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Chapter 1

GENERAL INTRODUCTION

Aortic aneurysms
An aneurysm is a pathological dilation of the segment of a blood vessel that exceeds the 
normal diameter of at least 1.5 times1. The risk of having an aneurysm is rupture which 
causes life-threatening bleeding needing emergent treatment. Aortic aneurysms could 
be classified based on their location. The predominant location for aortic aneurysms is 
the abdominal aorta (abdominal aortic aneurysm = AAA) which is the part of the aorta 
located below the diaphragm within the abdomen. Most AAAs are at the infrarenal 
location. Less frequently, aortic aneurysms are located in the chest cavity (thoracic aortic 
aneurysm = TAA) or in a combination of both (thoracic-abdominal aortic aneurysm 
(ThAAA). Known risk factors for developing an AAA are male gender, increased age, family 
history of aneurysmal disease, and cardiovascular disease2. In studies examining screening 
programs, the prevalence of an AAA is between 1 and 2% in 65-year-old men3,4. Usually, 
an aneurysm grows slowly at around 2-3 mm per year5. However, larger aneurysms grow 
faster and are at a higher risk of rupture6,7. Rupture rates are higher in women and smokers 
and are increased in patients with higher blood pressure6.

Aortic aneurysm treatment
Aortic aneurysm repair is the most effective treatment option for patients with either an 
intact (non-ruptured) or ruptured aneurysm. In patients with an intact aneurysm, aneurysm 
repair is performed to prevent rupture. Patients with an intact aneurysm may have an 
asymptomatic or symptomatic aneurysm. The decision to treat asymptomatic patients is 
based on the perioperative risks, the risk of rupture (determined by size and morphology), 
and the patient’s estimated life expectancy since aneurysm repair is associated with 
perioperative risks8. The threshold diameter for considering AAA treatment in men is 5.5 
cm, while in women, despite higher perioperative mortality9, a lower threshold of 5.0 cm 
may be considered due to a higher risk of rupture8. Patients presenting with a symptomatic 
aneurysm (abdominal pain, back pain, or a tender aneurysm) are thought to have a higher 
rupture risk than patients with an asymptomatic aneurysm. Symptomatic aneurysms 
should be treated under optimal conditions in a delayed setting since emergency repair 
is associated with a higher risk of perioperative complications8. For patients with a ruptured 
AAA, aneurysm repair is the only life-saving treatment and can be offered to most patients 
that reach the hospital. About one-third of all patients presenting with a ruptured aortic 
aneurysm die before reaching a hospital10. Of all patients that reach a hospital, 40% do 
not undergo surgery due to refusing aneurysm repair or being in such a poor condition 
that surviving aneurysm repair, including a meaningful quality of life, is very unlikely10.
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Treatment modalities
Two treatment methods are available to accomplish aneurysm repair for intact and 
ruptured aneurysms: open surgical repair (OSR) and endovascular aortic repair (EVAR). 
OSR involves the replacement of the diseased aortic segment with a prosthetic graft 
through a midline or retroperitoneal incision. In contrast, EVAR involves the placement of 
a stent inside the aorta, delivered via the femoral arteries. Treatment of AAAs is the least 
complex in infrarenal AAAs. In contrast, treatment is more complex for juxtarenal and 
suprarenal AAAs due to involvement of the renal arteries and/or superior mesenteric artery. 
In patients with a juxtarenal AAA, OSR requires suprarenal clamping, while in patients 
with a suprarenal AAA, it might be needed to position the aortic clamp above all visceral 
vessels. In patients with a juxtarenal or suprarenal AAA receiving endovascular treatment, 
the proximal landing zone for stent-grafts needs to be extended by incorporating arteries 
in the graft with fenestrations Preferences for treatment modality depend on the setting 
in which the treatment is performed, patients’ age, comorbidities, life expectancy, and 
morphology8.

Treatment outcomes of intact abdominal aortic aneurysms
Since the introduction of EVAR in 199111 EVAR has been increasingly performed to 
treat intact AAAs. However, both EVAR and OSR appear to have their advantages and 
disadvantages. Over the years, the performance of EVAR versus OSR has been compared 
by several RCTs12–15. In the pooled results of these studies, patients treated with EVAR had 
a significant survival benefit for up to 3 years. This effect was lost during mid-term follow-
up16. Moreover, long-term reinterventions appear to be more frequent following EVAR16 
due to stent-related complications. However, the actual difference in reinterventions 
might be less as the largest trial included in the pooled results did not report laparotomy-
related complications16 which occur more often following OSR17. To prevent stent-related 
complications, frequent follow-up or surveillance is needed following EVAR, especially 
in patients treated outside the instructions for use (IFU)8,16. Comparable to the RCTs, 
observational studies examining data from vascular registries or administrative databases 
identified lower perioperative mortality rates following EVAR18–20. The guidelines of the 
European Society for Vascular Surgery (ESVS)8 and the Dutch guideline21 suggest that in 
most patients with suitable anatomy and reasonable life expectancy (>2-3 years), EVAR 
should be considered as the preferred treatment option. While in patients with a long life 
expectancy (>10-15 years) OSR should be considered. No treatment is recommended in 
patients with limited life expectancy (<2-3 years).

Treatment outcomes of ruptured abdominal aortic aneurysms
In patients with a ruptured AAA, the choice for EVAR is less evident than for patients 
with an intact AAA. Ruptured AAA treatment outcomes of EVAR and OSR were compared 

1
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in several RCTs and observational studies. Interestingly, no statistical difference was 
found in perioperative mortality between EVAR and OSR in the performed RCTs22, but 
this may also be due to the chosen set-up of the study. Observational studies and data 
from administrative registries showed lower perioperative mortality for EVAR23. These 
opposite results could also be explained by selection bias23, as in observational studies, 
stable patients are more likely to undergo EVAR as patients must be stable enough to 
undergo a computed tomography angiography (CTA) to be considered for EVAR. The most 
recent guidelines suggest that EVAR is recommended as the first option in patients with 
ruptured AAA and suitable anatomy8,21.

Treatment outcomes of complex aortic aneurysms
Complex aortic aneurysms involving the renal arteries and/or superior mesenteric artery 
were traditionally treated with OSR. However, in recent years endovascular techniques 
including fenestrated EVAR (FEVAR) and branched EVAR (BEVAR) have been increasingly 
introduced in several hospitals due to improvement in stent technology and advancement 
in endovascular experience. No RCTs have been performed to compare OSR with 
endovascular treatment for complex aortic aneurysms so far, and most observational data 
comparing FEVAR and OSR are prone to selection bias24.

Real-world data
Knowledge about treatment outcomes is important for clinicians and patients to make 
optimal treatment choices. Although RCTs are still the gold standard in comparing clinical 
interventions25, the results of RCTs could be misleading when applied in the real world, 
potentially due to an unrepresentative selection of patients or improved outcomes over 
time26. Moreover, RCTs only include the results of a limited number of hospitals, potentially 
centers of excellence. Therefore, complementary to RCTs, observational cohort studies 
consisting of real-world data provide vital information27, especially to examine outcomes 
following treatment of elderly patients or to evaluate nationwide outcomes over time. 
Nowadays, several national and regional vascular registries have been established to reflect 
on real-world clinical outcomes28 and drive national improvement programs to optimize 
outcomes after aneurysm repair29.

Quality improvement initiative in Dutch healthcare
In the Netherlands, quality of care has gained more attention from doctors, politicians, 
the government, and health insurance companies in the last two decades. Clinicians 
and hospitals were forced to become more open and transparent about their treatment 
outcomes and accountable for the care provided. However, there was a lack of valid 
information on the quality of care. Therefore, some surgeons decided to monitor the results 
of their performed colorectal surgical procedures, whereafter the results were shared 
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with all Dutch colleagues to learn from it. This resulted in a decrease in complications 
following colorectal surgery, and after this success, several other national clinical audits 
were established30. These national clinical audits, also quality registries, were based on 
the clinical auditing principle, which was first described by Ernest Codman, an American 
surgeon who lived in the early 20th century31.

Dutch Surgical Aneurysm Audit
Within this quality improvement movement, the Dutch Surgical Aneurysm Audit (DSAA) 
was established in 2013 by the Dutch Society for Vascular Surgery. The aim of the DSAA is 
to evaluate and improve the actual quality of Dutch aneurysm care. For all hospitals and 
Dutch vascular surgeons, it is mandatory to register all performed aortic surgeries in the 
DSAA. The DSAA is facilitated by the Dutch Institute for Clinical Auditing (DICA). Currently, 
DICA facilitates 21 disease-specific quality registries and supports quality registries with 
processes such as supporting the registration of clinical data by clinicians and data 
managers, providing feedback to clinicians and hospitals on their clinical outcomes, 
comparing outcomes of hospitals with the benchmark (national mean) using indicators 
and funnel plots, and making hospital results transparent (based on indicators)32. Each year, 
the scientific committee of the DSAA consisting of vascular surgeons discusses, together 
with stakeholders such as health insurers and patient associations, which indicators should 
be used for comparing hospital results and which results should become transparent. 
In addition to the transparent indicators, some indicators are used to provide internal 
feedback to hospitals. Finally, the DSAA is used to perform observational cohort studies 
that evaluate the nationwide quality of aortic aneurysm care, reflecting outcomes in 
the real world. However, besides many advantages and possibilities, our mandatory 
nationwide registry also has its shortcomings as a limited follow-up and its threats as a 
high registration burden for clinicians.

Therefore, this thesis aims to gain insight into the quality and real-world outcomes of the 
current practice of aortic aneurysm treatment in the Netherlands. Moreover, this thesis 
investigates new opportunities to develop the DSAA further.

The main study questions of this thesis are:
-	� Have the outcomes of AAA care improved in the Netherlands since the 

introduction of the DSAA?
-	� What are the outcomes of subgroups treated for abdominal aortic aneurysms in 

the Netherlands, and is there room for improvement in these outcomes?
-	� What are the outcomes of the Dutch patients treated for complex aortic 

aneurysms, and does hospital volume influence these outcomes?
-	� How can the DSAA be developed further?

1
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THESIS OUTLINE

This thesis consists of three parts.

In the first part of this thesis, abdominal aortic aneurysm treatment outcomes are 
evaluated.

The DSAA aims to evaluate and improve the quality of Dutch aneurysmal care by providing 
feedback to hospitals. Auditing and feedback generally lead to small but potentially 
significant improvements in professional practice33. However, it is unknown whether 
outcomes have improved since the introduction of the DSAA. Therefore, in Chapter 2, we 
evaluate whether the main outcomes of intact AAA repair (mortality, major complications, 
and textbook outcome) have improved since the establishment of the DSAA.

Several RCTs have compared outcomes of EVAR versus OSR in a predetermined population. 
In the last decade, the number of patients over 80 years (octogenarians) that qualify for 
elective AAA repair was increasing18, probably due to an aging population. However, 
performed RCTs barely have enrolled patients over 80 years, and current studies, including 
observational data, have not described detailed outcomes for octogenarians. Chapter 3 
describes the results of octogenarians following intact AAA repair, assesses the influence 
of comorbidities on these outcomes, and identifies which octogenarians have high and 
low perioperative risks. Also, ruptured AAA perioperative outcomes for octogenarians 
based on nationwide data reflecting real-world practice are scarce. Chapter 4 investigates 
the outcomes of octogenarians following ruptured AAA repair and assesses which 
preoperative factors influence perioperative outcomes of octogenarians.

Previous studies have reported that perioperative mortality is higher among women 
compared to men, despite correction for patient-related risk factors9. However, hospital-
related factors may influence patient outcomes as well. Chapter 5 examines the influence 
of whether hospital-related factors declare the higher mortality of women following intact 
AAA repair compared to men.

Finally, in order to optimize perioperative outcomes following OSR, those postoperative 
complications that most affect postoperative outcomes need to be highlighted. In Chapter 
6, we investigate which complications are most common following OSR and what the 
influence of these complications is on perioperative outcomes.

In the second part of this thesis, we examine the outcomes of complex aortic aneurysm 
treatment.
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No RCTs have been performed to examine treatment outcomes of complex aortic 
aneurysms, while observational cohort studies reporting on FEVAR and BEVAR 
predominantly describe the results from centers of excellence. Moreover, it is unclear 
whether a volume outcome relationship exists in patients receiving FEVAR or BEVAR. In 
Chapter 7, we describe the nationwide perioperative outcomes of complex EVAR and 
assess the influence of hospital volume on perioperative mortality. Chapter 8 assesses the 
current practice and outcomes of OSR and complex EVAR for juxtarenal AAAs.

