed in patients making semi-automatic 
CLL generation impossible. Rupture of the aneurysm with haemodynamic shock and low cardiac 
output is likely to contribute to this effect. Although the scan was triggered once a threshold 
level of contrast is achieved, the scanner may move faster than the contrast volume in these 
hemodynamically compromised patients. The success of CLL generation could be improved by 
optimizing the scanning protocol for patients with low cardiac output and possibly by an even 
more extensive training of the observers. However, because of the often poor hemodynamic 
condition of patients, the image quality is not likely to improve. Without time for a new scan, the 
suboptimal scans are simply a factor to deal with when treating rAAA patients.
In a hemodynamically unstable patient, a fast but considered decision on suitability for EVAR 
is necessary. The median duration of 7.5 minutes (IQR 5.5–10.6) for both generating the CLL 
and performing the necessary measurements seems acceptable for the acute situation. In 
approximately a quarter of all patients, manual CLL generation or axial measurements had to be 
performed because the initial CLL generation failed, leading to a second assessment, resulting in 
longer times of assessment. 

For most individual diameter and length measurements, a good to almost perfect agreement 
was observed with ICCs comparable to a previous study in a population of patients scheduled 
for elective AAA repair3. The low agreement on the final suitability in this study was therefore 
remarkable. The low agreement on infrarenal diameter, aortic angles and qualitative factors 
such as calcifications and other anatomic factors impeding EVAR could be causing the lower 
agreement of suitability. These measurements are considered important anatomical factors for 
the clinical outcome of patients treated with EVAR and the low agreement on these items is 
a drawback of the software1. It was hypothesized that semiautomatic standardisation would 
achieve a higher level of agreement on suitability than manual assessment on axial slices. The 
level of agreement observed in this study was higher than found in two previous studies in which 
axial slices were used ((k=0.55, 95%CI 0.48-0.62 versus k=0.3814 (95%CI: 0.24-0.51) and k=0.4115 
(no CI reported)). The agreement between individual observer-pair ranged from 0.40 to 0.72. 
The two more EVAR experienced vascular surgeons had the highest agreement on suitability. 
Experience in assessing EVAR suitability with axial imaging is likely to lead to an advantage in 
assessing suitability with 3D software as well. 
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Limitations
Because this was a study aimed at evaluating the possible use of the 3D software in rAAA 
patients, the measurements performed in this study could not be verified by clinical outcome. 
Furthermore, because some EVAR suitable patients were not operated on or were randomized 
for open repair, complications from erroneous measurements could not be identified. This was 
a retrospective study in a low-stress, elective setting without clinical consequences. This less 
stressful environment and working in accordance with a protocol may have resulted in a shorter 
duration of assessment, better contemplation of suitability and higher suitability rates. The time 
to import imaging from source files to the workstation was not included in this study, although 
this generally did not take more than a few seconds.
In this study, consecutive patients diagnosed with a rAAA who underwent CTA were included for 
assessment. However, patients in whom a CT-scan was not possible lie outside of the scope of 
3D software. These patients either need open repair, or assessment of suitability during surgery 
by use of an aortic balloon and angiography. 
The EVAR suitability criteria used in our study was based on the criteria used in the Amsterdam 
Aneurysm Trial. However, as these criteria in rAAA differ between centres and observers, other 
rates of suitability can be expected if these criteria differ.
Although the observers were trained and a protocol consensus was obtained, the low agreement 
of infrarenal diameter measurements and aortic angles could have resulted from variation in 
measuring technique or deviation from protocol. As previously concluded in a recent systematic 
review on 3D software, a generalised measuring protocol and strict adherence remains very 
important when assessing such a 3D approach.16 

This is the first study on semiautomatic software in patients with a ruptured AAA. An important 
clinical question is whether the current software should become part of the standard 
armamentarium. This is hard to answer and most surgeons and radiologists probably conclude 
that axial measurements on CT slices are still an acceptable and fast technique in patients with 
a ruptured aneurysm. Continuous improvement of the 3D software may result in a further 
reduction of the interobserver variation and an increase of the robustness.    

CONCLUSION

Assessing suitability for EVAR using dedicated sizing software is possible in the majority of 
patients with rAAA. The duration of assessment is acceptable in the majority of patients and a 
moderate agreement on EVAR suitability was observed.
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ABSTRACT

Objectives – In patients with a ruptured abdominal aortic aneurysm (rAAA), anatomic suitability 
for endovascular aneurysm repair (EVAR) depends on aortic neck and iliac artery characteristics. 
If the aortoiliac anatomy is unsuitable for EVAR (‘hostile anatomy’), open repair (OR) is the next 
option. We hypothesized that the death rate for OR is higher in patients with hostile anatomy 
than in patients with friendly anatomy. 

Methods – We conducted an observational cohort study in 280 consecutive patients with an 
rAAA treated with OR between 2004 and 2011. Primary endpoint was 30-day or in-hospital 
death. Aortoiliac anatomy (friendly vs. hostile) was determined prospectively by the vascular 
surgeon and the interventional radiologist treating the patient. A multivariable logistic regression 
analysis was done to assess the risk of dying in patients with hostile anatomy after adjustment 
for age, sex, comorbidity and hemodynamic stability.

Results – Aortoiliac anatomy was friendly in 71 patients and hostile in 208 patients. Death rate 
was 38% (95% confidence interval (CI) 28 – 50%) in patients with friendly anatomy and 30% (CI 
24 – 37%) in patients with hostile anatomy (P=0.23). After multivariable adjustment, the risk 
of dying was not higher in patients with hostile anatomy (adjusted odds ratio 0.744, CI 0.394 – 
1.404). 

Conclusion – The death rate after open repair for an rAAA is comparable in patients with friendly 
and hostile aortoiliac anatomy.



FRIENDLY VERSUS HOSTILE AORTOILIAC ANATOMY IN OPEN REPAIR

 
91

INTRODUCTION 

Anatomical suitability for endovascular aneurysm repair (EVAR) depends on aortic neck and 
iliac artery characteristics. The aortoiliac anatomy of patients with a ruptured abdominal aortic 
aneurysm (rAAA) has been shown to be suitable (‘friendly anatomy’) for EVAR, in approximately 
40% of cases.1, 2 If the anatomy is unsuitable for EVAR (‘hostile anatomy’), open repair (OR) is 
the next option. Hostile anatomy comprises shorter, wider or more angulated aortic necks and 
calcified or tortuous iliac arteries. As the number of patients treated with EVAR is increasing1, 
fewer patients with friendly anatomy are being treated with OR. This leaves the more challenging 
patients for OR. Previous studies have shown that outcomes are worse after OR in patients with 
hostile anatomy than in patients with friendly anatomy.3-5 For this reason, aortoiliac anatomy 
might be an important confounder in observational and randomized studies comparing OR and 
EVAR. 
In the present study, we hypothesized that after OR for an rAAA, outcomes are worse in patients 
with hostile anatomy for EVAR than in patients with friendly anatomy for EVAR. The objective 
was to test this hypothesis with regard to the outcomes of in-hospital death rate, in-hospital 
complication rate and long-term survival.

METHODS

We conducted an observational cohort study in all consecutive patients with an rAAA treated 
with OR in the Amsterdam ambulance region between May 2004 and February 2011. Patients 
who had previously undergone aortic reconstruction, or had an rAAA with an aortoenteric 
fistula or whose anatomy was not classified, were excluded. Details of the cohort of patients 
in the Amsterdam ambulance region have been published previously.6, cohort study All patients with 
an rAAA in the region, comprising 10 hospitals and 1.24 million inhabitants, were registered 
prospectively. All patients were to be evaluated with computed-tomographic angiography (CTA) 
on arrival at the hospitals. Patients regarded as too hemodynamically unstable to undergo CTA, 
immediately underwent OR after confirmation of the diagnosis with duplex ultrasound. After 
CTA, aortoiliac anatomy (friendly vs. hostile) was classified by the vascular surgeon and the 
interventional radiologist treating the patient in the acute setting. Patients with friendly anatomy 
who were clinically suitable for both EVAR and OR, were  randomized to the Amsterdam Acute 
Aneurysm Trial.6 Patients with a hostile anatomy were not randomized and were treated with 
OR. By this treatment algorithm, a cohort of patients treated with OR with either friendly or 
hostile anatomy was created for the present study. The criteria of friendly and hostile anatomy 
were based on the instructions for use (IFU) of an aorto-uni-iliac endograft and are shown in 
Table 1. OR comprised midline laparotomy and exclusion of the aneurysm by either polyester 
tube or polyester bifurcated graft.
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The study was conducted in accordance with the principles of the Declaration of Helsinki. 
Because of its observational design, written informed consent from patients was not necessary 
for the present study. 

Outcomes
The primary endpoint was the combined 30-day or in-hospital death rate.The primary endpoint 
of included patients was checked for errors in the communal registry of all death certificates in 
the Netherlands. The secondary endpoints were severe complications, a composite endpoint of 
death or complication, long-term survival, length of hospital stay, length of intensive care unit 
(ICU) stay and peroperative blood loss.
Details of severe complications were collected retrospectively from the medical patient charts 
by the primary author. Severe complications were defined as cardiac (myocardial infarction 
including enzymatic changes or severe hemodynamic dysfunction necessitating resuscitation 
or with a fatal outcome), renal (requiring temporary or permanent dialysis), gastrointestinal 
(ischemia necessitating bowel resection, stoma or fatal bowel ischemia), neurological (stroke or 
spinal chord ischemia), graft related (graft occlusion or infection), major amputation or the need 
for acute reoperation in accordance with the reporting standards.7 Long-term survival was also 
derived from the communal registry of death certificates (last search October 10, 2013). 