In the third part of this thesis, we examine new opportunities for feedback and outcome 
measurement.

The DSAA includes perioperative outcomes that occur up to 30 days following surgery. 
However, complications and reinterventions that occur after 30 days are not scarce 
following EVAR and OSR17. A limited registration burden is essential for quality registries. 
Therefore, adding administrative healthcare data to evaluate mid-term outcomes following 
AAA repair might be valuable. In Chapter 9, we assess the feasibility and the potential 
benefit of adding administrative healthcare data to the DSAA to evaluate mid-term 
reinterventions following intact AAA repair.

Currently, funnel plots comparing the outcomes of individual hospitals with the national 
average outcomes are used to provide feedback to hospitals on their performances over 
the last 36 months, which makes it challenging to determine whether outcomes improve or 
deteriorate over shorter periods. In industrial processes, real-time process control systems 
such as the CUSUM method are widely applied. In Chapter 10, it is investigated whether 
real-time feedback could be provided to hospitals using the CUSUM method, in addition 
to the currently used funnel plots.

1
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Chapter 2

ABSTRACT

Objective
The Dutch Surgical Aneurysm Audit (DSAA) initiative was established in 2013 to monitor 
and improve nationwide outcomes of aortic aneurysm surgery. The objective of this study 
was to examine whether outcome sof surgery for intact abdominal aortic aneurysms (iAAA) 
have improved over time.

Methods
Patients who underwent primary repair of an iAAA by standard endovascular (EVAR) 
or open surgical repair (OSR) between 2014 and 2019 were selected from the DSAA for 
inclusion. The primary outcome was peri-operative mortality trend per year, stratified by 
OSR and EVAR. Secondary outcomes were trends per year in major complications, textbook 
outcome (TbO), and characteristics of treated patients. The trends per year were evaluated 
and reported in odds ratios per year.

Results
In this study, 11 624 patients (74.8%) underwent EVAR and 3 908 patients (25.2%) underwent 
OSR. For EVAR, after adjustment for confounding factors, there was no improvement in 
peri-operative mortality (aOR [adjusted odds ratio] 1.06, 95% CI 0.94-1.20), while major 
complications decreased (2014: 10.1%, 2019: 7.0%; aOR 0.91, 95% CI 0.88-0.95) and the 
TbO rate increased (2014: 68.1%, 2019: 80.9%; aOR 1.13, 95%CI 1.10-1.16). For OSR, the peri-
operative mortality decreased (2014: 6.1%, 2019: 4.6%; aOR 0.89, 95% CI 0.82-0.98), as well 
as major complications (2014: 28.6%, 2019: 23.3%; aOR 0.95, 95% CI 0.91-0.99). Furthermore, 
the proportion of TbO increased (2014: 49.1%, 2019: 58.3%; aOR 1.05, 95% CI 1.01-1.10). 
In both the EVAR and OSR group, the proportion of patients with cardiac comorbidity 
increased.

Conclusion
Since the establishment of this nationwide quality improvement initiative (DSAA), all 
outcomes of iAAA repair following EVAR and OSR have improved, except for peri-operative 
mortality following EVAR which remained unchanged.
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Treatment Outcome Trends for Non-Ruptured AAAs

INTRODUCTION

As a result of endovascular aneurysm repair (EVAR), the management of intact abdominal 
aortic aneurysms (iAAA) has changed dramatically in the last decades resulting in improved 
peri-operative outcomes. Since the first EVAR was performed in the 1990s, many patients 
with suitable anatomy have received EVAR rather than open surgical repair (OSR) because 
of the lower peri-operative risks of EVAR1, with a subsequent decrease in the number 
of patients treated by OSR2–5. Furthermore, frail patients can receive EVAR rather than 
conservative treatment6. These changes in treatment strategy probably have resulted in 
fewer OSRs per hospital, which may have negatively influenced the outcomes of OSR7.

Previous studies have reported trends in the management and outcomes of iAAA repair. 
A study of an international cohort of vascular registries that described trends in the 
management and outcomes of iAAA repair from 2005 up to 2013 reported an overall 
decrease of peri-operative mortality from 3.0% to 2.4% while the peri-operative mortality 
after OSR increased from 3.9% to 4.4%8. Although this international study reported 
numerous patient outcomes, many of the registries included patients on a voluntary basis9. 
Furthermore, Swedvasc, the Swedish national vascular registry, reported a decrease in 30 
day mortality rates following OSR (3.1% in 2006-2011, 2.5% in 2012-2016)1. To date however, 
no studies have examined the most recent trends in the management and outcomes of 
iAAA repair, reflecting real world nationwide data.

The Dutch Surgical Aneurysm Audit (DSAA) is a mandatory quality registry for all aortic 
aneurysm repairs performed by vascular surgeons in The Netherlands, established 
in 2013, to monitor and improve the outcomes of the treatment of abdominal aortic 
aneurysms (AAAs). In the DSAA, all hospitals that perform AAA repair have insight into 
their results, using quality indicators, with other hospitals presented anonymously with a 
95% confidence interval around the national average for comparison. In this way, internal 
feedback on the performance of hospitals is provided10,11. Although audit and feedback 
generally lead to small but potentially important improvements in professional practice12, it 
is not known yet whether the outcomes of iAAA repair have improved in The Netherlands 
since the establishment of the DSAA. The aim of this study was to evaluate whether 
national outcomes of iAAA repair have improved since the establishment of the DSAA. 
Furthermore, changes in patient selection, hospital volumes, and preferred operative 
technique since 2014 were investigated.

2



24

Chapter 2

METHODS

This was a retrospective nationwide study of patients who underwent repair of an iAAA 
in The Netherlands. The study followed the STROBE statement13.

Datasource
The dataset was retrieved from the DSAA, a prospective registered compulsory quality 
registry for all aortic aneurysm repairs performed by vascular surgeons in The Netherlands. 
The DSAA was established in 2013 and started by registering all Dutch patients undergoing 
infrarenal and juxtarenal AAA repair without previous aortic surgery. Since 2016, complex 
endovascular aneurysm repair, thoracic aortic aneurysm repair, and revision surgery 
have been registered. Data verification took place over 2015 through a random sample 
of hospitals showing a case ascertainment of 98.4% and no discrepancies in deaths or re-
interventions14,15. Data verification will be repeated in the near future.

Participants
All consecutive participants that were registered in the DSAA and underwent primary 
iAAA repair using either standard EVAR or OSR, between January 2014 and December 
2019 were included. Patients with missing data on variables date of birth, date of surgery, 
sex, and survival status at the time of discharge or 30 days post-operatively, as well as 
patients aged <18 or >110 years were excluded. No ethical approval or informed consent 
was required for this study according to Dutch law. No distinction exists between private 
and public healthcare in The Netherlands.

Definitions
Intact AAA repairs included both electively treated aneurysms and aneurysms that caused 
symptoms. Aneurysm treatments were categorised by intention to treat; attempts at 
endovascular treatment for aneurysms that were converted from EVAR to OSR during 
surgery were categorised as EVAR. The variables “pulmonary comorbidity” and “cardiac 
comorbidity” were dichotomised per patient into categories “present” or “absent”. From 
2014 to 2018, the variables regarding pulmonary and cardiac comorbidities were based 
on parameters from the V-POSSUM16, while from 2019, “pulmonary comorbidity” and 
“cardiac comorbidity” were based on ICD-10 codes (Table S1). During the study period, 
some hospitals have been merged. When hospitals have been merged during the study, 
the hospitals were classified as one hospital in the years before the merger.

Outcomes
The primary outcome was the peri-operative mortality trend per year (30 day mortality and 
in hospital mortality). Secondary outcomes were trends per year in the outcomes major 
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complications and textbook outcome (TbO), and trends per year in patient characteristics, 
hospital volume, and applied surgical technique (OSR or EVAR). As described before17,18, 
major complications were defined as either intra-operative complications or peri-operative 
complications within 30 days that caused a prolonged stay (length of hospital stay above 
the 75th percentile of living patients registered in the DSAA, stratified by OSR, EVAR, 
elective, or symptomatic [thresholds: EVAR, elective >3 days; EVAR, symptomatic >7 days; 
OSR, elective >12 days; OSR, symptomatic >14 days]), intra-operative complications or peri-
operative complications that caused a re-intervention or death. The specific complications 
included in the categories of peri-operative complications that were included in the 
DSAA are shown in Table S3. TbO is a desirable composite outcome measure that 
provides information on the overall quality of care that can be used for internal quality 
improvement19–22, and could be valuable in shared decision making processes. As described 
by Karthaus et al.21, TbO is achieved in the elective setting if no intra-operative or post-
operative surgical complications, no re-interventions, no prolonged stay (≤4 days for EVAR, 
≤10 days for OSR), no re-admissions and no peri-operative mortality occur within 30 days.

Statistical methods
Firstly, descriptive statistics of outcomes per year were shown for both EVAR and OSR 
patients together, as well as separately. To examine the linear time trends per year for 
outcomes, univariable as well as multivariable logistic regression analyses, using known 
confounders “sex”, “age”, “pulmonary comorbidity”, “cardiac comorbidity”, “haemoglobin”, 
“creatinine”, “urgency”, “aneurysm diameter”, and “aneurysm location” were performed. 
For these multivariable analyses, the missing values of categorical variables were included 
in the models as separate categories. Missing values of continuous variables were not 
included in the multivariable analyses as these were <5%. Because of the low missing 
value rate, it was decided not to impute these using multiple imputation. Secondly, 
linear time trends per year of patient characteristics were examined from 2014 to 2019 
using univariable logistic and linear regression analyses for dichotomous variables and 
continuous variables, respectively. Trends per year regarding hospitals that treated fewer 
than 30 patients per year and number of hospitals were examined using univariable linear 
regression analyses. Additionally, the trends regarding hospital volume were shown using 
boxplots. For linear regression analyses, the beta coefficients, including 95% confidence 
intervals, were reported. For logistic regression analyses, the odds ratios, the exponent of 
the beta coefficient, including 95% confidence intervals, were reported. All analyses were 
performed using R version 4.0.1.

2
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RESULTS

A total of 23063 patients (2587 - 4176 patients per year) were registered in the DSAA 
between January 2014 and December 2019. Of these, 15562 patients treated in 61 hospitals 
underwent EVAR or OSR for a primary iAAA, of whom 15532 (99.8%) were eligible (2445 
- 2753 patients per year) and 30 (0.2%) were excluded (Figure 1). The 7501 patients who 
were not included in this study underwent ruptured AAA repair, thoracic aortic aneurysm 
repair, secondary AAA repair, or complex endovascular repair.

Figure 1: Flow diagram of patients included in the study

Time trends in perioperative outcomes
All patients
Table 1 shows that the peri-operative mortality of all patients included in this study 
remained stable (aOR0.95; 95% CI 0.89-1.02). In 2019, the crude peri-operative mortality 
of all patients was 2.2%. The crude percentage of major complications decreased after 
correction for con-founders, from 14.7% in 2014 up to 11.8% in 2019. Details of the peri-
operative complications that are defined as a major complication are shown in Table 2.
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Table 2: Details of the peri-operative complications that are defined as a major complication, 
stratified per category of peri-operative complications of 15532 patients who underwent 
endovascular (EVAR) or open surgical (OSR) repair for intact abdominal aortic aneurysm

All patients 
(n = 15532)

EVAR 
(n = 11624)

OSR 
(n = 3908)

Patients with major 
complications

1989 1030 959

Abdominal 448 (22.5) 117 (11.4) 331 (34.5)

Neurological 191 (9.6) 82 (8 .0) 109 (11.4)

Pulmonary 491 (24.2) 163 (15.8) 328 (34.2)

Cardiac 340 (17.1) 125 (12.1) 215 (22.4)

Reconstruction 110 (5.5) 74 (7.2) 36 (3.8)

Re-bleeding 176 (8.8) 95 (9.2) 81 (8.4)

Renal 257 (12.9) 64 (6.2) 193 (20.1)

Wound 153 (7.7) 65 (6.3) 88 (9.2)

Arterial occlusion 310 (15.6) 170 (16.5) 140 (14.6)

Infection 252 (12.7) 112 (10.9) 140 (14.6)

Other 491 (24.7) 279 (27.1) 212 (22.1)

Data are presented as n (%). Patients can suffer from more than one complication. Specific 
complications included in the categories of peri-operative complications are detailed in Table S3.