Table 1. Criteria for friendly and hostile aortoiliac anatomy based on the instructions for use of an aorto-
uni-iliac endograft.  

suitable infrarenal anchoring segment
a minimum length of the infrarenal segment of at least 10-15mm
an infrarenal diameter of 20-32mm
no obstructing calcifications, tortuosity or thrombus

suitable iliac anchoring segment
an ipsilateral iliac diameter of 8-18mm
a contralateral iliac diameter of 10-20mm
at least one iliac artery should be able to accommodate an endograft
no obstructing calcifications, tortuosity or thrombus

 

Data collection
Data collection and statistical analysis were done with IBM SPSS Statistics 19.0 (SPSS Inc., 
Armonk, New York, USA). Patient variables collected from the patient charts were age, sex, 
comorbidity categorised as cardiac disease (previous history of arrhythmia, cardiac surgery or 
myocardial infarction), pulmonary disease (chronic obstructive pulmonary disorder (COPD)), 
renal disease (previous history of chronic kidney failure or dialysis), cerebrovascular disease 
(previous history of transient ischemic attack or stroke), serum hemoglobin (in mmol/L, 1 
mmol/L corresponds with 1.61 g/dL), serum creatinine (in µmol/L, 1 µmol/L corresponds with 
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88.4 mg/dL) and incidence of suprarenal aortic cross clamping. The preoperative lowest in-
hospital systolic blood pressure (SBP) and incidence of cardiopulmonary resuscitation (CPR) 
were used as markers for hemodynamic stability. The preoperative Glasgow aneurysm score 
(GAS)8, a validated score used for case-mix comparison, was calculated. Double data entry was 
done for the patient variables and data were checked for inconsistencies. Inconsistencies were 
resolved by consulting the original patient charts. To validate the decision of friendly or hostile 
anatomy, aneurysm characteristics were measured by the primary author in the sagittal, coronal 
and axial planes of the pre-operative CTA. The measurements were done blinded for type of 
anatomy and outcome. 
In order to include all patients in the regression analyses, an imputation procedure was done 
using logistic and linear regression models whereby ten datasets were created.9 The most 
critically ill patients needed the most urgent decisions and the fewest notes were made. To 
correct for bias of most missing data in the most critically ill patients, we included ‘death’ as a 
predictor in the imputation model. Other predictors were the baseline characteristics, level of 
consciousness and Glasgow coma scale. The statistical analysis was done in the ten separate 
imputed datasets and the outcomes were pooled.

Statistical analysis
Continuous data were described by the mean with corresponding standard deviation (SD) for 
data normally distributed, and by the median with corresponding inter-quartile range (IQR) for 
data with skewed distribution. Baseline characteristics and outcomes were compared with the 
students t-test, the chi-squared test, the Kruskal-Wallis test and the Mann-Whitney U test (two-
sided; α =.05). A P<0.05 was considered statistically significant. The ranges of outcomes of the 
statistical tests in the ten imputed datasets were reported.  Long-term survival was assessed by 
Kaplan-Meier survival analysis and compared using the log rank test. 
Two logistic regression models were made to assess the risk of the outcomes in friendly and 
hostile anatomy after adjustment for possible confounding baseline characteristics. The first 
model was of the endpoint death and the second model of the composite endpoint of death or 
severe complication. If a continuous variable was not linear on the logit scale, it was categorized. 
The chi-square statistic, the Hosmer and Lemeshow test and the area under the receiver 
operating characteristics curve were reported to represent model performance. The ranges of 
the performance outcomes in the ten imputed datasets were reported.
A sensitivity analysis was done to examine the impact of not including patients without a CTA 
and treatment with EVAR in our analysis.  First, we compared the baseline characteristics of 
included vs. not included patients. Second, patients not included because no CTA was carried 
out were considered as hostile anatomy and EVAR treated patients were considered as friendly 
anatomy. Subsequently, a multivariable regression model was made to assess the risk of dying 
in friendly and hostile anatomy after adjustment for age, sex, comorbidity, SBP, CPR and type of 
intervention. 
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Figure 1 Flow chart

Flow chart of inclusion of 279 patients with friendly and hostile aortoiliac anatomy for EVAR. CTA = 
computed-tomographic angiography; EVAR = endovascular aneurysm repair; rAAA = ruptured abdominal 
aortic aneurysm

Patients with an rAAA in the 
Amsterdam Acute Aneurysm cohort

n=539

Patients eligible for treatment and 
CTA carried out n=387

Patient with friendly anatomy n=71
    infrarenal rAAA n=68
   ruptured illiacal aneurysm n=3

Excluded
-  no CTA n=80, death rate 56%
   (ci 45 to 67)(45 of 80)
-  no intervention n=66
   death rate 100% ( 66 of 66)
-  patients with unkown 
   demographics and outcome n=6

Patients treated with EVAR n=73
Death rate 26% (ci 17 to 37)(19 of 73)

Patients eligible for inclusion,
treated with open repair and CTA 

n=314

Excluded
-  unknown suitability n=23
   death rate 35% (ci 19 to 55)(8 of 23)   
-  previous (r)AAA repair n=9
   rAAA with aortoenteric fistula n=3
   death rate 58% (ci 32 to 81)(7 of 12)

Included in the analysis
n=279

Patient with hostile anatomy n=208
   infrarenal rAAA n=203
   ruptured illiacal aneurysm n=3
   rAAA with aortocaval fistula n=2
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RESULTS

During the inclusion period, 539 consecutive patients with an rAAA were admitted to the 
hospitals in the Amsterdam ambulance region (Figure 1). Of these patients, 259 were not 
included in the present study because no CTA was carried out (80), they were treated with EVAR 
(73), no intervention was done (66) or demographics and outcome were unknown (6).  Of 314 
patients eligible for inclusion, 35 patients were excluded due to unknown aortoiliac anatomy 
classification (23), previous aortic reconstruction (9) or an rAAA with aortoenteric fistula (3). In 
total, 279 patients were included in the analysis of which 71 had friendly and 208 had hostile 
anatomy. The infrarenal aortic segment was hostile for EVAR in 156 cases, the iliac arteries were 
hostile in 39 cases and in 13 patients there were other or unknown reasons for hostile anatomy 
classification.
The baseline characteristics are shown in Table 2 and were comparable between patients with 
friendly and hostile anatomy (p>0.05). Suprarenal aortic cross clamping was necessary in 27% 
of patients with friendly anatomy (19 of 70, 1 unknown), and in 43% of patients with hostile 
anatomy (87 of 201, 8 unknown) (p=0.02).

Table 2. Baseline characteristics

Friendly anatomy Hostile anatomy p

Number of patients 71 208
Age in years, mean (SD) 74.6 (9.0) 74.3 (8.2) 0.80‡
Sex ratio m:f (% male)  59:12 (83) 161:47 (77) 0.40¶
Cardiac comorbidity 47 (33) 92 (44) 0.64 – 0.96†
Pulmonary comorbidity 14 (20) 45 (22) 0.73 – 0.94†
Renal comorbidity 9 (13) 28 (13) 0.71 – 0.95†
Cerebrovascular comorbidity 14 (20) 35 (17) 0.52 – 0.85†
Lowest in-hospital SBP, median (IQR) 90 (68 – 130) 100 (80 – 126) 0.17 – 0.37¶
Cardiopulmonary resuscitation 8 (11) 14 (7) 0.04 – 0.51†
Hemoglobin in mmol/L, median (IQR) 7.3 (5.9 – 8.1) 6.8 (5.9 – 8.0) 0.38 – 0.59¶
Creatinine in µmol/L, median (IQR) 108 (90 – 146) 108 (85 – 134) 0.26 – 0.49¶
GAS, median (IQR) 90 (80 – 99) 86 (74 – 97) 0.13 – 0.32¶

Suprarenal aortic cross clamping 19 (27) 
(1 unknown)

87 (43)
(7 unknown) 0.02†

Values in parenthesis are percentages unless indicated otherwise. ‡ students t-test ¶ Mann-Whitney U 
test † chi-squared test  EVAR = endovascular aneurysm repair, SD = standard deviation, SBP = systolic 
blood pressure, IQR = inter-quartile range, GAS = Glasgow aneurysm score  The ranges of outcomes of the 
statistical tests in the ten imputed datasets were reported.



CHAPTER 7

96

Outcomes
The outcomes are shown in Table 3. The death rate in patients with friendly anatomy was 38% (27 
of 71, 95% confidence interval (CI) 28 – 50%) and in patients with hostile anatomy this was 30% 
(63 of 208, CI 24 – 37%) p=0.23). The composite death or severe complication rate in patients 
with friendly anatomy was 61% (43 of 71, CI 49 – 71%) vs. 60% in patients with hostile anatomy 
(125 of 208, CI 53 – 67%) (p=0.95). The proportion of any severe complication, length of hospital 
stay, length of ICU stay and peroperative blood loss did not differ between the groups (P>0.05). 
The survival analyses are shown in Figure 2. After two years, 49% (CI 38 – 61%) of patients with 
friendly anatomy were still alive vs. 58% of patients with hostile anatomy (CI 52 – 65%) (p=0.16).

Table 3. Outcomes

Friendly anatomy Hostile anatomy

% (patients) CI % (patients) CI p

Death rate 38 (27 of 71) 28 – 50 30 (63 of 208) 24 – 37 0.23†
Severe complication rate* 36 (16 of 44) 24 – 51 43 (62 of 145) 35 – 51 0.45†
Composite endpoint death 
or severe complication 61 (43 of 71) 49 – 71 60 (125 of 208) 53 – 67 0.95†

median IQR median IQR

Length hospital stay in days* 16 9 - 30 16 10 - 30 0.39¶
Length ICU stay in days* 2 1 - 9 3 1 – 8 0.58¶
Estimated blood loss in L 3.5 1 - 5 3 1.4 - 6 0.47¶

Death rate at 30 days or in-hospital. *rate in discharged patients† chi-squared test  ¶ Mann-Whitney U test 
CI = 95% confidence interval, IQR = inter-quartile range, ICU = intensive care unit.  

Logistic Regression
After multivariable adjustment for possible confounders, the risk of dying was not higher in 
patients with hostile anatomy (adjusted odds ratio 0.744, CI 0.394 – 1.404). The risk of dying or 
developing severe complications was also not higher in patients with hostile anatomy (adjusted 
odds ratio 1.068, CI 0.591 – 1.930) (Table 4). 

Aortoilliac anatomy
The CTA of 215 of 279 patients could be retrieved from the archives and details of the aortoiliac 
anatomy are shown in Table 5. In patients with friendly anatomy, the median infrarenal neck 
length was 23 mm (IQR 17 – 35) and diameter was 25 mm (22 – 27). In patients with hostile 
anatomy because of the infrarenal neck, the median infrarenal neck length was 10 mm (IQR 5 – 
17) and diameter was 25 mm (IQR 23 – 32)  (p<0.01 and p=0.01, respectively). In patients with 
friendly anatomy, the common iliac artery diameters were 16 mm (IQR 12 – 18) and 14 mm (IQR 
12 – 18). In patients with hostile anatomy because of the iliac arteries, the common iliac artery 
diameters were 21 mm (IQR 15 - 31) and 18 mm (IQR 14 – 25) (p<0.01 and p=0.02, respectively). 
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Table 4. Multivariable logistic regression models with the endpoint death (30-day or in-hospital) and the 
composite endpoint death or severe complication.

Variable
Endpoint death model Composite endpoint death or 

severe complication model
odds ratio CI odds ratio CI

Age <69 (n=72) reference category reference category
Age 69 – 75 (n=67) 1.520 0.631 – 3.658 1.173 0.564 – 2.442
Age > 75 (n=141) 2.049 0.948 – 4.427 1.442 0.754 – 2.759
Male 0.651 0.334 – 1.269 0.939 0.497 – 1.776
Cardiac comorbidity 1.255 0.704 – 2.238 1.161 0.682 – 1.976
Pulmonary comorbidity 2.329* 1.169 – 4.638 1.433 0.749 – 2.739
Renal comorbidity 1.394 0.597 – 3.254 0.794 0.354 – 1.782
Cerebrovascular comorbidity 1.288 0.599 – 2.771 1.783 0.853 – 3.730
Lowest in-hospital SBP per 10 mmHg 0.828* 0.759 – 0.902 -
Lowest in-hospital SBP > 128 (n=71) - reference category
Lowest in-hospital SBP 100 – 128 (n=72) - 1.772 0.885 – 3.549
Lowest in-hospital SBP 76 – 100 (n=67) - 4.496* 2.100 – 9.624
Lowest in-hospital SBP <76 (n=70) - 2.766* 1.317 – 5.811
Cardiopulmonary resuscitation 2.099 0.696 – 6.331 2.886 0.828 – 10.061
Hostile anatomy 0.744 0.394 – 1.404 1.068 0.591 – 1.930

The death endpoint model included 279 patients and 90 events. Performance: Chi-squared statistic 51.9 – 
57.8 (10 degrees of freedom), p < 0.001, Hosmer & Lemeshow test p = 0.09 – 0.88 area under the receiver 
operating characteristics curve 0.75 – 0.77. The composite endpoint model included 279 patients and 169 
events: Chi-squared statistic (12) = 28.0 – 32.7, P = .001 - .005, Hosmer & Lemeshow test p = 0.43 – 0.96, 
area under the receiver operating characteristics curve = 0.69 – 0.70
* p <0.05 CI = 95% confidence interval, COPD = chronic obstructive pulmonary disorder, SBP = systolic blood 
pressure

Sensitivity Analysis
Most baseline characteristics were comparable between included and not included patients 
(data not shown). The median pre-operative SBP of patients included in the analysis was 100 
mmHg (IQR 75 – 128 mmHg) and 60 mmHg (IQR 18 – 95 mmHg) of patients not included because 
no CTA was carried out (p<0.01). CPR was needed in 8% (23 of 279) of patients included in the 
analysis and in 32% (25 of 80) of patients not included because no CTA was carried out. 
The logistic regression model considering patients in whom no CTA was carried out as hostile 
anatomy and EVAR treated patients as friendly anatomy included 432 surgically treated patients. 
Of these patients 144 had friendly and 288 had hostile anatomy. After multivariable adjustment 
for age, sex, comorbidity, SBP, CPR and type of intervention, the risk of dying was not higher in 
patients with hostile anatomy (adjusted odds ratio 1.090, CI 0.593 – 2.004) (data not shown).
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Table 5. Retrospective measurement of aortoiliac anatomy.

Friendly 
anatomy

Hostile 
infrarenal 
neck

Hostile iliac 
arteries

p

Number of patients 58 118 28
Infrarenal neck length in mm 23 (17 – 35) 10 (5-17) 21 (17 – 28) <0.01
Infrarenal neck diameter in mm 25 (22 – 27) 25 (23 – 32) 23 (19 – 27) 0.01 
Infrarenal neck angulation in degrees 40 (25 – 55) 37 (19 – 50) 36 (18 – 62) 0.47 
Aneurysm angulation in degrees 51 (30 – 66) 45 (27 – 62) 56 (31 – 74) 0.25 
Aneurysm diameter in mm 72 (64 – 86) 80 (67 – 91) 70 (61 – 84) 0.03 
Common right iliac artery diameter in mm 16 (12 – 18) 15 (12 – 19) 21 (15 – 31) <0.01 
Common left iliac artery diameter in mm 14 (12 – 18) 15 (12 – 18) 18 (14 – 25) 0.02 

All measurements are median values, values in parentheses are IQR = inter-quartile range A Kruskal-Wallis 
test was performed for the corresponding p-values.

Figure 2 Survival analysis of patients with friendly and hostile anatomy.
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DISCUSSION

In patients with a ruptured abdominal aortic aneurysm treated with open repair, the outcomes 
are comparable between patients with friendly and hostile aortoiliac anatomy for EVAR. We 
reject our hypothesis. 
For us, the most plausible explanation for this surprising conclusion is optimisation of logistics 
in the Amsterdam ambulance region. In this region care has been centralised in three hospitals 
with 24-hr full emergency vascular service since 2003. In the Amsterdam Acute Aneurysm 
Trial, the precursor of the present study, the results after OR were better than anticipated.6  
Further analysis of the referral patterns showed that the lower death rates can be explained 
by the regional cooperation.22 Thus, we consider logistic aspects of care to be more important 
contributors to the outcomes after an rAAA than aortoiliac anatomy. Examples of such logistic 
aspects are permissive hypotension during transport, the availability of a 24-hr full vascular 
service with specialised staff, a preoperative CTA immediately on arrival at the hospital, 
specialised anaesthetic care and a level III intensive care unit.

Confounding by aortic anatomy
Some observational studies have reported a higher death rate after OR than after EVAR in patients 
with an rAAA.10, 11 However, two randomised trials showed no significant difference in death rates 
after OR and EVAR. 6, 12 To date, only patients with friendly anatomy for EVAR have been included 
in the randomised trials. It has been hypothesized that selection by aortoiliac anatomy explains 
the inconsistencies between observational and randomized studies.3  Aortoiliac anatomy might 
also be an important confounder within observational studies comparing EVAR and OR. The 
results of the present study contradict these hypotheses.  We suspect that other confounding 
factors explain the conflicting outcomes between observational and randomised studies. 
Examples of such factors are preoperative blood pressure13 and resuscitation14,  intervention 
at a specialised vascular hospital with a high annual case-load15, 16, hypothermia17, after-hours 
surgery18, and specialised anaesthetic19 and intensive care.   

Friendly anatomy rate 
Of patients evaluated with CTA, the friendly anatomy rate for EVAR in the present study was 
49% (174/356). The friendly anatomy rate of previous studies ranged between 54% and 99%20 
3, 21. Compared to these studies, the friendly anatomy rate in the Amsterdam region was rather 
low. Caregivers adhered mostly to the IFU because little data or guidelines are available on 
the use of endografts outside the IFU in patients with an rAAA. One might consider the IFU 
criteria for friendly and hostile anatomy in our study as conservative. The anatomy of some 
patients graded as hostile by our observers, might be considered friendly by others. Possibly, this 
resulted in comparable aortoiliac anatomy between the two groups. However, the retrospective 
measurements of aortoiliac anatomy showed that in patients with hostile anatomy the infrarenal 
necks were shorter and wider indeed and the common iliac arteries wider. 
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Previous studies
The present study expands upon previous studies that considered the outcomes in patients with 
friendly or hostile anatomy for EVAR. 3-5, 21 First, aortoiliac anatomy was classified prospectively 
in the acute setting by the treating vascular surgeon and interventional radiologist. In this way, 
the classification is applicable to the previously described selection bias by type of intervention 
in observational studies. Second, the present study was conducted in several hospitals reflecting 
daily practice and increasing the external validity of our results. 
Our results conflict with those of three previous studies.3-5 The largest and most important study 
was conducted in 233 patients in Bern, Switzerland.3 In the Bern study, the 30-day death rate 
after OR in patients with suitable aortoiliac anatomy was only 4% (CI 1 – 12%), in patients with 
borderline anatomy 16% (CI 9 – 27%) and in patients with unsuitable anatomy 24% (CI 17 – 
33%). After multivariable adjustment for case-mix and hemodynamic stability, the risk of dying 
was higher in patients with unsuitable anatomy. It is hard to determine why our results are so 
conflicting with those of this similar study. Differences between the studies are numerous and 
listed in Table 6 (appendix), but their importance is difficult to judge. The most striking difference 
was the method of anatomical classification (prospectively vs. retrospectively). Moreover, 
patients hemodynamically unstable to undergo CTA were considered as unsuitable for EVAR in 
the Bern study. Applying these criteria to our study would not change our conclusions, because 
the odds ratio for dying in hostile vs. friendly anatomy would then be 1.103 (CI 0.599 – 2.032) 
after adjustment for age, sex, comorbidity, SBP and CPR (data not shown). 
In accordance with our results, a retrospective study of 82 patients by Ten Bosch et al. reported 
a 30-day death rate in patients treated with OR but with anatomy suitable for EVAR of 46% (CI 
28 – 64%) vs. 49% (CI 34 – 64%) in patients with anatomy unsuitable for EVAR (P=0.75).21 It is 
noteworthy that in this study, the assessment of anatomy was retrospective as it was in the Bern 
study.    
No definite conclusions can be drawn from these conflicting results and more studies are 
needed. A barrier to solving the controversy is that only observational studies can be used and 
these are always subject to bias. Adjustment to eliminate differences in hemodynamic stability, 
as was done in the Bern study and in our study, is of major importance in minimizing the risk of 
confounding within such a study.