Open surgical repair and endovascular aneurysm repair patients
In Table 3, time trends in peri-operative outcomes per year of EVAR patients and OSR 
patients are shown. In EVAR patients, no linear mortality time trend was found (1.0% in 
2014; 1.3% in 2019). Major complications decreased from 10.1% in 2014 to 7.0% in 2019. 
TbO increased from 68.1% in 2014 to 80.9% in 2019. For OSR patients, mortality decreased 
from 6.1% in 2014 to 4.6% in2019. The percentage of major complications decreased after 
adjustment for confounders, from 28.6% in 2014 to 23.3% in 2019. The TbO rate increased 
from 49.1% in 2014 to 58.3% in 2019.
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Time trends in patient characteristics
All patients
Patient characteristic time trends of all patients, EVAR patients, and OSR patients are 
shown in Table 4 and Table S2. In the group that describes all EVAR and OSR patients, 
the proportion of patients with cardiac comorbidity increased from 2014 to 2019.

Open surgical repair patients and endovascular aneurysm repair patients
Table 4 and Table S2 show that the mean age of EVAR patients increased from 2014, 
whereas it did not in OSR patients. Moreover, both in EVAR patients and OSR patients, 
the proportion of patients with cardiac comorbidity increased (EVAR: 50.6% in 2014 to 
77.4% in 2019; OSR: 47.0% in 2014 to 75.9% in 2019), while the proportion of patients with 
pulmonary comorbidity remained stable (EVAR: 22.4% in 2014 and 24.8% in2019; OSR: 
22.4% in 2014 and 26.0% in 2019), and the mean aneurysm diameter decreased since 2014 
(EVAR: 60.4 mm in 2014 to 59.0 mm in 2019; OSR: 63.8 mm in 2014 to 61.6 mm in 2019). The 
proportion of patients treated for an AAA below the ESVS guideline diameter threshold 
of 55 mm for men, 50 mm for women23 was stable (EVAR: 16.0% in 2014 and 13.5% in 2019, 
OR 1.00, 95% CI 0.99-1.00; OSR: 13.2% in 2014 and 12.1% in2019, OR 1.00, 95% CI 0.99-1.00). 
In EVAR patients, aneurysms were increasingly treated in symptomatic set-tings (5.9% in 
2014 to 8.0% in 2019), while in OSR patients, the reverse applied (14.3% in 2014 to 12.9% in 
2019). In both EVAR and OSR patients, the mortality of patients treated in elective settings 
was lower compared with patients treated in symptomatic settings (EVAR: 0.7% vs. 4.1%, 
p<.001, OSR: 4.9% vs. 8.7%, p<.001). Additional analysis regarding the proximal clamp 
location was per-formed in OSR patients. OSR did not seem to be more complex over the 
years, as the proximal clamp location (suprarenal vs. infrarenal, only registered from 2016) 
did not change over time (suprarenal clamp 30.9% in 2016,31.4% in 2019; OR 1.02, 95% CI 
0.95 - 1.10; not shown in Table 4).
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Time trends in the application of surgical techniques
Table 3 and Figure 2 show the number of patients that received standard EVAR and OSR. 
Complex EVAR (fenestrated EVAR, chimney EVAR, and iliac branched devices [IBD]), which 
was registered in the DSAA from 2016, was shown to provide a complete overview of 
trends in the application of surgical techniques. In 2014 and 2015, the numbers of patients 
that underwent OSR were 683 (24.8%) and 585 (21.6%) per year, respectively. From 2016, 
the percentage of patients that underwent OSR increased from 23.2% in 2016 to 26.8% 
in 2019 (OR 1.07, 95% CI 1.03 – 1.11, ref: 2016). Moreover, the percentage of patients that 
underwent standard EVAR decreased compared with the percentage of patients that 
underwent OSR and complex EVAR (standard EVAR: 71.1% in 2016, 65.3% in 2019, OR 0.91, 
95% CI 0.88 – 0.95).

Figure 2: The number of patients that received endovascular (EVAR) or open surgical (OSR) 
aneurysm repair for intact abdominal aortic aneurysm, or complex EVAR (fenestrated EVAR[FE-
VAR] / chimney EVAR [ChEVAR] / iliac branched device [IBD]) per year. Complex EVAR was not 
included in the study and is shown only to provide a complete overview. Complex EVAR was 
registered in the Dutch Surgical Aneurysm Audit (DSAA) since 2016.
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Time trends in total volume, number of hospitals and hospital volume
Total volume per year and number of hospitals
Table 5 shows the total number of patients per year, including patients that received 
complex EVAR from 2016. From 2016, the total number of patients per year appears to 
decline, from 2814 patients in 2016 to 2 647 patients in 2019. Five hospitals stopped 
performing AAA surgery (from 61 to 56 hospitals), and another six hospitals merged into 
three hospitals during the study period (not shown in Table 4).

Hospital volume
The number of patients treated per hospital (hospital volume) did not change statistically 
over the years (β coefficient 0.59, 95% CI -0.75-1.94). As shown in Figure 3A, in 2014, the 
median hospital volume was 40 (IQR 26, 58), while in 2019, the median hospital volume 
was 42 (IQR 34, 56.5). The number of hospitals that treated fewer than 30 patients per year 
decreased from 20 in 2014, to 10 in 2019 (Table 5). Figure 3B shows the median hospital 
volume and IQR, including complex EVAR stratified by OSR and EVAR. The median hospital 
volume per year of OSR was stable, around 11 patients per hospital per year.

2
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Figure 3: Boxplot summarising the number of patients per hospital in The Netherlands treated 
for intact abdominal aortic aneurysm (A), stratified for endovascular (EVAR) or open surgical 
(OSR) aneurysm repair (B). From 2016, the numbers also include patients who received complex 
EVAR (fenestrated or chimney EVAR or iliac branched device).

Table 5: Univariable regression analyses to examine the trend in the number of hospitals that 
treat patients with abdominal aortic aneurysm and the trends in the number of hospitals that 
treat fewer than 30 patients per year in The Netherlands

2014 2015 2016 2017 2018 2019 β coefficient per 
year (95% CI) 
(ref: 2014)

Total number of 
patients including 
complex EVAR

2753 2709 2815 2704 2723 2654

Numbers of 
hospitals

61 60 59 58 56 56
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Table 5: Continued.

2014 2015 2016 2017 2018 2019 β coefficient per 
year (95% CI) 
(ref: 2014)

Univariable -1.09 (-1.36 - -0.81)

Number of 
hospitals that 
treated <30 
patients / year

20 15 12 13 9 10

Univariable - 1.91 (-3.19 - -0.64)

Data are presented as n. CI = confidence interval.

DISCUSSION

The present study aimed to evaluate whether iAAA repair outcomes have improved 
since the establishment of the DSAA, a mandatory registry of all AAAs operated on in 
The Netherlands. The study demonstrated that several important iAAA repair outcomes in 
The Netherlands improved from 2014 up to 2019, while patient characteristics showed that 
patients with similar or more comorbidities underwent surgery. The number of patients 
per hospital remained stable; however, the number of hospitals that treated fewer than 
30 patients decreased, which is a sign of regionalisation of vascular services.

The present study shows that during the study period, patients who received EVAR became 
slightly older, and more patients had cardiac comorbidities. In contrast to OSR, the peri-
operative mortality rate following EVAR did not decrease and remained between 0.7% 
and 1.3%, consistent with rates described in contemporary literature8. Although mortality 
did not change, the major complications after EVAR declined, and the TbO rate increased 
remarkably. The decrease in major complications and the increase in TbO suggest that 
the peri-operative care quality for patients that underwent EVAR has increased. The exact 
cause of this improvement is hard to determine and is probably multi-factorial, including 
better patient selection, increased experience, and further regionalisation of services. It is 
likely that the audit itself also plays an important role, as described previously12.

Furthermore, this study shows that all examined patient outcomes following OSR for iAAA 
repair improved overtime, while more patients had cardiac comorbidities but were of 
similar age during the study period. An important finding from this study is that the peri-
operative mortality following OSR improved, from 6.1% in 2014 to 4.7% in 2019, in line 
with rates described in international registries8. However, some of these registries might 

2
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be biased by voluntary data contributions24, while the DSAA is a compulsory registry. 
Additionally, the percentage of major complications following OSR declined, and the 
percentage of TbO increased. Altogether, this suggests that the out-comes of patients 
who received OSR have improved. As for after EVAR, the exact cause of this is likely to be 
multifactorial, for example a result of stricter case selection.

Several studies have suggested that lower hospital volume is associated with increased 
mortality725. The present study described the trends in hospital volume and the number of 
hospitals that performed iAAA repair. For OSR, the median hospital volume of 11 per year 
raises some concern26, and should be investigated in the near future. Although the hospital 
volume of all iAAA repairs per year and the median hospital volume of OSR patients did 
not increase, the number of hospitals that treated patients decreased, and the number 
of hospitals that treated fewer than 30 patients per year decreased. This regionalisation 
of aneurysm care is probably a result of the European Society for Vascular Surgery (ESVS) 
guideline23 which suggests that a minimum of 30 AAA repairs should be performed per 
hospital per year or could be related to the clinical auditing process of the DSAA27. The 
DSAA monitors and provides feedback about the number and outcomes of patients that 
underwent elective AAA repair per hospital, as well as the total number of aortic aneurysm 
repairs per hospital.

Finally, this study examined the proportion of OSR vs. EVAR per year, including the total 
number of patients. It was noted that the total number of patients per year has declined 
since 2016. Interestingly, the proportion of patients with an AAA diameter below the 
guideline threshold remained stable, while the mean diameter of iAAAs decreased; 
however, this decrease was small (0.3 mm per year). The National Vascular Registry reported 
a decrease in the number of elective infrarenal AAA repairs in the UK, and it was stated that 
this could indicate a more conservative approach in the management of sicker patients28. 
Further-more, including patients that were treated by complex endovascular means for 
AAA, the applied surgical technique slightly changed with an increase of OSR and decrease 
of standard EVAR. The increase in OSR might be a result of the recent discussion regarding 
preferred treatment for specific patients23,29–31 or published findings indicating inferior 
long term survival and more secondary interventions after EVAR32,33. A decrease in the 
number of standard EVAR was also reported in the UK in 201834. In 2019, the percentage of 
patients that received standard EVAR in the present study was 65.3% of all patients, which 
was similar to the overall proportion of EVAR in international registries from2010 to 2013 
but far lower compared with the USA (79%), as reported by Vascunet35.

To the present authors’ knowledge, this is the first study reporting treatment trends for 
iAAAs based on data from a compulsory national quality registry for all aortic aneurysm 
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repairs and therefore represents real world data. One important limitation of this study 
is that the DSAA was initially designed for quality measurement and not for scientific 
purposes, which may result in some missing variables. The possible influence of these 
missing variables was considered in the present study and attempts were made to deal 
accurately with the missing values. Another limitation is that the DSAA does not contain 
anatomical morphological details, and only patients who underwent aneurysm repair were 
included in the DSAA. Therefore, selection and con-founding bias cannot be excluded. 
Finally, the DSAA does not include information on surgeon volumes, and therefore, it was 
not possible to describe surgeon volume, in contrast to other countries36,37.

In conclusion, since the establishment of this nationwide quality improvement initiative 
(DSAA), all iAAA repair out-comes following standard EVAR and OSR have improved 
except for peri-operative mortality following standard EVAR which remained unchanged, 
although the proportion of patients with cardiac comorbidity increased over time in this 
group. The number of major complications after both OSR and EVAR decreased, and the 
proportion of TbO increased. The peri-operative survival after OSR increased, despite a 
higher proportion of patients with cardiac co-morbidity. This nationwide audit provides 
real world data on aneurysm care and can be seen as an important tool for further quality 
improvement initiatives.
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SUPPLEMENTAL MATERIALS

Table S1

Pulmonary comorbidity Variables

2014-2018 Dyspnea during exercise, invalidating dyspnea, dyspnea at 
rest, consolidation, fibrosis

2019 Chronic pulmonary diseases, COPD, CARA, emphysema, 
chronic bronchitis, fibrosis

Cardiac comorbidity Variables

2014-2018 Medication for hypertension, angina pectoris, diuretics, 
or digoxin, peripheral edema, coumarins, borderline 
cardiomyopathy, elevated central venous pressure, 
cardiomegaly

2019 Hypertension, angina pectoris, myocardial infarction, PTCA, 
CABG, valvular heart disease, heart valve replacement, atrial 
fibrillation, heart rhythm disorders, heart failure, congestive 
heart failure, cardiomyopathy

2
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ABSTRACT

Objectives
Age is an independent risk factor for mortality after both elective open surgical repair 
(OSR) and endovascular aneurysm repair (EVAR). As a result of an ageing population, and 
the less invasive nature of EVAR, the number of patients over 80 years (octogenarians) 
being treated is increasing. The mortality and morbidity following aneurysm surgery are 
increased for octogenarians. However, the mortality for octogenarians who have either 
low or high peri-operative risks remains unclear. The aim of this study was to provide peri-
operative outcomes of octogenarians vs. non-octogenarians after OSR and EVAR for intact 
aneurysms, including separate subanalyses for elective and urgent intact repair, based 
on a nationwide cohort. Furthermore, the influence of comorbidities on peri-operative 
mortality was examined.