Limitations
An important limitation of the present study was the inclusion of only 279 of all 467 surgically 
treated patients. We examined the impact of excluding three groups of patients separately. The 
first and most important group consisted of 80 patients in whom no CTA was carried out and 
73 EVAR treated patients. The second group contained 23 patients in whom no prospective 
evaluation of aortoiliac anatomy was available. The third group harboured 12 patients who were 
excluded because of their diagnosis. For the first group, the sensitivity analysis was conducted. 
After multivariable adjustment for possible confounders, the risk of dying was not higher in 
patients with hostile anatomy  Moreover, pre-operative SBP per 10 mmHg (adjusted odds ratio 
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0.858, CI 0.805 – 0.914) and CPR (adjusted odds ratio 2.740, 1.228 – 6.113) were significantly 
associated with dying in this model. This underlines the importance of hemodynamic stability in 
patients with an rAAA. 
For the second group if we considered these patients as having friendly anatomy, the death rate 
in patients with friendly anatomy would be 37% (35 of 94, CI 28 – 47%) and in patients with 
hostile anatomy 31% (64 of 209, CI 25 – 37%). If we considered these patients as having hostile 
anatomy, the death rate in patients with friendly anatomy would be 38% (27 of 71, CI 28 – 50%) 
and in patients with hostile anatomy 31% (72 of 232, CI 25 – 37%). These crude death rates 
barely differ from the primary outcomes.  
The third group of excluded patients was considered as ‘extra difficult rAAA patients’. Risk profiles 
and outcomes of these patients were so unalike, that statistical methods could not eliminate 
differences in case-mix. 
To summarise, the impact of not including 188 of 467 surgically treated patients appears to be 
little on our conclusions. However, we cannot rule out any residual confounding or selection bias.  
Moreover, the number of patients in the friendly and hostile anatomy group was disproportional 
and we might falsely reject our hypothesis.
Another limitation was that in 9% (26 of 280) of patients some data was missing. Most missing 
data concerned the variables SBP (5%, 15 of 280), and CPR (5%, 13 of 280). In these 26 patients, 
the death rate was high (58%, 15 of 26, CI 39 – 75%). We coped with the missing data by multiple 
imputation and included ‘death’ as a predictor in the imputation model to adjust for most 
missing data in the most critically ill patients. 
While statistical methods were used to eliminate differences in observed confounders, another 
limitation of the present study was that we were unable to adjust for differences in unobserved 
intra-operative confounders such as blood loss and duration of intervention. 

Conclusions
In patients with an rAAA treated with OR in the Amsterdam region, the death rate in patients with 
friendly and hostile aortoiliac anatomy was comparable. Moreover, severe complication rate, a 
composite endpoint of in-hospital death or severe complication, long-term survival, length of 
hospital stay, length of intensive care unit (ICU) stay and peroperative blood loss did not differ. 
Finally, after adjustment for possible confounders the risk of dying or a severe complication was 
not higher in patients with hostile anatomy than in patients with friendly anatomy. Based on 
these results, we conclude that outcomes after open repair for a ruptured abdominal aortoiliac 
aneurysm are comparable in patients with anatomy friendly and hostile to EVAR. 
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SUMMARY AND GENERAL DISCUSSION

This thesis focuses on the treatment and outcome of patients with ruptured aneurysm of the 
abdominal aorta (rAAA), and in particular on the treatment with endovascular aneurysm repair 
(EVAR). 

For Chapter 2, evidence on total mortality of rAAA was systematically reviewed. Studies were 
included if they included descriptions of both outside and in-hospital mortality from rAAA. The 
estimated pooled total mortality rate of rAAA in the 24 included population-based studies was 
81 percent (95% CI 78 - 83). When arranged chronologically, a meta-regression analysis showed 
a significant decline in the risk of death (p=0.002) over time. The pooled estimate of total 
mortality in high-quality studies before 1990 was 86 (95% CI 83 - 89) per cent, compared with 74 
(95%CI 72 - 77) percent since 1990. This is probably the result of improvements in diagnostics, 
logistics, surgical treatment and intensive care over the last decades.
Furthermore, our analysis shows that a large proportion of patients with rAAA do not undergo 
surgery. Thirty-two percent (32%) of the patients die without presentation to a hospital and 
another 27% die in the hospital without intervention. Consequently, less than half of all rAAA 
patients are treated by surgery. An improvement in surgical technique, no matter how significant, 
will only affect the patients treated by surgery. So next to improving surgical mortality, it is 
important to try to reduce the number of patients left untreated by improving the diagnostic 
accuracy outside the hospital, and optimise logistics and conditions before arriving at the 
hospital. 

In Chapter 3, the feasibility and possible harm of a protocol for controlled hypotension is 
described. To optimise conditions during transport by ambulance for patients with a possible 
rAAA, the protocol was introduced as part of the AJAX study. The protocol prescribes that 
patients suspected of rAAA (possibly with a different final diagnosis) should be administered 
intravenous fluids only if systolic blood pressure is below 80mmHg.  The majority (71%) of 
the 295 patients suspected of having rAAA had a systolic blood pressure of over 100mmHg. 
The protocol was followed in 83% of all patients. Of 295 patients suspected of having rAAA, 
28% had rAAA as a final diagnosis. Our analysis showed that it is very unlikely that a protocol 
for controlled hypotension causes any harm to patients who ultimately did not have rAAA. 
Furthermore, this study showed that conditions were optimised for patients with rAAA. 

After introduction of the minimally invasive EVAR technique in elective aneurysm repair, the 
hypothesis was that in the acute patient, the advantage would be more significant. Earlier 
observational studies of EVAR for rAAA suggested a significant reduction in mortality and 
complications compared to OR.(1,2) However, these observational studies were flawed by 
selection bias. To create an objective comparison between the two treatments, the Amsterdam 
Acute Aneurysm Trial was designed.(3)

In Chapter 4, the results of our randomised trial comparing EVAR and OR for rAAA are 
reported. During 2004-2011, a total of 116 patients suitable for both EVAR and OR were 
included and randomised. The primary endpoint for our study was combined mortality and 
major complications at 30 days. For the primary endpoint, an absolute risk reduction of 5.4% 
(95%CI -13% - 23%) was found, which differed significantly from the initially hypothesized 25% 
difference. On secondary endpoints, patients with EVAR had significantly less acute kidney 
failure, and less blood products were administered. Secondary endpoints such as hospital and 



SUMMARY AND GENERAL DISCUSSION 

 
107

ICU stay, the number of complications, and re-interventions were in favour of EVAR but did not 
reach statistical significance, possibly because of the relatively small sample size.
The results from the trial were different than what we initially anticipated. Most importantly, 
the mortality after OR was surprisingly low, contributing to a smaller risk difference compared 
with EVAR. The low mortality after OR can be partly explained by improved logistics including 
pre-operative CT scanning, and centralized care. Furthermore, the number of failures from EVAR 
was relatively high. Intraoperative conversion from EVAR to OR occurred in 8 of 57 patients 
randomised for EVAR. An additional 6 patients were surgically treated because of a type I 
endoleak. If failures can be reduced, results after EVAR could be even better.

In Chapter 5, we describe the analysis of all patients with rAAA in the Amsterdam region who 
presented to any of the participating hospitals. A change in logistics and centralisation of care 
for rAAA patients was organised in light of the Amsterdam Acute Aneurysm trial. In this chapter 
the regional cooperation is described and survival is analysed. 
Of 453 identified patients with a rAAA in our region, 61 patients (13.5%) were not surgically 
treated. Of all surgically treated patients, over 90% were treated in one of three vascular centres. 
Multivariate and propensity adjustment showed that patients had a higher chance of survival 
in one of the vascular centres. Outcome was corrected for confounders such as age, gender 
and hemodynamic stability (based on systolic blood pressure and resuscitation). Analysis also 
showed that referral from a regional hospital to a vascular centre was not correlated with a 
higher chance of dying, despite possible delay in treatment.
The regional admission survival rate (58.5%, CI 53.9 – 62.9%) observed in our study was higher 
than a previously published study on Dutch admission survival rate (46%, CI 43 – 49). We 
concluded that regional cooperation with centralised care was successful, safe and most likely 
improves survival. 