Methods
All patients registered in the Dutch Surgical Aneurysm Audit (DSAA) undergoing intact 
AAA repair between 2013 and 2018 were included. Patient characteristics and peri-
operative outcomes (peri-operative mortality, and major complications) of octogenarians 
vs. non-octogenarians for both OSR and EVAR were compared using descriptive statistics. 
Multivariable logistic regression analyses were used to examine whether age and the 
presence of cardiac, pulmonary, or renal comorbidities were associated with mortality.

Results
This study included 12054 EVAR patients (3015 octogenarians), and 3815 OSR patients 
(425 octogenarians). Octogenarians in both the EVAR and OSR treatment groups were 
more often female and had more comorbidities. In both treatment groups, octogenarians 
had significantly higher mortality rates following intact repair as well as higher major 
complications rates. Mortality rates of octogenarians were 1.9% after EVAR and 11.8% 
after OSR. Age ≥ 80 and the presence of cardiac, pulmonary, and renal comorbidities were 
associated with mortality after EVAR and OSR.

Conclusions
Because of the high peri-operative mortality rates of octogenarians, awareness of the 
presence of comorbidities is essential in the decision making process before offering 
aneurysm repair to this cohort, especially when OSR is considered.
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INTRODUCTION

In the last decade, endovascular aneurysm repair (EVAR) has become the preferred 
treatment for many patients with an intact abdominal aortic aneurysm (AAA)1, because 
of its lower perioperative risks. Age is a known independent risk factor for post-operative 
mortality after both elective open surgical repair (OSR) and EVAR2. As a result of an ageing 
population3, the number of patients over 80 years (octogenarians) who qualify for elective 
AAA repair is increasing4,5. However, the mortality and morbidity after AAA surgery for 
octogenarians is increased6–9, which is important in the decision making process of when 
and how to intervene in this usually frailer population.

In current literature that reports on octogenarians, meta-analyses that include mainly 
observational studies have not described outcomes with details for octogenarians7–9, while 
RCTs barely enrolled patients over 80 years6. Peri-operative mortality of octogenarians after 
primary AAA repair in 11 countries was assessed by the Vascunet collaboration. However, 
the morbidity of these patients was not described4. Therefore, there is a paucity of real 
life clinical data concerning mortality and morbidity after AAA surgery for octogenarians. 
Moreover, published studies scarcely report on the peri-operative mortality of subgroups 
of octogenarians with either low or high peri-operative risks. The recent ESVS guideline 
state that it is reasonable to consider elective AAA repair of octogenarians with reasonable 
life expectancy and quality of life after informing them of the pros and cons of different 
treatment strategies including conservative treatment10. However, no statements were 
made which octogenarians have high perioperative risks. The aim of this study was to 
provide peri-operative mortality and major complication rates of octogenarians versus 
non-octogenarians following intact AAA repair. This was assessed following both open 
surgical and endovascular aneurysm repair including separate subanalyses for elective 
and urgent intact repair using a nationwide prospective registry. Furthermore, which 
octogenarians have low and high perioperative risks was identified, examining the 
influence of age and the presence of comorbidities on peri-operative mortality.

MATERIALS AND METHODS
Data sources and study design
The dataset was retrieved from the Dutch Surgical Aneurysm Audit (DSAA), a nationwide 
prospective and compulsory quality registry that registers all patients undergoing aortic 
aneurysm surgery in the Netherlands. The DSAA was initiated in 2013, and includes 
all patients who underwent surgical repair of an infrarenal or juxtarenal AAA without 
previous aortic surgery. Since 2016, patients undergoing revisional aneurysm surgery and/
or patients undergoing thoracic or thoraco-abdominal aortic aneurysm repair have been 

3
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registered as well. Data verification took place through a random sample of hospitals11. 
The data were analysed retrospectively and reported following the STROBE guidelines12.

Participants
For this study, all patients who were registered in the DSAA undergoing primary repair 
(EVAR or OSR) for an intact AAA between January 2013 and December 2018 were included 
for analysis, provided that sex, date of birth, date of surgery, survival status at the time of 
discharge or 30 days post-operatively were registered. Data analyses were per-formed on 
an anonymised dataset. Ethical approval was not needed according to Dutch law.

Definitions
Patients were considered octogenarians when turning 80 years old or older in the year of 
surgery. EVAR procedures followed by immediate conversion were categorised by intention 
to treat. Intact aneurysm repairs included pooled data of both elective repair and urgent 
intact AAA repair. “Cardiac comorbidity” was defined as the use of diuretic or digoxin, 
antianginal or antihypertensive therapy, peripheral oedema, warfarin therapy, raised 
jugular venous pressure, or cardiomegaly13. “Abnormality on ECG” was defined as atrial 
fibrillation, ischaemia or any other ECG abnormalities13. Because of possible confounding 
caused by the variables “Cardiac comorbidity” and “Abnormality on ECG”, it was decided 
to combine these variables into the variable “Cardiac comorbidity including abnormality 
on ECG” in the analyses. “Pulmonary comorbidity” was defined as dyspnoea on exertion, 
limiting dyspnoea, dyspnoea at rest, or visible consolidations or fibrosis on chest imaging13. 
“Renal comorbidity” was defined as an eGFR<60 mL/min/1.73m2, which is categorised 
as “chronic kidney disease” by the International Society of Nephrology14. The eGFR was 
estimated using the CKD-EPI equation15 and the variables “creatinine”, “sex”, and “age”.

Outcomes
All outcomes of octogenarians were compared with the results of non-octogenarians. 
The primary outcome was peri-operative mortality, which was defined as intra-operative 
mortality, mortality ≤30 days after surgery, or during admission (in hospital mortality). The 
secondary outcomes were peri-operative major complications (≤30 days), defined as either 
an intra-operative or post-operative complications that needed a re-intervention, induced 
pro-longed stay, or caused death16 and the peri-operative mortality in patients with and 
without comorbidities. Furthermore, subgroup analyses were performed to compare 
outcomes of octogenarians and non-octogenarians treated in elective and urgent intact 
settings.
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Statistical methods
Descriptive analysis was performed using t tests for para-metrically distributed data, 
chi square tests and Fisher exact tests. Baseline characteristics, as well as peri-operative 
outcomes, were compared between octogenarians and non-octogenarians undergoing 
either EVAR or OSR. Missing values were shown as separate categories. A p value of <.05 
was considered statistically significant.

To investigate whether age ≥ 80 was associated with peri-operative mortality, multivariable 
logistic regression analyses were performed for both EVAR and OSR. Patient and aneurysm 
related variables, based on the V(p)-POSSUM predictive score13,17, that were potential con-
founders and available in the DSAA were included as covariates: age ≥ 80, sex, pulmonary 
comorbidity, cardiac comorbidity including results of last pre-operative electrocardiogram, 
renal comorbidity, pre-operative haemoglobin, urgency, location, and diameter of 
the aneurysm. Factors with a p value of <.10 in univariable analysis were selected for 
multivariable analysis. Finally, the peri-operative mortality rates of octogenarians and 
non-octogenarians with no comorbidities, cardiac comorbidity (including abnormality 
on the ECG), pulmonary comorbidity, and renal comorbidity were shown.

Missing data
The data for this study contained some variables with missing values. If patients with any 
missing data had been excluded from the analyses, information on 2477 (19.1%) patients 
including 538 octogenarians who underwent EVAR and 685 (18.0%) patients including 
74 octogenarians who underwent OSR would have been lost. To prevent such loss of 
information, a state of the art method of multiple imputation using chained equations 
(MICE) was used18.

Missing data were imputed separately for EVAR and OSR patients. The outcome peri-
operative mortality was not imputed, and the following variables were used in the 
imputation process: age, sex, cardiac and pulmonary co-morbidity, results of the last 
electrocardiogram, haemoglobin, creatinine, diameter, location, urgency, peri-operative 
mortality, pre- and post-operative complications, length of ICU stay, length of hospital 
stay, re-intervention, and re-admission. Twenty-five completed datasets we regenerated 
(each with 10 iterations) for both EVAR and OSR patients18. Values that were imputed 
were compared with values that were observed using scatter and density plots. For the 
multivariable regression models, the results of the imputed datasets were combined to 
produce a final result Rubin’s rules18. For comparison, multivariable regression analyses 
using the subsets of complete cases were performed.

All analyses were performed using R version 3.6.1.

3



54

Chapter 3

RESULTS

Between January 2013 and December 2018, 21950 consecutive patients were registered 
in the DSAA. Of these patients, 15906 underwent primary AAA repair for an intact 
aneurysm, of whom 15 869 (99.8%) were eligible for analysis (Figure 1). In total, 12054 
EVAR patients including 3015 (25%) octogenarians, and 3815 OSR patients including 425 
(11%) octogenarians, were included.

Figure 1: Study flow chart of included octogenarians and non-octogenarians who were reg-
istered in the Dutch Surgical Aneurysm Audit (DSAA) and who underwent primary repair of 
an intact abdominal aortic aneurysm (AAA) by endovascular aneurysm repair (EVAR) or open 
surgical repair (OSR).

Patient characteristics, aneurysm morphology, and operative data
Patient characteristics, aneurysm morphology, and operative data comparing 
octogenarians and non-octogenarians who received either EVAR or OSR are shown in Table 
1. In both groups, octogenarians were more often female, had larger aneurysm diameters, 
and more often had pulmonary and renal comorbidity compared with younger patients. 
In the EVAR group and after multiple imputation in the OSR group, octogenarians suffered 
more often from cardiac comorbidity. In both the EVAR and OSR groups, octogenarians 
were more often treated for urgent intact aneurysms compared with non-octogenarians.
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Perioperative outcomes
Mortality
As shown in Table 2 octogenarians had statistically significantly higher peri-operative 
mortality rates than non-octogenarians after surgery for all intact AAA. The odds ratio 
for peri-operative mortality in octogenarians compared to non-octogenarians was 2.5 
for EVAR (1.9% vs. 0.8%, p <.001, OR 2.51) and 2.7 for OSR respectively (11.8% vs. 4.7%, p < 
.001, OR 2.73). Table S1 shows the distribution of 30 day mortality and in hospital mortality 
in the composite outcome peri-operative mortality. In subgroup analyses of electively 
treated AAA patients (both EVAR and OSR), mortality rates were higher for octogenarians 
compared with non-octogenarians as well (EVAR: 1.4% vs. 0.6%, p <.001, OR 2.28; OSR: 9.3% 
vs 4.4%, p <.001, OR 2.24). In patients treated for urgent intact AAAs, octogenarians had 
higher mortality rates compared with non-octogenarians (EVAR: 6.6% vs. 2.6%, p = .007, 
OR 2.59; OSR: 20.7% vs. 6.6%, p <.001, OR 3.69).
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Major complications
Table 2 shows that octogenarians more often developed major complications compared 
with non-octogenarians following both intact EVAR and OSR, as well as following elective 
and urgent intact repair. Major complication rates of octogenarians in intact setting were 
12.4% after EVAR and 28.0% for OSR patients.

Associations with mortality
After univariable analyses, the factor “location” (EVAR) was not selected for multivariable 
analysis because of a p value >.10 (Table 3). The factor “age ≥ 80” was statistically 
significantly associated with higher mortality rates after adjusting for confounding factors 
after both EVAR and OSR (Tables 3 and 4). Sensitivity analysis involving multivariable 
analysis using complete cases showed a similar association of “age ≥ 80”, with mortality 
after EVAR (OR 1.67, 95% CI 1.09 - 2.56) and OSR (OR 1.99, 95% CI 1.34 - 2.92) (Table S2).

Table 3: Multivariable logistic regression analyses to examine the association of age ≥ 80 and 
peri-operative mortality in patients with endovascular repair of abdominal aortic aneurysm. 
Missing data were completed by multiple imputation.