In Chapter 6, we assess the potential of semi-automatic software to determine EVAR suitability. 
Not all patients with rAAA can be treated with EVAR because of unsuitable anatomy.(4) Suitability 
is determined with the help of CTA. Aortic diameters, lengths and angles are usually measured 
on axial planes. Adequate patient selection is very important, as endoleaks and graft dislocation 
should be avoided. In previous research, differences between observers (inter-observer 
variability) were described when assessing anatomy for EVAR suitability.(5) With the help of 
a semi-automated generation of a central lumen line, vessel diameters and lengths can be 
measured. The software  (3mensio Vascular, Bilthoven Netherlands) has been used in elective 
patients with AAA(6) but never in rAAA. We hypothesised the software could help the observer 
in the assessment of EVAR suitability.
Six observers assessed 50 patients with rAAA by using the software. In the majority of assessments 
a semi-automatic assessment was possible (median 76%, range 64-78%). Failures were mainly 
the result of inadequate contrast load, probably as a result of low cardiac output. The group 
agreement on suitability was moderate (kappa value of 0.55, CI 0.48-0.62), and the agreement 
between individual observers differed (kappa values between 0.40 and 0.72). The median time 
for assessment was 7.5 minutes (interquartile range 5.5-10.6).
By introducing a semi-automatic method to assess suitability, we hoped to minimise the 
influence of the clinician on the final interpretation. Although some observers liked the way of 
measuring with the software, most experienced observers preferred measuring on axial and 
transverse planes. 
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In Chapter 7, the role of aneurysm anatomy as a confounding factor on outcome after open 
repair was investigated. Patients with anatomy considered unsuitable for EVAR usually have 
shorter infrarenal necks. This hostile anatomy could be difficult to treat with open repair as 
compared to a more friendly anatomy, resulting in differences in mortality. Because of our 
randomised cohort, we have a unique group of patients with EVAR friendly anatomy who have 
been treated by open repair. These patients were compared with patients with hostile anatomy 
for mortality and complications.
Of 279 included patients, 71 had friendly anatomy and 201 had hostile anatomy. Suprarenal 
cross-clamping was considered necessary in 43% of patients with hostile anatomy versus 27% 
of patients with friendly anatomy (p=0.02). The 30-day or in-hospital mortality was 38% (CI 28-
50) in patients with friendly anatomy versus 30% (CI 24-37) in patients with hostile anatomy 
(p=0.23). No significant difference was observed in combined mortality and severe complication 
rate, secondary endpoints and long-term survival.
Contrary to what one would expect, anatomy did not influence mortality after open surgery. 
Probably other factors such as hemodynamic stability play a much more important role in the 
survival rate. 

Limitations and Future Perspective

The Amsterdam Acute Aneurysm study was designed as a regional study in a defined area of 1025 
km2 with 1.38 million inhabitants and thus a population density of 1375/km. All hospitals and 
ambulance services cooperated in the centralised logistics in order to treat patients in vascular 
centres and data collection. Employees of the ambulance services and in the emergency rooms, 
vascular surgeons, radiologists and other treating staff all reported data, and a truly unique 
prospective cohort of rAAA patients was created. From an epidemiological point of view, this 
provides for a population-based cohort in which selection bias is limited. However, generalising 
and comparing results directly to other regions may not be appropriate due to differences in 
infrastructure, the size of the region and population-based confounding factors. Also, because 
of the ongoing randomised trial, efforts to achieve a lower mortality and improve cooperation 
might have been higher compared to a normal situation.

With a randomised study design in groups suited for both treatments, we minimised the bias 
typically seen in observational studies, yielding comparable results after EVAR and OR. 116 
patients of all rAAA were eventually included. Because of this relatively small sample size, some 
outcome measures may not have been significant due to a type II error. Newer data from the 
IMPROVE trial in the UK(7,8), in which an EVAR strategy is compared to an all-OR strategy, yields 
results comparable to the Acute Aneurysm Trial, but in a larger sample size (35 versus 37% 
regional 30-day mortality, odds ratio 0.92 (95%CI 0.66 to 1.28; P=0.62)).
Although of relative importance in relation to the endpoint of mortality, EVAR is likely to offer 
advantages for secondary endpoints, such as complications per patients, ICU stay and time to 
discharge. In addition, a minimally invasive procedure with a smaller scar and quick recovery 
are important factors in the eyes of the patient. From the hospital management and healthcare 
perspective, a comparison of costs between the two treatment options is also important and 
should be studied further.(8,9) 
Our study did not show a significant benefit of EVAR compared with open surgery regarding 
mortality and major complications. However, one might expect that with improving technology, 
more aneurysms can be successfully treated by EVAR and might reduce mortality. Using hybrid 
theatres with sophisticated angiography and possible CTA already in place are elements that are 
within reach, and will help to improve the success of interventions.  
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The main reason for exclusion from the randomised trial was unsuitable anatomy for EVAR. 
The assessment of suitability is an observer-dependent process, in which experience is likely 
to influence the percentage of patients deemed suitable. Other studies report higher rates for 
suitability compared to our region, and the inclusion possibly could have been higher if less strict 
anatomical criteria were used. As EVAR technology progresses and with increasing experience, 
more challenging anatomy can be treated by EVAR. However, it should be noted that this 
might increase the number of patients with type 1 endoleak.  Such a complication can lead to 
conversion to open repair — and, as our study shows, is a source of severe complications and 
death.(10)  
An aorto-uni-iliac graft was used throughout the trial period, mainly to achieve rapid 
haemodynamic control and because of the simple technique. A meta-analysis shows no difference 
in outcome between bifurcated and aorto-uni-iliac graft when corrected for hemodynamic 
stability (11). Nowadays, probably as a result of the worldwide increase in experience, the 
bifurcated graft is more widely used. 
Standardization in assessment of suitability with (semi)automatic software may improve results 
and comparisons between different cohorts of patients. With a (semi)automatic approach, 
opinions on suitability of different observers are better aligned. The potential of using improved 
software and its impact on patient outcome needs further study. 

The data from the regional cohort study, including the patients of the Acute Aneurysm trial, 
showed an overall improved regional survival rate after open repair. This is likely the result of 
well-organised care in a cooperative, well-structured and geographically dense region. Logistics 
and protocols were optimised as part of the randomised trial.
A large proportion of rAAA will always remain untreated and even undiagnosed, the goal is to 
keep this number as low as possible. Reducing mortality from rAAA is achieved by optimising 
conditions in several important phases — before, during and after surgery. The conditions 
include accurate initial diagnosis outside the hospital to controlled hypotension during transport, 
direct computed tomography, a low non-operative rate, proper selection for EVAR, experienced 
anesthesiological care, an experienced surgical team and well-experienced intensive care after 
surgery. Many factors in the process from diagnosis to discharge contribute to the survival rate 
of rAAA patients. The route to lower mortality from rAAA should be well organised and well 
structured.
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Supporting information Chapter 2

Search strategy systematic review
Pubmed
(((aneurysm abdomen aortic) OR aortic abdominal aneurysms OR aortic abdominal aneurysm 
OR abdominal aortic aneurysms OR abdominal aortic aneurysm OR abdominal aneurysms aorta 
OR abdominal aneurysm aorta) AND (acute OR rupture OR ruptures OR ruptur*) AND (mortality 
OR fatal* OR autopsy OR death OR survival OR surviv*)) AND ((population) OR (incidence) OR 
(prevalence))
(last search January 2013)

Embase
((abdominal aorta aneurysm.mp. or exp abdominal aorta aneurysm/ AND (exp RUPTURE/ 
or exp AORTA RUPTURE/ or exp ANEURYSM RUPTURE/ or rupture*.mp. or acute.mp. or exp 
emergency/ or emergen*.mp.) OR ((aorta rupture.mp. or exp aorta rupture/ or acute aneurysm.
mp. or acute aorta.mp. or aneurysm rupture.mp. or exp aneurysm rupture/) AND abdomen.mp. 
or exp ABDOMEN/ or abdom*.mp.)) AND
(mortality.mp. or exp MORTALITY/ or fatal*.mp. or exp fatality/ or exp autopsy/ or death.mp. or 
exp DEATH/ or exp survival rate/ or exp survival/ or surviv*.mp.) AND
(population.mp. or exp POPULATION/ or exp POPULATION RESEARCH/ or exp INCIDENCE/ or 
incidence.mp. or prevalence.mp. or exp PREVALENCE/ or exp EPIDEMIOLOGY/ or ep.fs.)
(last search January 2013)
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Supporting Figure 1 chapter 2 Mortality of high-quality studies

Total mortality in studies graded as high quality (score at least 4). Studies are listed according to midpoint of 
the study interval. The point estimate of total mortality for eacht study and the pooled estimate are shown 
with 95% confidence intervals (CI) A random effects model was used. 
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Supporting information Chapter 5
Table S1. Propensity adjusted logistic regression models. A propensity score is a single score 
per patient ranging between 0 and 100% and is used to adjust for selection by caregivers. In 
our analysis, the score was calculated with a logistic regression model which included age, 
SBP, resuscitation and year of intervention. Hence the propensity score of a single patient was 
a weighted summary of these variables. The complete cohort model included all patients to 
assess the influence of hospital setting (vascular centre or referring hospital) on survival. In the 
complete cohort, the endpoint of the propensity model was ‘intervention at a referring hospital’ 
to adjust for allocation of treatment in a referring hospital. The centre cohort included only 
patients treated in a vascular centre to assess the influence of patient transfer (to transport from 
a referring hospital to a center or not) on survival.
In the centre cohort, the endpoint of the propensity model was ‘patient transfer’ to adjust for 
transport to a vascular centre.  

Variable Complete cohort Centre cohort 
odds ratio (95% CI) odds ratio (95% CI)

Propensity score continuous in % - 1.119 (1.079 – 1.159)*
Propensity score 1.4 – 5.8% (n=98) reference category
Propensity score 5.8 – 10.2% (n=99) 1.708 (0.874 – 3.341) -
Propensity score 10.2 – 13.6% (n=95) 1.401 (0.678 – 2.896) -
Propensity score 13.6 – 25.0% (n=100) 1.139 (0.527 – 2.465) -
Vascular centre 2.290 (1.159 – 

4.524)*
-

Patient transfer - 0.892 (0.498 – 1.599)

The complete cohort included 392 patients and 244 survivors. The propensity score was categorized because 
of no linearity in the logit. Performance: chi-square statistic 7.2 – 14.4 (4 degrees of freedom) P = .008 - .13, 
Hosmer and Lemeshow test P =.54 - .99, area under the receiver operating characteristics curve .56 – .61. 
The centre cohort included 352 patients and 226 survivors. Performance: chi-square statistic 51.6 – 59.8 (2 
degrees of freedom) P <.001, Hosmer and Lemeshow test P = .18 – .84, area under the receiver operating 
characteristics curve .72 – .74. P <.05

Table S2. The baseline characteristics of patients in the complete cohort stratified for hospital 
setting (vascular centre or referring hospital). The results in the imputed datasets are shown. 