Univariable analysis Multivariable analysis

OR (95%-CI) P aOR (95%-CI) P

Age ≥ 80 2.51 (2.33 – 2.69) <.001 1.66 (1.54 – 1.79) <.001

Female sex 1.48 (1.35 – 1.62) <.001 1.16 (1.06 – 1.28) .002

Cardiac comorbidity including 
abnormalities on ECG

2.43 (2.21 – 2.67) <.001 1.69 (1.53 – 1.86) <.001

Pulmonary comorbidity 3.98 (3.46 – 3.98) <.001 3.18 (2.96 – 3.42) <.001

Renal comorbidity, eGFR <60 mL/
min/1.73m2

2.66 (2.48 – 2.86) <.001 1.84 (1.70 – 1.98) <.001

Haemoglobin 0.62 (0.60 – 0.64) <.001 0.75 (0.73 – 0.78) <.001

Urgent intact 4.84 (4.47 – 5.24) <.001 3.89 (3.57 – 4.24) <.001

Aortoiliac location of aneurysm 1.01 (0.90 – 1.16) .92 - -

Aneurysm diameter per 10 mm 1.28 (1.25 – 1.32) <.001 1.10 (1.07 – 1.13) <.001

OR = odds ratio; aOR = adjusted odds ratio, CI = confidence interval

3
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Table 4: Multivariable logistic regression analyses to examine the association of age ≥ 80 and 
perioperative mortality in patients with open surgical repair of abdominal aortic aneurysm. 
Missing data was completed by multiple imputation.

Univariable analysis Multivariable analysis

OR (95% CI) P aOR (95% CI) P

Age ≥ 80 2.73 (2.55 – 2.92) <.001 2.02 (1.88 – 2.17) <.001

Female sex 1.73 (1.62 – 1.84) <.001 1.42 (1.33 – 1.52) <.001

Cardiac comorbidity including 
abnormalities on ECG

1.99 (1.86 – 2.13) <.001 1.76 (1.64 – 1.89) <.001

Pulmonary comorbidity 1.98 (1.87 – 2.10) <.001 1.78 (1.67 – 1.89) <.001

Renal comorbidity, eGFR <60 mL/
min/1.73m2

2.30 (2.18 – 2.44) <.001 1.85 (1.75 – 1.96) <.001

Haemoglobin 0.74 (0.72 – 0.76) <.001 0.85 (0.83 – 0.88) <.001

Urgent intact 1.95 (1.82 – 2.08) <.001 1.81 (1.68 – 1.95) <.001

Aortoiliac location of aneurysm 0.38 (0.32 – 0.45) <.001 0.48 (0.40 – 0.58) <.001

Aneurysm diameter per 10 mm 1.07 (1.05 – 1.09) <.001 0.99 (0.97 – 1.01) .25

OR = odds ratio; aOR = adjusted odds ratio, CI = confidence interval

Observed comorbidities and corresponding peri-operative mortality
Only 317 (10.5% in original data; 12.0% in imputed data) and 42 (9.9% in original data; 
12.8% in imputed data) octogenarians undergoing EVAR and OSR had no comorbidities, 
respectively (Table 5). Observed peri-operative mortality rates following intact AAA repair 
in patients with no comorbidity, cardiac, pulmonary, or renal comorbidity are shown in 
Table 5. After EVAR, the mortality rates of octogenarians with a cardiac, pulmonary, or 
renal co-morbidity reached 2.4%, 4.2%, or 2.5%, respectively, while octogenarians with no 
comorbidities had a rate of 0.4% (all percentages are based on imputed data). After OSR, 
the mortality rates of octogenarians with cardiac, pulmonary, or renal comorbidity reached 
13.4%, 13.6%, and 14.8%, while octogenarians with no comorbidities had a mortality rate 
of 3.8% (based on imputed data).
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DISCUSSION

The octogenarians in this study were at risk of significantly higher peri-operative mortality 
and major complication rates after both EVAR and OSR for intact AAA compared with 
younger patients. Furthermore, the effect of comorbidities in this age group was more 
pronounced and was clearly associated with impaired survival. In octogenarians, mortality 
after OSR exceeded 10%, especially when comorbidities were present. After EVAR, 
octogenarians with pulmonary comorbidities had a mortality rate of approximately 4%. 
In contrast, mortality was 1.9% for all octogenarians in the EVAR group.

Surgical risk is at the heart of clinical (shared) decision making, especially when prophylactic 
surgery is performed on asymptomatic patients such as in elective AAA care19. To inform 
patients appropriately before undergoing high risk surgery, robust data are needed 
concerning morbidity and mortality. The DSAA is a mandatory national verified quality 
registry, set up to monitor and improve the quality of AAA care by providing benchmarked 
information to vascular surgeons. Since 2013, all patients undergoing primary abdominal 
aortic aneurysm surgery in the Netherlands have been registered, providing objective, 
real world data. Because of its scale and in contrast to other published studies, it enables 
relevant subanalyses such as the analysis described in this paper8,9. Additionally, local data 
on out-comes of octogenarians could be valuable to inform patients and family accurately, 
for example because of a potential hospital related volume outcome relationship for OSR20. 
Since 2019, a specific dashboard called the Codman Dashboard has enabled all Dutch 
vascular surgeons to analyse their registered outcomes of particular subgroup21.

This study describes a mortality rate of 11.8% for all octogenarians after OSR, and this 
seems to exceed the yearly rupture risks of smaller aneurysms. Moreover, octogenarians 
with comorbidities have mortality rates > 10% after OSR, in contrast to the mortality 
rate of 3.6% in the(small) group of octogenarians without comorbidities (12.8% of all 
octogenarians in this cohort, based on imputed data). In the literature, a mortality rate 
of 7.5% for octogenarians who were treated electively by OSR was described in a meta-
analysis7. For intact aneurysm repair, a mortality rate of 9.5% for octogenarians was 
described in an international study by Budtz-Lilly et al., which combined the results of 
11 vascular registries4, similar to the results from the present study. However, mortality 
rates in these studies were rarely specified for either high or low risk octogenarians22. In 
previous studies that examined the safety of surveillance for small aneurysms up to 5.5 cm, 
30 day operative mortality rates of only 5.5%23 and 2.1%24 were described. This poses the 
question of whether operative mortality rates exceeding these numbers are acceptable, 
in particular in elderly patients undergoing preventive aneurysm repair at relatively small 
diameters that are at low risk of rupture.



63

Outcomes in Octogenarians After Intact AAA Repair

After EVAR, this study reports a mortality rate of 1.9% for octogenarians. This is in line 
with the previously mentioned international study by Budtz-Lilly et al., which reported 
a mortality rate of 1.8% of octogenarians after EVAR. Meta-analyses that included older 
studies have described mortality rates for octogenarians of 3.7%9 and 4.6%7 after EVAR. The 
impact of improved device technology (lower profile devices), peri-operative management 
including better anaesthetic techniques25, and cardioprotective medication26 might 
play a role in improved survival of octogenarians in this study compared to the meta-
analyses with older data4. In the present study, a peri-operative mortality rate of 4.2% was 
observed for octogenarians with a pulmonary comorbidity. This mortality rate was low 
compared with the mortality rate of 7.3% reported in the EVAR-2 study in patients who 
were considered not physically fit enough to undergo OSR27.

Apart from the mortality rates following intact AAA repair, other outcomes for 
octogenarians are important as well and could assist in the clinical decision making process. 
First, to deal with the heterogeneity in the group of intact AAA repairs, subanalyses were 
performed for elective and urgent intact repair including adjustment for urgent intact 
repair in the multivariable analyses. Furthermore, in the present study, major complication 
rates were examined. As expected, octogenarians had higher major complication rates 
compared with non-octogenarians. Obviously, other outcome parameters, such as quality 
of life28, re-intervention rate6, long term outcomes29, and costs30, are also important to 
consider in the clinical decision making process for octogenarians, but these are not 
captured in the DSAA registry.

In this study, no association between aneurysm size and mortality was found in OSR 
patients, which might suggest that postponing OSR does not result in higher mortality 
rates. Remarkably, in EVAR patients, aneurysm size was associated with mortality. The 
diameter threshold for elective abdominal aneurysm repair is based on both peri-operative 
risk and the risk of rupture. However, the risk of rupture according to aneurysm diameter 
was not investigated. In the literature, little is known about the diameters of ruptured 
aneurysms between octogenarians and non-octogenarians31. In studies up to 2010, the 
mean annual risk of rupture of a 5 cm aneurysm was 0.6% in men and 2.9% in women. 
It is stated that the mean diameter of ruptured aneurysms in all patients has increased 
during the last decade, possibly because of increased statin therapy26. A previous study 
demonstrated that some patients with severe comorbidities and large aneurysms could 
be managed conservatively with acceptable results for long periods (7-76 months)32. 
Therefore, the question remains of whether the diameter threshold at which to intervene 
should be increased for octogenarians because of a much higher peri-operative risk, in 
particular when octogenarians experience comorbidities and OSR is considered to be the 
treatment modality.

3
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Despite the relatively large number of octogenarians in this cohort, this study has some 
limitations. First, the DSAA includes only patients who were considered fit enough to 
undergo surgery, which was a clinical decision by the surgeon. Because of this selection 
bias, predictions of mortality rates based on the number of comorbidities of octogenarians 
who could be incorporated in the decision making process could not be made, as the 
decision to perform surgery had already been made. Therefore, the reported peri-
operative outcomes of octogenarians in this study will probably be better than peri-
operative outcomes of all octogenarians with an intact AAA. Second, information bias 
might have taken place, as age was calculated as the year of surgery minus the year of birth. 
This calculation included some patients of age 79 in the group “octogenarians”, which 
might have led to an underestimation of the out-comes of octogenarians. Furthermore, 
this was a retrospective study of a retrieved dataset from the DSAA, a prospectively 
maintained national quality registry. As this audit is not designed purely for scientific 
research, information on some potential confounders such as peripheral artery obstructive 
disease33, type of anaesthetic, anatomical details, surgeon experience, or frailty were not 
available. It would be interesting to examine the influence of frailty, as it has been reported 
that frailty is associated with age as well as with peri-operative mortality34. Furthermore, 
Joseph et al. stated that a frailty index was better for predicting mortality compared with 
age in emergency general surgery in the elderly35, while age was a predictor of mortality 
in vascular studies that did not report on frailty36,37. Another limitation of this study is that 
the specific categories in the groups cardiac and pulmonary comorbidity were potentially 
not equally weighted between octogenarians and non-octogenarians, which might have 
caused heterogeneity in the groups of octogenarians vs. non-octogenarians and thus, 
these groups were not compared. Finally, the dataset had some missing data and thus, 
for multivariable logistic regression analyses and analyses stratified for the presence of 
comorbidities, missing data were imputed using multiple imputation. Sensitivity analyses 
using complete cases were performed for the multivariable analyses that examined the 
association of age ≥ 80 with mortality, with similar results.

In conclusion, age ≥ 80 and comorbidities are significantly associated with mortality after 
endovascular and open repair for abdominal aortic aneurysms. Mortality after OSR in 
octogenarians is exceedingly high, especially in the presence of comorbidities. Reported 
observed rates in this study can be used by everyone involved in the decision making 
process considering optimal care for aneurysm patients. More research focused on 
optimal treatment thresholds for elective AAA repair in both low and high risk subgroups 
of octogenarians is needed. For now, awareness of the presence of comorbidities is key 
in the decision making process.
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SUPPLEMENTARY MATERIALS

Table S1: Specifications of perioperative morality which is a combined outcome measure of 
intraoperative mortality, 30-day mortality and in-hospital mortality

EVAR – intact <80 (n= 9039) ≥80 (n = 3015)

Perioperative mortality 69 (0.8) 57 (1.9)

Intraoperative mortality 0 (0.0) 0 (0.0)

30-day mortality 59 (0.7) 56 (1.9)

In-hospital mortality 55 (0.6) 37 (1.2)

OSR - intact <80 (n = 3390) ≥80 (n = 425)

Perioperative mortaliy 158 (4.7) 50 (11.8)

Intraoperative mortality 0 (0.0) 0 (0.0)

30-day mortality 142 (4.2) 40 (9.4)

In-hospital mortality 151 (4.5) 49 (11.5)

Data are presented as n (%).