Vascular centres Referring 
hospitals

p

Age in years, mean (±SDa) 74.6 ±8.5 72.7 ±9.9 0.203†
Male/female, % (No.) 81.5/18.5 (287/65) 32/8 0.831‡
Cardiac comorbidity *1, % (No.) 44.9 (158/352) 14/40 0.132 – 0.502‡
Pulmonary comorbidity *2, % (No.) 19.6 (69/352) 6/40 0.296 – 0.671‡
Renal comorbidity *3, % (No.) 11.7 (41/352) 2/40 0.287 – 0.786‡
Cerebrovascular comorbidity *4, % (No.) 13.6 (48/352) 6/40 0.469 – 0.812‡
Lowest in-hospital SBPb, median (IQRc) 90 (70 – 120) 90 (55 – 129) 0.260 – 0.965¶
Resuscitation, % (No.) 12.8 (45/352) 4/40 0.332 – 1.000‡
No CTAd made, % (No.) 12.2 (43/352) 25/40 <0.001‡
Year of intervention, % (No.)
  2004 11.7 (41/352) 4/40 0.036¥
  2005 12.8 (45/352) 13/40
  2006 17.9 (63/352) 7/40
  2007 17.1 (60/352) 5/40
  2008 15.1 (53/352) 1/40
  2009 13.4 (47/352) 4/40
  2010 11.1 (39/352) 5/40
  2011 1.1 (4/352) 1/40

*1 previous history of arrhythmia, cardiac surgery or myocardial infarction *2 previous history of chronic 
obstructive pulmonary disorder (chronic obstructive pulmonary disorder) *3 previous history of chronic 
kidney failure or dialysis *4 previous history of transient ischemic attack or stroke † unpaired students 
t-test, ‡ range of chi-square test, ¶ range of Mann-Whitney U test, ¥ chi-square test for trend. aSD = 
standard deviation, bSBP = systolic blood pressure in mmHg, cIQR = inter-quartile range, 
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Table S3. The baseline characteristics of patients in the centre cohort stratified for patient 
transfer (to transport from a referring to a vascular centre or not). The results in the imputed 
datasets are shown. 

No transport Transport P
Age in years, mean (±SDa) 74.6 ±8.6 74.4 ±8.4 0.205†
Male/female, % (No.) 80.1/19.9 (214/53) 85.9/14.1 (73/12) 0.238‡
Cardiac comorbidity *1, % (No.) 43.1 (115/267) 50.6 (43/85) 0.113 – 0.306‡
Pulmonary comorbidity *2, % (No.) 17.6 (47/267) 24.7 (21/85) 0.069 – 0.232‡
Renal comorbidity *3, % (No.) 9.0 (24/267) 18.8 (16/85) 0.006 – 0.024‡
Cerebrovascular comorbidity *4, % (No.) 12.0 (32/267) 18.8 (16/85) 0.039 – 0.134‡
Lowest in-hospital SBPb, median (IQRc) 86 (68 – 114) 104 (80 – 140) 0.001 – <0.001¶
Resuscitation, % (No.) 15.4 (41/267) 4.7 (4/85) 0.004 – 0.029‡
No CTAd made, % (No.) 15.4 (41/267) 2.4 (2/85) 0.001‡
Year of intervention, % (No.)
  2004 12.7 (34/267) 8.2 (7/85) 0.842¥
  2005 12.4 (33/267) 14.1(12/85)
  2006 18.0 (48/267) 17.6 (15/85)
  2007 15.4 (41/267) 22.4 (19/85)
  2008 15.4 (41/267) 14.1 (12/85)
  2009 13.9 (37/267) 11.8 (10/85)
  2010 11.2 (30/267) 10.6 (9/85)
  2011 1.1 (3/267) 1.2 (1/85)

*1 previous history of arrhythmia, cardiac surgery or myocardial infarction *2 previous history of chronic 
obstructive pulmonary disorder (chronic obstructive pulmonary disorder) *3 previous history of chronic 
kidney failure or dialysis *4 previous history of transient ischemic attack or stroke † unpaired students 
t-test, ‡ range of chi-square test, ¶ range of Mann-Whitney U test, ¥ chi-square test for trend aSD = 
standard deviation, bSBP = systolic blood pressure in mmHg, cIQR = inter-quartile range, dCTA = computed-
tomographic angiography

Table S4. Combined multivariable and propensity adjusted logistic regression models. The 
complete cohort model included all patients to assess the influence of hospital setting (trial 
centre or referring hospital) on survival. The centre cohort included only patients treated in a 
vascular centre to assess the influence of patient transfer (to transport from a referring hospital 
to a centre or not) on survival. 

Variable Complete cohort Centre cohort 
odds ratio (95% CI) odds ratio (95% CI)

Male sex 1.356 (0.786 – 2.338) 1.432 (0.773 – 2.650)
Cardiac comorbidity 0.518 (0.362 – 0.933)* 0.667 (0.398 – 1.116)
Pulmonary comorbidity 0.578 (0.332 – 1.008) 0.398 (0.211 – 0.750)*
Renal comorbidity 0.628 (0.307 – 1.284) 0.531 (0.244 – 1.156)
Cerebrovascular comorbidity 0.648 (0.346 – 1.214) 0.824 (0.397 – 1.712)
Type of surgery (ORa) 0.590 (0.314 – 1.107) 0.639 (0.323 – 1.262)
Propensity score continuous in % - 1.124 (1.083 – 1.167)*
Propensity score 1.4 – 5.8% (n=98) reference category -
Propensity score 5.8 – 10.2% (n=99) 1.898 (0.926 – 3.890) -
Propensity score 10.2 – 13.6% (n=95) 1.421 (0.657 – 3.077) -
Propensity score 13.6 – 25.0% (n=100) 1.066 (0.482 – 2.355) -
Vascular centre 2.405 (1.187 – 4.873)* -
Patient transfer - 1.066 (0.575 – 1.978)

The complete cohort model included 392 patient and 244 survivors. The propensity score was categorized 
because of no linearity in the logit. Performance: chi-square statistic 29.5 – 38.5 (10 degrees of freedom) 
P <.001 – 0.004, Hosmer and Lemeshow test P =.09 - .96, area under the receiver operating characteristics 
curve .65 – .70. 
The centre cohort included 352 patient and 226 survivors. Performance: chi-square statistic 72.7 – 81.3 (8 
degrees of freedom) P <.001, Hosmer and Lemeshow test P = .23 – .66, area under the receiver operating 
characteristics curve .76 – .78. P <.05 aOR = open surgery
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Table S5. Multivariable logistic regression models to calculate the propensity score. In the 
complete cohort model, the endpoint was ‘intervention a referring hospital‘. In the centre cohort 
model, the endpoint was ‘patient transfer’.

Variable Complete cohort Centre cohort 
odds ratio (95% CI) odds ratio (95% CI)

Age (per year) 0.982 (0.946 – 1.019) 0.994 (0.965 – 1.024)
Lowest in-hospital SBPa (per 10 mmHg) 0.952 (0.869 – 1.044) 1.087 (1.020 – 1.159)*
Resuscitation 1.915 (0.474 – 7.741) 2.008 (0.647 – 6.234)
Year of intervention (2007 or 2008) 0.334 (0.131 – 0.852)* 1.339 (0.750 – 2.392)
Year of intervention (2009 or 2010 or 2011) 0.337 (0.308 – 1.497) 0.958 (0.505 – 1.819)

The complete cohort model included 392 patients and 40 interventions in a referral hospital. Performance: 
chi-square statistic 8.0 – 10.3 (5 degrees of freedom) P = .07 - .16, Hosmer and Lemeshow test P = .05 - .91, 
area under the receiver operating characteristics curve .63 – .65. 
The centre cohort model included 352 patients and 85 transferred patients. Performance: chi-square 
statistic 13.1 – 18.4 (5 degrees of freedom) P = .003 – .02, Hosmer and Lemeshow test P = .009 – .32, area 
under the receiver operating characteristics curve .63 – .66. 
* P <.05  aSBP = systolic blood pressure

Supporting information Chapter 6

Scanning protocol suspected rAAA
Centre A

Sliding gantry Siemens Somatom Sensation 64, Erlangen, Germany. Slice thickness 3 
mm, collimation 0.6mm, reconstruction increment 0.75 mm, pitch 1.2. Contrast protocol: power 
injection 100 ml Ultravist 300 (Bayer Healthcare Pharmaceuticals, Germany), 5 ml/s ,bolus 
tracking, 50 ml NaCl saline chase 5 ml/s.

Centre B
 Siemens Somatom Sensation 64, Erlangen, Germany slice thickness 1.5 mm, collimation 
0.6 mm, reconstruction increment 1 mm, pitch 1.2. Contrast protocol: power injection 100 ml 
Ultravist (Bayer Healthcare Pharmaceuticals, Germany) 300, 5 ml/s, bolus tracking.
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Supporting information chapter 7

Table 6. Comparison between Bern study3 and the Amsterdam acute aneurysm cohort assessing 
the influence of aortic anatomy on outcomes after OR.  

Bern Amsterdam
Number of patients included 233 consecutive patients 279 selected patients

Assessment suitability
Retrospective by a vascular 
surgeon and an interventional 
radiologist independently 
under corelab-conditions

Prospective by a 
vascular surgeon 
and an interventional 
radiologist together in 
the acute setting

Categorisation of patients

Suitable vs. borderline 
(including debatable patients) 
vs. unsuitable based on 
anatomy and hemodynamic 
stability

Friendly  vs. hostile 
(=suitable vs. 
unsuitable) based on 
anatomy (no debatable 
category included)

Type of study Single centre Multicentre
Transfer from regional hospital, 
% (number) 69 (172 of 248) 37 (104 of 279)

Rejection rate, % (number) 9 (24 of 274) 12 (66 of 533)
Age in years, median (IQR) 73 – 74 (66 – 80) 76 (69 – 80)
Male, % (CI) 89 (207 of 233) 79 (59 of 279)
Lowest in-hospital SBP, median 
(IQR) 92 – 95  (70 – 122)* 100 (75 – 128)
Cardiopulmonary resuscitation, 
% (number) 4 (10 of 248)* 8 (23 of 279)
GAS without cerebrovascular 
score, median (IQR) 79 – 83 (72 – 95)* 86 (76 – 96)
Hemoglobin in mmol/L, median 
(IQR) 5.7 – 5.9 (4.5 – 7.0) 6.9 (5.9 – 8.1)
In-hospital death rate, % 
(number, CI) 16 (39 of 248, 12 – 21) 32 (90 of 279, 27 - 38)

* provided by authors of Bern study, included in table with permission
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NEDERLANDSE SAMENVATTING EN TOEKOMSTPERSPECTIEVEN

Dit proefschrift richt zich op de behandeling en de resultaten van patiënten met een geruptureerd 
of acuut aneurysma van de abdominale aorta (rAAA), met name op de endovasculaire 
behandeling (EVAR) hiervan. 

Hoofdstuk 2 is een systematische zoekopdracht en review van studies over totale mortaliteit 
van rAAA. Studies werden geïncludeerd indien zij zowel patiënten met een rAAA beschreven 
die buiten het ziekenhuis overleden als die werden gepresenteerd in het ziekenhuis. De 
geschatte mortaliteit van de 24 geïncludeerde populatie studies samen was 81 procent (95% 
betrouwbaarheids-interval (ci) 78-83). De metaregressie analyse liet een significante daling 
zien van de kans om te overlijden na een RAAA (p=0.002). De totale mortaliteit uit de studies 
van hoge kwaliteit voor 1990 was 86 procent (ci 83-89), vergeleken met 74 procent (ci 72-77) 
na 1990. Deze daling is waarschijnlijk een gevolg van verbeteringen in diagnostiek, logistiek, 
chirurgische behandeling en intensieve zorg in de laatste decennia.
Hiernaast liet de studie zien dat een aanzienlijk deel van patiënten met rAAA niet wordt 
geopereerd. 32% van alle patiënten met een rAAA komt te overlijden zonder te worden 
gepresenteerd in het ziekenhuis, en nog eens 27% overlijdt in het ziekenhuis zonder chirurgische 
interventie. Dit heeft tot gevolg dat nog niet de helft daadwerkelijk wordt geopereerd. Een 
verandering in de operatietechniek, hoe ingrijpend deze ook is, is dan ook alleen van nut voor 
die patiënten die daadwerkelijk worden geopereerd. Hierdoor is het belangrijk om naast de 
operatiesterfte, ook het aantal patiënten wat niet wordt geopereerd te verminderen. Mogelijk 
kan dit door diagnostiek te verbeteren en logistiek en condities voor aankomst in het ziekenhuis 
te optimaliseren.

In hoofdstuk 3 wordt de haalbaarheid en mogelijke schade van een protocol voor ‘controlled 
hypotension’ bij patiënten verdacht van een rAAA geanalyseerd. Om de omstandigheden van 
patiënten met een mogelijke rAAA tijdens het transport met ambulance te optimaliseren werd 
dit protocol ingevoerd als onderdeel van de AJAX trial. Het protocol stelt dat patiënten verdacht 
van een rAAA (mogelijk dus met een andere diagnose), alleen intraveneuze vochttoediening 
dienen te ontvangen indien zij een bloeddruk hebben van onder de 80mmHg. Het merendeel 
(71%) van de 295 patiënten verdacht van een rAAA, had een systolische bloeddruk van boven de 
100mmHg. Het protocol werd gevolg in 83% van alle patiënten. Van de 295 patiënten verdacht 
van een rAAA, had 28% ook daadwerkelijk rAAA als ontslagdiagnosis. Uit onze analyse bleek dat 
het ingevoerde protocol voor controlled hypotension waarschijnlijk geen schade toebrengt bij 
patiënten met een andere ontslagdiagnose. Verder lieten deze resultaten zien dat voor patiënten 
met een rAAA de omstandigheden werden geoptimaliseerd. 
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Naar aanleiding van studies over het gebruik van de minimaal invasieve endovasculaire techniek 
(EVAR) in electieve patiënten, werd de hypothese gevormd dat de techniek bij acute patiënten 
mogelijk een groter voordeel zou opleveren. Vroege observationele studies van EVAR bij rAAA 
patiënten, suggereerden een significante daling in mortaliteit en complicaties vergeleken met 
de open operatie. Echter waren deze resultaten gekleurd door selectie van patiënten. Om een 
objectieve vergelijking te kunnen maken werd de Amsterdamse Acute Aneurysma studie gestart.

In hoofdstuk 4 worden de resultaten van onze multicenter gerandomiseerde studie gepresenteerd 
waarin EVAR met de open operatie wordt vergeleken als behandeling voor patiënten met rAAA. 
In de periode tussen 2004 en 2011 zijn in totaal 116 patiënten geïncludeerd, welke geschikt 
waren voor beide behandelingen. Het primaire eindpunt was een gecombineerd eindpunt; 
sterfte en ernstige complicaties op 30 dagen na operatie. Een uiteindelijke risicoreductie van 
5.4% (ci -13%-23%) werd gevonden hetgeen sterk afweek van het vooraf ingeschatte verschil 
van 25%. Op secundaire eindpunten was er significant minder nierinsufficiëntie en werden 
minder bloedproducten toegediend in de groep gerandomiseerd voor EVAR. Andere secundaire 
eindpunten zoals de duur van ziekenhuisopname en IC opname, het aantal complicaties en 
acute heroperaties waren in het voordeel van EVAR, echter zonder statistisch significant verschil. 
Mogelijk is dit het gevolg van de relatief kleine onderzochte populatie.
De resultaten van deze studie waren anders dan we initieel hadden verwacht. Met name de 
sterfte na de open behandeling was verrassend laag, hetgeen het verschil met EVAR verkleinde. 
De lage mortaliteit na open behandeling kan deels worden verklaard door verbeterde logistiek 
met onder andere preoperatieve CTA, en gecentraliseerde zorg. Wat verder op viel, was dat 
het aantal patiënten met een onsuccesvolle EVAR hoog was. Peroperatief werden er 8 van de 
57 patiënten gerandomiseerd voor EVAR, geconverteerd naar open behandeling. Nog eens 6 
patiënten werden postoperatief open behandeld vanwege een type I endolekkage. Indien deze 
conversies worden verminderd, zouden de resultaten na EVAR nog beter kunnen zijn.

In hoofdstuk 5 worden alle patiënten met een rAAA die zich presenteerden in een van de 
ziekenhuizen in de regio Amsterdam geanalyseerd. Vanwege de AJAX trial werd in de regio 
Amsterdam de logistiek gewijzigd en een regionaal samenwerkingsverband ingevoerd. In dit 
hoofdstuk wordt deze samenwerking beschreven en de overleving van patiënten met een rAAA 
in de regio Amsterdam. 
Van 453 patiënten met rAAA in onze regio , werden er 61 patiënten (13,5% ) niet operatief 
behandeld. Van alle chirurgisch behandelde patiënten, werd meer dan 90 % behandeld in een van 
de drie vasculaire centra . Analyse na multivariate en propensity correctie laat zien dat patiënten 
die werden behandeld in een vasculair centrum een hogere kans hadden om te overleven. Deze 
uitkomsten werden gecorrigeerd voor factoren als leeftijd, geslacht, hemodynamische stabiliteit 
(op basis van systolische bloeddruk en reanimatie). Verder bleek dat het verwijzen vanuit een 
perifeer centrum naar een vasculair centrum niet was gerelateerd aan een hogere kans op 
sterfte, ondanks de mogelijke vertraging tot behandeling.
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De regionale overleving van patiënten die werden opgenomen in het ziekenhuis bedroeg 58.5% (ci 
53.9-62.9) en was hoger dan een eerder gepubliceerde Nederlandse studie welke een overleving 
van 46% (ci 43-49) beschreef. We concludeerden dat het regionale samenwerkingsverband met 
gecentraliseerde zorg succesvol was, veilig en waarschijnlijk bijdraagt aan een betere overleving.

In hoofdstuk 6, werden de mogelijkheden van semiautomatische software onderzocht om 
EVAR geschiktheid te bepalen. Niet alle patiënten met een rAAA kunnen worden behandeld 
met EVAR vanwege ongeschikte anatomie. Geschiktheid wordt bepaald met behulp van CTA , 
waarbij diameters , lengtes en hoeken van de aorta worden gemeten. Adequate selectie van 
patiënten is erg belangrijk, om endolekkage en dislocatie te voorkomen. In eerder onderzoek 
werd onenigheid tussen waarnemers (inter-observer variabiliteit) beschreven bij het meten van 
anatomie en EVAR geschiktheid. Met behulp van een semiautomatisch gegenereerde ‘central 
lumen line’, kunnen diameters en lengtes van de aorta worden gemeten . De software (3mensio 
Vascular, Bilthoven Nederland ) is ontwikkeld voor gebruik in electieve patiënten met AAA, maar 
niet getest voor patiënten met rAAA. De hypothese was dat deze software bij de beoordeling 
van geschiktheid kan helpen. 
Zes waarnemers beoordeelden allen 50 patiënten met rAAA met behulp de software. In de 
meerderheid van de beoordelingen was een semiautomatische evaluatie mogelijk (mediaan 76%, 
ci 64-78 %). De werkzaamheid van de software werd beperkt in scans met een gebrek aan contrast, 
waarschijnlijk een bijkomende verschijnsel bij patiënten met een laag hartminuutvolume. De 
overeenstemming bij de waarnemers over de geschiktheid was matig (kappa waarde van 0,55 , 
ci 0,48-0,62 ), en de overeenkomst tussen de individuele waarnemers varieerde (kappa waarden 
tussen 0,40 en 0,72). De mediane tijd voor de beoordeling was 7,5 minuten (interkwartielbereik 
5,5-10,6). Door deze semi-automatische methode te gebruiken hoopten we de invloed van 
de arts op de uiteindelijke interpretatie te minimaliseren. Hierdoor zou de evaluatie minder 
afhankelijk van de waarnemer worden en een objectievere meting gegenereerd. Hoewel 
sommige artsen de manier van meten met de software als prettig ervoeren, hadden de meeste 
ervaren waarnemers voorkeur voor meten op de vertrouwde axiale en transversale vlakken.
 