Table S2: Multivariable logistic regression analyses using complete cases to examine the 
association of age ≥ 80 and individual comorbidities with perioperative mortality, separately 
analysed for EVAR patients and OSR patients

Association of age and individual comorbidities with perioperative mortality for 
EVAR patients (complete cases)

Univariable analysis Multivariable analysis

Factor OR 95%-CI P aOR 95%-CI P

Age: ≥ 80 2.56 1.70 – 2.84 <.001 1.67 1.09 – 2.56 .018

Sex: female 1.53 0.89 – 2.51 .106 - - -

Cardiac comorbidity including 
abnormalities on ECG

3.10 1.76 – 5.99 <.001 2.12 1.19 – 4.14 0.017

Pulmonary comorbidity 3.99 2.66 – 6.06 <.001 3.30 2.18 – 5.05 <.001

Renal comorbidity (eGFR <60) 2.93 1.95 – 4.43 <.001 1.85 1.21 – 2.87 .005

Haemoglobin 0.56 0.47 – 0.67 <.001 0.67 0.56 – 0.81 <.001

Urgency: urgent intact 3.59 2.10 – 5.84 <.001 2.62 1.48 – 4.41 <.001

Location: aorto-iliac aneurysm 1.19 0.50 – 2.39 .666 - - -

Aneurysm diameter (per 10 mm) 1.29 1.10 – 1.49 <.001 1.13 0.96 – 1.32 0.135
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Association of age and individual comorbidities with perioperative mortality for 
OSR patients (complete cases)

Univariable analysis Multivariable analysis

Factor OR 95%-CI P aOR 95%-CI P

Age: ≥ 80 2.64 1.80 – 3.81 <.001 1.99 1.34 – 2.92 <.001

Sex: female 1.91 1.35 – 2.66 <.001 1.62 1.13 – 2.28 .007

Cardiac comorbidity including 
abnormalities on ECG

2.08 1.43 – 3.13 <.001 1.88 1.28 – 2.85 .002

Pulmonary comorbidity 1.84 1.33 – 2.54 <.001 1.64 1.17 – 2.28 .003

Renal comorbidity (eGFR <60) 2.07 1.51 – 2.83 <.001 1.68 1.21 – 2.32 .002

Haemoglobin 0.76 0.66 – 0.89 <.001 0.88 0.75 – 1.03 .102

Urgency: urgent intact 1.67 1.08 – 2.49 .016 1.56 0.99 – 2.38 .045

Location: aorto-iliac aneurysm 0.50 0.18 – 1.11 0.133 - - -

Aneurysm diameter (per 10 mm) 1.01 0.89 – 1.12 0.920 - - -
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ABSTRACT

Purpose
Octogenarians are known to have less-favorable outcomes following ruptured abdominal 
aortic aneurysm (rAAA) repair compared with their younger counterparts. Accurate 
information regarding perioperative outcomes following rAAA-repair is important to evaluate 
current treatment practice. The aim of this study was to evaluate perioperative outcomes of 
octogenarians and to identify factors associated with mortality and major complications after 
open surgical repair (OSR) or endovascular aneurysm repair (EVAR) of a rAAA using nationwide, 
real-world, contemporary data.

Methods
All patients that underwent EVAR or OSR of an infrarenal or juxtarenal rAAA between January 
1, 2013, and December 31, 2018, were prospectively registered in the Dutch Surgical Aneurysm 
Audit (DSAA) and included in this study. The primary outcome was the comparison of 
perioperative outcomes of octogenarians versus non-octogenarians, including adjustment for 
confounders. Secondary outcomes were the identification of factors associated with mortality 
and major complications in octogenarians.

Results
The study included 2879 patients, of which 1146 were treated by EVAR (382 octogenarians, 33%) 
and 1733 were treated by OSR (410 octogenarians, 24%). Perioperative mortality of octogenarians 
following EVAR was 37.2% versus 14.8% in non-octogenarians (adjusted OR=2.9, 95% CI=2.8–3.0) 
and 50.0% versus 29.4% following OSR (adjusted OR=2.2, 95% CI=2.2–2.3). Major complication 
rates of octogenarians were 55.4% versus 31.8% in non-octogenarians following EVAR (OR=2.7, 
95% CI=2.1–3.4), and 68% versus 49% following OSR (OR=2.2, 95% CI=1.8–2.8). Following EVAR, 
30.6% of the octogenarians had an uncomplicated perioperative course (UPC) versus 49.5% 
in non-octogenarians (OR=0.5, 95% CI=0.4–0.6), while following OSR, UPC rates were 20.7% 
in octogenarians versus 32.6% in non-octogenarians (OR=0.5, 95% CI=0.4–0.7). Cardiac or 
pulmonary comorbidity and loss of consciousness were associated with mortality and major 
complications in octogenarians. Interestingly, female octogenarians had lower mortality rates 
following EVAR than male octogenarians (adjusted OR=0.7, 95% CI=0.6–0.8).

Conclusion
Based on this nationwide study with real-world registry data, mortality rates of octogenarians 
following ruptured AAA-repair were high, especially after OSR. However, a substantial 
proportion of these octogenarians following OSR and EVAR had an uneventful recovery. Known 
preoperative factors do influence perioperative outcomes and reflect current treatment 
practice.
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INTRODUCTION

A ruptured abdominal aortic aneurysm (rAAA) represents a highly lethal condition, 
especially in older patients. In patients undergoing surgical treatment for a rAAA, 
30-day mortality rates of 24.5% (95% CI=23.4–25.7) following endovascular aneurysm 
repair (EVAR) and 37.8% (95% CI=36.4–39.2) following open surgical repair (OSR) are 
described1. Advanced age is associated with increased in-hospital mortality2,3. A meta-
analysis which included studies up to 2010 reported perioperative mortality rates of 
59.2% for octogenarians treated with OSR after rAAA4 and a more recent meta-analysis 
which included studies from centers of excellence, (nationwide) vascular registries, an 
administrative database, and an insurance database published 30-day mortality rates of 
27% (95% CI=18–38) for octogenarians after EVAR and 52% (95% CI=44–60) after OSR, 
respectively5. Although these perioperative mortality rates are high, AAA repair is the only 
option for these patients to survive a rAAA. Long-term outcomes of octogenarians who 
were successfully treated appeared to be rea-sonable as in the Swedish Vascular Registry, 
the survival of octogenarians treated for rAAAs and who survived the first 90 days after 
surgery was similar to non-octogenarians6. Furthermore, in the recent meta-analysis, 1-year 
mortality rates in octogenarians of 35% (95% CI=18–56) following EVAR and 54% (95% 
CI=47–60) following OSR were reported5.

A swift decision regarding treatment is vital in patients with rAAAs. Current predictive 
models were developed using data up to 2012 and have limited value in predicting 
mortality or major complications following rAAA repair7–9.

However, this information is essential for decision-making regarding treatment or 
palliation, especially in elderly patients. The identification of patient factors associated with 
perioperative mortality in a nationwide cohort of octogenarians could evaluate the current 
selection of octogenarians to be treated for a rAAA. However, specific contemporary 
perioperative outcomes in octogenarians following rAAA repair based on a nationwide 
data reflecting real-world practice are scarce.

This study aimed to evaluate perioperative outcomes of octogenarians compared with 
non-octogenarians after OSR or EVAR of a ruptured infrarenal or juxtarenal AAA using 
nationwide, real-world, contemporary data. Furthermore, we identified factors associated 
with mortality and major complications in octogenarians and assessed time-trends of 
applied surgical techniques. Finally, we investigated the impact of complications on 
mortality and length of hospital stay based on a validated nationwide and mandatory 
clinical registry.

4
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This study aimed to evaluate perioperative outcomes of octogenarians compared to 
non-octogenarians after OSR or EVAR of a ruptured infrarenal or juxtarenal AAA using 
nationwide, real-world, contemporary data. Furthermore, we identified factors associated 
with mortality and major complications in octogenarians and assessed time-trends of 
applied surgical techniques. Finally, we investigated the impact of complications on 
mortality and length of hospital stay based on a validated nationwide and mandatory 
clinical registry.

MATERIALS AND METHODS

Data sources and study design
Data were collected from the Dutch Surgical Aneurysm Audit (DSAA), a mandatory 
nationwide clinical registry. All Dutch vascular surgeons performing aortic aneurysm 
interventions register their aortic aneurysm interventions in the DSAA. Since the 
establishment of the DSAA in 2013, the DSAA includes all patients that underwent repair 
of an infrarenal or juxtarenal aneurysm without previous aortic surgery and, thus, all rAAA 
repairs performed in the Netherlands were included in the DSAA. Data verification took 
place through a random sample of hospitals, concluding that the data had a high degree 
of reliability, with very few discrepancies detected and showing a case ascertainment of 
98.4%10,11. The data derived from this registry were anonymized and were retrospectively 
analysed. The study followed the STROBE statement12.

Participants
All consecutive patients that were registered in the DSAA undergoing primary repair 
(EVAR or OSR) of a ruptured infrarenal or juxtarenal AAA between January 1, 2013 and 
December 31, 2018 were included for analysis. Patients with missing date of birth, sex, 
or survival status at the time of discharge or 30-days postoperatively were excluded. No 
ethical approval or informed consent was required for this study according to Dutch law.

Definitions
Age was calculated as year of surgery minus year of birth. Patients were considered 
octogenarians when their age was 80 years or older at the time of surgery. EVAR procedures 
followed by immediate conversion were categorized by intention-to-treat.

Outcomes
The primary outcome was the comparison of perioperative outcomes (perioperative 
mortality, major complications, and the desirable composite outcome “uncomplicated 
peri-operative course” [UPC]) of octogenarians with non-octogenarians. Secondary 
outcomes were the identification of factors associated with perioperative mortality and 
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major complications in octogenarians and the influence of complications on perioperative 
mortality and length of hospital stay of living patients. Finally, time-trends per year 
regarding applied surgical techniques were evaluated.

Perioperative mortality was defined as death within 30-days or in-hospital. Major 
complications were defined as either intraoperative or postoperative complications that 
resulted in a prolonged length of stay, needed a reintervention, or caused mortality13 and 
described the perioperative period (first 30 days) following rAAA-repair. Prolonged length 
of stay was defined as the length of stay exceeding the 75th percentile of the length of 
stay of all living patients. The UPC was achieved when no perioperative mortality, no 
intraoperative complications, no postoperative surgical complications (for details, see 
Table S1), no reinterventions, no readmission, and no prolonged length of stay occurred, 
and was based on the composite outcome Textbook Outcome, which was previously 
described for elective AAA repairs14.

Statistical methods
Baseline characteristics were stratified by EVAR and OSR and were compared between 
octogenarians and non-octogenarians. Categorical variables were compared between 
groups using Chi-square tests and Fisher exact tests, when appropriate. Continuous 
variables were compared using t-tests were used for normally distributed variables and 
Mann–Whitney U tests otherwise.

Differences in perioperative outcomes were examined with univariable logistic regression 
analyses with odds ratios including 95% confidence intervals. The associations between 
age ≥80 and mortality and major complications were examined for EVAR and OSR patients 
with multivariable logistic regression analyses using covariates and the fac-tor “age ≥ 80.” 
In these analyses, patient characteristics based on both the V(p)-possum score15 and the 
Hardman index16 were included as covariates to adjust for confounding. Covariates used 
for analysis were gender, pulmonary comorbidity, cardiac comorbidity, abnormalities 
on preoperative electrocardiogram (ECG), preoperative renal dysfunction (creatine 
≥190μmol/L), systolic blood pressure (per 10mmHg), loss of consciousness (Glasgow 
Coma Scale <12), anemia (hemoglobin <5.6mmol/L), aneurysm diameter (per 10mm), 
and location of the aneurysm (abdominal aortic or aortoiliac). Factors with a p<0.10 in 
univariable analysis were selected for multivariable logistic regression analysis.

Factors associated with mortality and major complications were examined for 
octogenarians who underwent EVAR and OSR using logistic regression analyses. For this 
analysis, covariates mentioned earlier and age (as a continuous variable) were included. 
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Factors with a p <0.10 in univariable analysis and factors considered clinically relevant (age 
and sex) were selected for multivariable logistic regression analysis.

Furthermore, we examined whether the proportion of applied surgical techniques and the 
proportion of octogenarians versus non-octogenarians decreased or increased linearly, 
using univariable logistic regression analyses. The impact of subgroups of complications, as 
registered in the DSAA, on mortality and median hospital-stay length of living patients was 
examined using descriptive statistics. For all analyses, statistical significance was defined 
as a p<0.05.

Missing data
The data of this subset from the DSAA contained variables with missing values (Table 
S2). If patients with any missing data had been excluded from the multivariable analyses, 
information of 237 octogenarians (62%) that received EVAR and 290 octogenarians (71%) 
that received OSR would have been lost. In all variables with missing data, 7.8% and 10.1% 
of the information was missing for EVAR and OSR, respectively. No patterns of missing 
data were found. Therefore, missing data were assumed to be missing at random for all 
covariates allowing to impute missing data17.