In hoofdstuk 7 wordt de rol van anatomie van het aneurysma onderzocht, en de invloed op 
sterfte na een open operatie. Patiënten met anatomie ongeschikt voor EVAR, hebben meestal 
kleinere infrarenale halzen. Deze anatomie kan eveneens moeilijk te behandelen zijn met open 
operatie, in vergelijking met makkelijkere anatomie, en resulteren in verschillen in mortaliteit. 
Vanwege ons gerandomiseerde cohort, hebben we een unieke groep patiënten met anatomie 
geschikt voor EVAR, maar welke zijn behandeld met een open operatie. Deze patiënten werden 
vergeleken met patiënten met lastigere anatomie waarbij werd gekeken naar sterfte en 
complicaties.
Van de 279 opgenomen patiënten met rAAA, hadden er 71 geschikte anatomie voor EVAR en 
201 hadden lastigere anatomie. Suprarenaal klemmen werd in 43 % van de patiënten met lastige 
anatomie versus 27 % van de patiënten met makkelijkere anatomie (p=0.02) noodzakelijk geacht. 
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De mortaliteit na 30 dagen of tijdens de ziekenhuisopname bij patiënten met geschikte anatomie 
was 38% (ci 28-50) versus 30 % (ci 24-37 ) bij patiënten met lastigere anatomie (p=0,23). Er werd 
geen significant verschil waargenomen in gecombineerde mortaliteit en ernstige complicaties, 
secundaire eindpunten, lange termijn overleving of na multivariate correctie. 
Er werden in onze analyse geen aanwijzingen gevonden dat anatomie van het aneurysma 
de sterfte beïnvloedt bij een open operatie. Waarschijnlijk spelen andere factoren zoals 
hemodynamische stabiliteit een belangrijkere rol in de overleving .

Beperkingen en toekomstperspectieven
De Amsterdamse Acute Aneurysma studie is een regionale studie in een gebied van 1025 km2 met 
1.380.000 inwoners en heeft daarmee een bevolkingsdichtheid van 1375/km. Alle ziekenhuizen, 
ambulancediensten en behandeld personeel hebben samengewerkt om patiënten in vasculaire 
centra te behandelen en met het verzamelen van gegevens. Dankzij medewerking van de gehele 
regio is dit unieke prospectieve cohort tot stand gekomen. Vanuit epidemiologisch oogpunt, is 
een cohort van een afgesloten regio en populatie erg sterk en wordt patientselectie hierdoor 
beperkt. Echter vanwege deze specifieke regio is het toepassen van onze resultaten op andere 
regio’s niet vanzelfsprekend. Belangrijke factoren zoals infrastructuur, grootte, prevalentie van 
roken en sekse distributie verschillen. Ook het uitvoeren van een dergelijke gerandomiseerde 
studie kan hebben bijgedragen tot een versterkte aandacht en daarmee mogelijk een lagere 
sterfte. 

Door middel van de gerandomiseerde opzet is de bias zoals in eerdere observationele studies 
geminimaliseerd. Dit leverde vergelijkbare resultaten op na EVAR en open operatie. Er werden 
116 patiënten gerandomiseerd en mogelijk vanwege deze relatief kleine populatie, zijn sommige 
uitkomsten niet significant verschillend als gevolg van een type II fout. Recente data uit de 
IMPROVE trial in de UK waarin een EVAR strategie wordt vergeleken met een strategie waarbij alle 
patiënten open worden geopereerd, laat vergelijkbare resultaten zien met de Amsterdam Acute 
Aneurysm Trial. De IMPROVE studie met een grotere populatie rapporteert een vergelijkbare 
30-dagen mortaliteit na EVAR van 35% versus een mortaliteit van 37% na open operatie (odds 
ratio van 0.92, BI 0.66-1.28, p=0.62)

Hoewel misschien minder belangrijk in vergelijking met het primaire eindpunt, kan EVAR 
waarschijnlijk voordelen bieden op secundaire eindpunten zoals complicaties per patiënt, ICU 
verblijf en opnameduur. 
Daarnaast zal een minimaal invasieve procedure met een kleiner litteken en een snel herstel 
belangrijk zijn in de ogen van de patiënt. Vanuit gezondheidszorg- en maatschappelijk oogpunt, 
is een vergelijking van de kosten tussen de twee behandelingen ook belangrijk.
Onze studie toonde geen significant voordeel van EVAR in vergelijking met open chirurgie met 
betrekking tot sterfte en ernstige complicaties. Indien bij verbetering van de technologie meer 
aneurysmata met succes met EVAR kunnen worden behandeld, dat mogelijk ook de sterfte hier 
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door daalt. Het gebruik van hybride operatiekamers met geavanceerde angiografie en eventueel 
CTA op de operatiekamer, zijn ontwikkelingen die binnen handbereik zijn en zullen bijdragen tot 
verbetering van de interventie.

De belangrijkste reden voor exclusie van de gerandomiseerde trial was ongeschikte anatomie 
voor EVAR. De beoordeling of een patiënt geschikt is, is erg subjectief. Hierbij heeft mogelijk 
ervaring met EVAR een grote invloed op het percentage patiënten dat geschikt wordt geacht. 
Studies uit andere regio’s laten een hoger percentage geschikte patiënten zien dan in onze 
regio, en het inclusiepercentage zou mogelijk hoger kunnen zijn geweest indien minder strikte 
voorwaarden voor anatomische geschiktheid waren gebruikt.
Gezien de EVAR technologie verbetert en de ervaring hiermee ook, zal steeds meer uitdagende 
anatomie kunnen worden behandeld met EVAR. Echter, er moet hierbij wel goed op complicaties 
zoals type I endoleaks worden gelet. Een dergelijke complicatie kan conversie en open correctie 
behoeven, en zoals wij in onze studie zagen, een bron zijn voor ernstige complicaties en sterfte. 

Tijdens de studieduur werd met name gebruik gemaakt van een aorto-uni-illiacale prothese, 
vanwege snelle hemodynamische controle en het gebruiksgemak. Een meta-analyse van Karkos 
laat geen verschil zien in uitkomst tussen bifurcatie- en aorto-uni-illiacale endoprotheses. 
Tegenwoordig wordt er, waarschijnlijk vanwege toegenomen ervaring, meer gebruik gemaakt 
van een endoprothese met bifurcatie. Standaardisering door middel van het gebruik van 
semiautomatische software om de geschiktheid van patiënten voor EVAR te beoordelen kan er 
toe leiden dat er betere vergelijking mogelijk is tussen verschillende cohorten en mogelijk ook 
tot betere resultaten. Met een dergelijke semiautomatische beoordeling liggen de meningen 
van beoordelaars mogelijk beter op een lijn. Het gebruik van dergelijke software en het effect 
hiervan voor de patiënt behoeft verder onderzoek.

Het cohort van rAAA-patiënten van de gehele regio, inclusief de gerandomiseerde patiënten, liet 
een verrassend hoge regionale overleving zien na open operatie. Dit is waarschijnlijk het gevolg 
van de goed georganiseerde zorg in een regio die samenwerkt, gestructureerd is en dichtbevolkt 
is. Logistiek en protocollen zijn voor de trial ingevoerd en geoptimaliseerd. 

Hoewel een groot deel van de patiënten met rAAA onbehandeld zal blijven, of zelfs niet 
gediagnosticeerd wordt, is het doel dit aantal zo laag mogelijk te houden. Om de sterfte van 
rAAA te verminderen is het van belang de omstandigheden te optimaliseren in de pre-, per- en 
post-operatieve fase. Deze optimalisaties zijn te vinden in accuraat diagnosticeren van rAAA, 
controlled hypotension tijdens transport, CT scan bij aankomst, een laag percentage patiënten 
dat niet wordt geopereerd, goede selectie voor EVAR, ervaring anesthesiologische zorg tijdens 
de operatie, een ervaren chirurgisch team en een ervaring intensieve zorg na de operatie. Vele 
factoren van diagnose tot ontslag spelen een rol in de overleving van rAAA patiënten. Om een 
lagere sterfte van rAAA te verkrijgen zijn een goede structuur en organisatie een noodzaak. 
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PHD PORTFOLIO

Name PhD student:  Jorik Reimerink

PhD period:   2009 –2012

Name PhD supervisor:  Prof. dr. D.A. Legemate, dr. R. Balm

Year ECTS
General courses 

- Evidence Based Surgery 

- Starting up your PhD (LAC-UvA course)

- Scientific Writing in English for publication

- Evidence Based Searching

- Practical Biostatistics

- Basic Epidemiology

- BROK (Basicursus Regelgeving Klinisch Onderzoek)

- Reference Manager 

- AMC world of science

2008

2009

2009

2008

2009

2009

2009

2009

2009

 0.7

0.2

1.5

0.1

1.1

1.1

0.9

0.1

0.7

Seminars, workshops and master classes

- Weekly Department Lectures AMC

- Vascular Rounds Lectures

- Ruys Lectures 

- Master Class by Janet Powell

2009-2012

2009-2013

2009-2012

2013

4

3

1

0.2
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Year
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2009-2013
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1

0.5

0.5

0.5
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2011  1.5

Parameters of Esteem
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2012

2013

Grants

- Dutch Heart Foundation
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