In order to deal with the missing data, the method of multiple imputation using chained 
equations (MICE) was per-formed for both EVAR and OSR patients18. Outcomes, as 
perioperative mortality, were not imputed. To account for the variation in completing 
the data set with multiple imputation, 60 data sets were used for EVAR patients and 70 
data sets were used for OSR patients (each with 20 iterations)18. Further details are shown 
in Table S2. After imputation, values that were imputed were compared with values that 
were observed using scatter plots and plots of the densities. For the multivariable logistic 
regression models, the results of the imputed data sets were combined to produce a final 
result using the Rubin’s rules19. For comparison, multivariable logistic regression models 
using the subsets of complete cases were performed.

All analyses were performed using R version 3.6.1.

RESULTS

Between January 2013 and December 2018, 2904 patients from 61 hospitals who 
underwent primary repair for an infrarenal or juxtarenal rAAA were registered in the DSAA 
database. Of these patients, 2879 (99.1%) were eligible for analysis (Figure 1). In total, 792 
octogenarians and 2087 non-octogenarians were included. Of all included patients, 1146 
patients were treated with EVAR (382 octogenarians [33.3%] and 764 non-octogenarians 
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(66.7%)), while 1733 patients were treated with OSR (410 octogenarians [23.7%] and 1323 
non-octogenarians (76.3%)). In the EVAR group, 34 EVAR procedures (3.0%) were followed 
by immediate conversion. Of all 792 octogenarians in this study, 382 (48.2%) received EVAR, 
while of all 2087 non-octogenarians, 764 (36.6%) received EVAR (p<0.001).

Figure 1: Flow diagram of included octogenarians and non-octogenarians following rAAA-re-
pair. DSAA, Dutch Surgical Aneurysm Audit; EVAR, endovascular aneurysm repair; OSR, open 
surgical repair; rAAA, ruptured abdominal aortic aneurysm.

Patient characteristics, aneurysm morphology, and operative data
Original data and percentages of imputed data of patient characteristics, aneurysm 
morphology, and operative data, are shown in Table 1. Octogenarians were more often 
female compared to non-octogenarians, especially in the OSR group. Furthermore, 
octogenarians had more cardiac comorbidities, pulmonary comorbidities, or abnormalities 
on ECG, and presented with lower baseline hemoglobin and higher baseline creatinine 
levels. Octogenarians undergoing EVAR and OSR more often had a loss of consciousness 
(GCS <12) compared to non-octogenarians. From 2013 up to 2015, the exact location of 
the aneurysm relative to the renal arteries and information of referral patterns were not 
registered in the DSAA. F rom 2016-2018, 210/750 (28.0%) AAAs registered following OSR 
were juxtarenal AAAs (46 octogenarians, 164 non-octogenarians), and 7/638 (1.1%) AAAs 
registered following EVAR had a juxtarenal location. Most patients were presented at the 
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emergency department of the hospital in which they received treatment (465/638 (72.9%) 
following EVAR, 586/791 (74.1%) following OSR), while some patients were first presented 
in another hospital (60/638 (9.4%) following EVAR, 67/791 (8.5%) following OSR). It was not 
registered in the DSAA whether patients were suitable for EVAR. More procedural data 
(intraoperative blood loss, use of cell saver, intraoperative complications, admission to 
ICU, and length of ICU-stay) can be found in Table S3.
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Perioperative mortality
The perioperative mortality rate of all octogenarians was 43.8% compared to 24.1% in all 
non-octogenarians (p<0.001). Table 2 shows that octogenarians following EVAR had a 
mortality rate of 37.2% compared with 14.8% in non-octogenarians (OR=3.41, 95% CI=2.56–
4.55). The mortality rate of octogenarians following OSR was 50.0% compared with 29.4% 
in non-octogenarians (OR=2.40, 95% CI=1.91–3.01).

Moreover, after adjustment for confounders, octogenarians had a significantly higher 
mortality rate compared with non-octogenarians following both EVAR and OSR (EVAR: aOR 
2.87, 95%-CI 2.76-2.99, OSR: aOR 2.21, 95%-CI 2.15–2.28). We found similar results using the 
subsets with complete cases following both EVAR (aOR 2.93, 95%-CI 1.74–4.98, p<0.001) 
and OSR (aOR 2.20, 95%-CI 1.39–3.48).
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Major complications and uncomplicated perioperative course
Table 2 shows that octogenarians develop major complications more often, compared 
with non-octogenarians, following both EVAR (55.4% vs 31.8%, OR=2.66, 95% CI=2.07–3.43) 
and OSR (68.2% vs 49.3%, OR=2.21, 95% CI=1.75- 2.80). In octogenarians who underwent 
EVAR and developed major complications, cardiac complications were most common 
(28.9%), while abdominal complications were most common in octogenarians following 
OSR (28.7%). More details of cardiac and abdominal complications are provided in Table 
S4. Octogenarians with major complications that survived perioperatively had a median 
length of hospital stay of 18 days (IQR=15–31) following EVAR and 31 days (IQR=26–41) 
following OSR (Table 3). Furthermore, octogenarians had less often an UPC than non-
octogenarians following both EVAR (30.6% vs 49.5%, OR=0.45, 95% CI=0.35–0.58) and 
OSR (20.7% vs 32.6% (OR=0.54, 95% CI=0.41–0.70).

Factors associated with perioperative mortality and major complications in 
octogenarians
Figure 2 and Table S5 show patient-related risk factors that are associated with mortality 
in octogenarians. Following EVAR, an increase in age was associated with mortality, while 
female sex was associated with less mortality. Following OSR, both an increase in age 
and gender were not associated with mortality. Moreover, creatinine ≥190 was associated 
with less mortality, as well as hemoglobin <5.6. Loss of consciousness, abnormalities on 
ECG, and pulmonary and cardiac comorbidity were associated with mortality in both 
groups. Analysis on a subgroup of patients to assess patient-related risk factors including 
aneurysm location (infrarenal or juxtarenal) in octogenarians that underwent OSR showed 
that a juxtarenal aneurysm location was associated with less mortality compared with an 
infrarenal location (aOR=0.93, 95% CI=0.89–0.98).
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Figure 2: Forest plots showing the results of multivariable logistic regression analyses for EVAR 
(A) and OSR (B) to assess the association of patient-related risk factors with perioperative mor-
tality in octogenarians (using original data completed by multiple imputation). OR>1 indicates 
higher mortality. EVAR, endovascular aneurysm repair; OSR, open surgical repair

Figure 3 and Table S6 show that in octogenarians, an increase in age was associated 
with more major complications following EVAR, while female sex was associated with 
fewer major complications. Following OSR, an increase in age was associated with 
fewer complications, while female sex was associated with more major complications. 
Abnormalities on ECG, pulmonary, cardiac comorbidity, and loss of consciousness were 
associated with major complications in both groups.
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Figure 3: Forest plots showing the results of multivariable logistic regression analyses for EVAR 
(A) and OSR (B) to assess the association of patient-related risk factors with major complications 
in octogenarians (using original data completed by multiple imputation). OR>1 indicates more 
major complications. EVAR, endovascular aneurysm repair; OSR, open surgical repair

Time trends of applied surgical technique, number of hospitals, perioperative 
mortality and proportion of octogenarians
In all patients and in the subgroup of octogenarians, EVAR was increasingly applied 
compared with OSR (all patients: OR=1.15, 95% CI=1.10–1.21; octogenarians: OR=1.18, 95% 
CI=1.09–1.29). In all patients, the percentage of EVAR increased from 29% in 2013 to 47% in 
2018, while in octogenarians, the percentage of EVAR increased from 39% in 2013 to 55% in 
2018. In 2013, 36 hospitals performed EVAR in ruptured setting, while in 2018, 47 hospitals 
performed EVAR in ruptured setting. The number of hospitals that performed OSR in 
ruptured setting was 55 in 2013 and 52 in 2018. The perioperative mortality remained stable 
over the years in all patients, and in the subgroup of octogenarians (all patients: OR=0.98, 
95% CI=0.94–1.03; octogenarians: OR=1.02, 95% CI=0.94–1.11), despite a higher proportion 
of patients treated with EVAR. During the study period, the proportion of octogenarians 
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versus non-octogenarians was stable in all patients (OR=0.98, 95% CI=0.93–1.03), OSR 
patients (OR=0.95, 95% CI=0.89–1.02), and EVAR patients (OR=0.97, 95% CI=0.91–1.05).

The impact of complications on perioperative outcomes in octogenarians
Table 3 shows that some octogenarians with specific com-plications have high 
perioperative mortality rates (EVAR: abdominal complication 81.1%, re-bleeding 93.8%; 
OSR: re-bleeding 82.1%, and renal complication: 64.9%). Moreover, an abdominal 
complication or an arterial occlusion following EVAR, and an abdominal or a neurologic 
complication following OSR have the highest median length of hospital-stay of living 
patients.

Table 3: Perioperative outcomes (perioperative mortality and length of hospital-stay of 
living patients) of all octogenarians, octogenarians with no postoperative complications, 
octogenarians with specific postoperative complications, octogenarians with major 
complications, stratified for EVAR and OSR.

No. of 
octogenarians
n (%)

Perioperative 
mortality
n (%)

Length of 
hospital-stay of 
living patients
median [IQR]

EVAR

All octogenarians 382 (100) 142 (37.2) 9 [6-15]

Octogenarians with 
no postoperative 
complications

132 (34.6) 8 (6.1) 7 [5-10]

Octogenarians with one 
or more postoperative 
complications

249 (65.2) 133 (53.4) 13 [8-21]

Octogenarians with 
specific postoperative 
complications

Abdominal 53 (13.9) 43 (81.1) 26.5 [18.75 – 33.50]

Cardiac 68 (17.8) 47 (69.1) 15 [6 – 18.5]

Pulmonary 73 (19.1) 27 (37.0) 15 [11 – 27.5]

Arterial occlusion 22 (5.8) 13 (59.1) 25 [18-32]

Reconstruction 20 (5.2) 8 (40.0) 6.50 [4.75 – 10.50]

Re-bleeding 16 (4.2) 15 (93.8) NA

Wound 8 (2.1) 1 (12.5) 8 [7 – 13.5]

Neurologic 28 (7.3) 12 (42.9) 16.5 [8.75 – 31.5]

Renal 42 (11.0) 28 (66.7) 17 [13-21]

Other 73 (19.1) 41 (56.2) 15 [9 – 21]
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Table 3: Continued.

No. of 
octogenarians
n (%)

Perioperative 
mortality
n (%)

Length of 
hospital-stay of 
living patients
median [IQR]

Octogenarians no 
major complications

170 (44.5) 0 (0.0) 8 [5-10]

Octogenarians with 
major complications

211 (55.2) 142 (67.3) 18 [15-31]

OSR

All octogenarians 410 (100) 205 (50.0) 19 [12-28]

Octogenarians with 
no postoperative 
complications

90 (22.0) 26 (28.9) 11.5 [7.25-16.75]

Octogenarians with one 
or more postoperative 
complications

319 (77.8) 178 (55.8) 21 [15.5-32]

Octogenarians with 
specific postoperative 
complications

Abdominal 84 (20.5) 54 (64.3) 31.5 [19 – 39.75]

Cardiac 82 (20.0) 49 (59.8) 21 [17 – 30]

Pulmonary 85 (20.7) 28 (32.9) 22.5 [16.75 – 37.25]

Arterial occlusion 34 (8.3) 19 (55.9) 30 [22 – 40]

Reconstruction 3 (0.7) 3 (100.0) NA

Re-bleeding 28 (6.8) 23 (82.1) 17 [16 – 19]

Wound 10 (2.4) 3 (30.0) 25 [20 – 30.75]

Neurologic 40 (9.8) 12 (30) 31 [20.25 – 37.5]

Renal 74 (18.0) 48 (64.9) 27 [17 – 38]

Other 106 (25.9) 57 (53.8) 21 [16 – 36]

Octogenarians with no 
major complications

130 (31.7) 0 (0.0) 14 [9 – 19]

Octogenarians with 
major complications

279 (68.0) 205 (73.5) 31 [26 – 41]

Abbreviations: EVAR, endovascular aneurysm repair; OSR, open surgical repair. Data are presented 
as n (%) and for continuous variables as median with IQR. Patients can suffer from more than 1 
postoperative complication simultaneously and thus can fall into more than 1 postoperative 
complication category. Thus, the perioperative outcomes can also be caused by another complication 
than by the complication of the reported group.
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DISCUSSION

This study showed that perioperative mortality rates of octogenarians following both 
EVAR and OSR were high (37.2% after EVAR; 50.0% after OSR) and significantly unfavorable 
compared with younger patients, similar to the existing literature24. However, a substantial 
proportion of the octogenarians had an uneventful recovery after surgery (1/3 after 
EVAR and 1/5 after OSR). The preoperative risk factors pulmonary or cardiac comorbidity 
and loss of consciousness were associated with mortality and major com-plications in 
octogenarians following both EVAR and OSR for rAAAs, while an increased age was not 
associated with mortality following OSR, and female sex was associated with less mortality 
following EVAR.

The recently published ESVS guidelines state that acceptable results of treatment for 
rAAA can be achieved in patients aged >80 years20. A recent meta-analysis regarding 
the outcome of rAAA-repair in octogenarians, which included besides a study from the 
nationwide Swedish Vascular Registry, studies from expert centers, (non-nationwide) 
vascular registries, an administrative database, and an insurance database, found pooled 
30-day mortality rates of 27% (95% CI=18–38) following EVAR and 52% (95% CI=44–60)5 
following OSR. Interestingly, our perioperative mortality rates following OSR were similar 
compared with the rates reported in the meta-analysis, while our perioperative mortality 
rates following EVAR were increased. In our study, “age ≥ 80” was associated with mortality 
following both EVAR (aOR=2.87) and OSR (aOR=2.21), while a recent nationwide study 
using administrative data from Japan reported that “age ≥ 80” was not associated with 
mortality in patients that underwent EVAR (aOR=1.13, 95% CI=0.77–1.66) and described 
mortality rates of 24.7% in octogenarians and 23.5% in younger patients following EVAR21. 
Furthermore, 55% of the octogenarians did not undergo OSR or EVAR in this Japanese 
study. In contrast, a recent Dutch multicentre cohort study reported a turndown rate 
for rAAA treatment of only 29.9%22, suggesting that the Japanese octogenarians were 
more strictly selected. Therefore, although we could not report the turndown rate of 
our nationwide cohort, we hypothesize that the increased perioperative mortality rates 
after EVAR in our study may suggest that relatively many high-risk octogenarians in the 
Netherlands underwent EVAR for rAAAs as a last resort.

Moreover, we described major complications and UPC rates in octogenarians compared 
with non-octogenarians. As expected, major complication rates were higher, and UPC 
rates were lower in octogenarians compared with non-octogenarians. The UPC was 
based on Textbook Outcome, which is usually used for reporting the Quality of Care in 
an elective setting of abdominal aneurysm treatment14. We chose to describe UPC rates 
to clarify the proportion of octogenarians that achieves a desirable outcome following 
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rAAA-repair, which was not described before. As is shown in Table 2, it is important to 
note that about 1/3 of octogenarians with rAAA undergoing EVAR and 1/5 undergoing 
ORS had a completely uneventful recovery, arguing that the current selection process for 
surgery is quite acceptable. Although we did not have information on turndown rates, 
better outcomes of octogenarians could probably be achieved with stricter selection for 
treatment. However, in our opinion, our UPC results suggest that turning down patients 
solely based on their age should be avoided since some octogenarians do have acceptable 
results. Besides, it is described that a substantial proportion of the octogenarians that 
survive rAAA repair (>80%) returned to their home after rehabilitation22. Moreover, it is 
hard to predict patients that definitely will perish after surgery, and it remains questionable 
whether current prediction models are sufficient to do this in this patient category reliably8.

Without an almost perfect prediction, patients will not be withheld from treatment using 
a scoring system7. Although current prediction models, using a cohort with patients up 
to 2015, could not reliably predict mortality in preoperative setting with area under the 
receiver operating characteristic curves (AUCs) varying from 0.59 to 0.727, we did not 
develop a new predictive model since our database does not include patients turned down 
for surgery and lacks morpho-logical or anatomical details. In 2016, the Dutch Aneurysm 
Score (DAS) was developed, which reported an externally validated AUC of 0.779. However, 
we could not externally validate the DAS using our nationwide cohort since the DSAA does 
not include information on cardiopulmonary resuscitation. Therefore, our study described 
preoperative patient risk factors associated with perioperative mortality and major 
complications in octogenarians, reflecting their current real-life treatment practice. Loss 
of consciousness was highly associated with mortality and major complications following 
both EVAR and OSR, suggesting that few octogenarians with loss of consciousness survive 
rAAA-repair. Interestingly, we found that females had lower mortality following EVAR, but 
not following OSR. Usually, higher 30-day mortality rates in women following rAAA-repair 
have been reported23. Therefore, our results could suggest that female octogenarians 
potentially were strictly selected for EVAR. Moreover, we found that in both treatment 
groups, lower systolic blood pressure was associated with less mortality, which was not in 
line with another study that reported on predictors of mortality after repair of rAAAs24. This 
somewhat contradictory result may be due to higher turndown rates for octogenarians 
with low systolic blood pressure. In octogenarians, increased age was associated with 
mortality following EVAR, but was not associated with mortality following OSR. Moreover, 
elevated preoperative creatinine and decreased preoperative hemoglobin, a predictor for 
mortality in the DAS9, were associated with less mortality in octogenarians following OSR. In 
addition, a juxtarenal aneurysm location was associated with less mortality compared with 
an infrarenal location following OSR, which was in contrast with the results of the IMPROVE 
trial in which a short aneurysm neck of rAAAs was associated with mortality following 
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OSR25. We hypothesize that all these counterintuitive findings could be a reflection of 
selection bias and that octogenarians with elevated preoperative creatinine, decreased 
preoperative hemoglobin, or a juxtarenal aneurysm who received OSR were more strictly 
selected for surgery, resulting in a selection of relatively fit octogenarians with low general 
frailty. For Dutch vascular surgeons, this information reflects the current treatment practice 
of octogenarians. This information could serve as a first step to evaluate the selection of 
octogenarians for surgery. However, it will be essential to have additional information on 
octogenarians who were not selected for surgery to assess the entire selection process 
of octogenarians for surgery. Moreover, survival after aneurysm repair is not the sole 
parameter of clinical success and should be complemented by patient-centered outcomes 
such as health-related quality of life and postoperative living situation22.

This study shows that octogenarians underwent EVAR more frequently than non-
octogenarians (48.2% vs 36.6%) and that EVAR was increasingly applied during the 
study period in both octogenarians and non-octogenarians. Our study showed that the 
endovascular treatment of rAAAs in all patients increased from 29% in 2013 to 47% in 2018. 
This percentage has increased over the years since physicians became more familiar with 
the EVAR technique and a stock of stent-grafts became more widely available26. However, 
the actual clinical decision in octogenarians regarding the surgical procedure when both 
EVAR and OSR are suitable could be dependent on local or regional setting as well27. 
Surprisingly, our study showed that despite the increased use of EVAR, the perioperative 
mortality rates of octogenarians and all patients were stable over the years, which was in 
contrast with previous studies28. A possible explanation for these stable mortality rates 
could be that due to the increased application of EVAR, relatively more frail patients have 
received treatment for an rAAA during the study period, which could have influenced 
perioperative mortality rates29. Although the proportion of octogenarians did not change 
over the years in our study, we could not objectify an increasing frailty rate with the data 
registered in the DSAA. The decreasing numbers of OSR in ruptured setting should have 
our attention in upcoming years, as a study that included data from 11 vascular registries 
reported lower in-hospital mortality rates in hospitals with high volumes of OSR in 
ruptured setting30.

For a correct interpretation of our findings, it is important to note that the results of 
OSR patients are not directly comparable with the results of EVAR patients since the 
characteristics of patients included in both groups were not similar. Octogenarians 
that underwent OSR had more often loss of consciousness and were more frequently 
female, compared with the octogenarians that underwent EVAR. It was described that 
in intact setting, only 34% of the female were morphologically suitable for EVAR within 
the instructions for use (IFU) due to short and angulated proximal aneurysm necks or 



95

Outcomes of Octogenarians Following Open or Endovascular Management After rAAAs

unsuitable iliac arteries (access vessels) compared with 54% in male31, which could clarify 
our high proportion of females undergoing OSR. Moreover, in our study, the OSR group 
included several juxtarenal AAAs, while only a few juxtarenal AAAs were treated with 
EVAR, which was probably due to a lack of suitable endovascular treatment options for 
juxtarenal AAAs. Future solutions with physician-modified grafts, chimney technique 
or off-the-shelf solutions might change these numbers32–34. Besides the differences in 
measured characteristics, which could be a reflection of selection bias and could influence 
outcomes, unmeasured characteristics were probably also different between the two 
groups. Therefore, we refrained from a direct comparison between both groups (EVAR vs 
OSR) and propensity score matching.

A limitation of this study is that our data was retrieved from a nationwide quality registry 
that contains limited data. Consequently, we could not correct for all potential confounders 
in our multivariable analyses—for example, as mentioned before, we could not correct for 
frailty since frailty was not registered in our registry. Frailty is described as an independent 
predictor of in-hospital mortality in emergency general surgery29 and could influence 
perioperative mortality rates. Moreover, the variable aneurysm location (infrarenal or 
juxtarenal) was not available in the entire study period. Therefore, we could only perform 
an analyses on a subgroup of patients to assess the influence of aneurysm location on 
perioperative mortality. Finally, no information is available of patients not eligible for 
surgical repair since only patients who were stable enough to reach the hospital and 
underwent surgery were included. Therefore, our findings could be a reflection of selection 
bias and we could not report on all patients with rAAAs. An important strength of our study 
is the mandatory nationwide setup.

CONCLUSION

This nationwide study provides us with valuable real-life contemporary data on outcomes 
after repair of rAAA in octogenarians that could serve as a first step to evaluate the selection 
of octogenarians for surgery. Although aneurysm repair is associated with high mortality 
in this patient cate-gory, especially after OSR, it is important to realize that a substantial 
proportion of these patients (1/3 after EVAR and 1/5 after OSR) had an uneventful recovery. 
Known preoperative risk factors do influence these outcomes and reflect current treatment 
practice.
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SUPPLEMENTARY MATERIALS

Table S1

The following complications were defined as a surgical complications:
-	� any abdominal complication (abdominal abscess, abdominal sepsis, ileus, 

spleen injury, bowel ischemia, bowel injury, stoma placement, other abdominal 
complications)

-	� any arterial occlusion ((major) amputation, renal artery arterial occlusion, other 
arterial occlusion (including trash foot))

-	� any prosthesis-/reconstruction related complication (prosthesis infection, 
prosthesis migration, other prosthesis-/reconstruction related complications)

-	�� any wound complication (deep wound infection, fascia dehiscence, other wound 
complications)

-	� any renal complication (renal insufficiency (without hemodialysis or requiring 
hemodialysis))

-	 any rebleeding
-	 pulmonary complication: pneumothorax
-	 neurologic complication: paraplegia

Table S2

Variables used for multiple imputation, including the number of records for which each 
variable is missing and the imputation method that was used; for binary data logistic 
regression was used and for unordered categorical data polytomous logistic regression 
(polyreg) was used. Bayesian linear regression (norm) was used for normal-distributed 
numeric data (norm), and data predictive mean matching (pmm) was used for non-normal 
distributed numeric data1.

Missing - EVAR 
(n, (%)

Missing -
OSR (n, %)

Imputation method

Cardiac history 147 (12.8) 313 (18.1) Polyreg*

Pulmonary history 205 (17.9) 423 (24.4) Polyreg*

ECG abnormalities 399 (34.8) 738 (42.6) Polyreg*

Hemoglobin 38 (3.3) 79 (4.6) Norm**

Creatinine 69 (6.0) 141 (8.1) Pmm***

GCS 102 (8.9) 210 (12.1) Polyreg*

1	 https://www.rdocumentation.org/packages/mice/versions/3.10.0/topics/mice
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Table S2 (continued) 

Missing - EVAR 
(n, (%)

Missing -
OSR (n, %)

Imputation method

Systolic blood pressure 86 (7.5) 178 (10.3) Pmm***

Diameter of the aneurysm 74 (6.4) 144 (8.3) Norm**

Perioperative complications 10 (0.9) 7 (0.4) Polyreg*

Length of stay at ICU 12 (1.0) 29 (1.7) Pmm***

Length of hospital stay 27 (2.4) 36 (2.1) Pmm***

Reinterventions 3 (0.3) 5 (0.3) Logreg****

Readmission 77 (6.7) 145 (8.4) Logreg****

Complications 2 (0.2) 3 (0.2) Logreg****

Also included as complete 
data: year of surgery, age, 
gender, location of the 
aneurysm, survival status 
and procedure

* Polytomous logistic regression ** Bayesian linear regression *** Predictive mean matching **** 
Logistic regression

Datasets of EVAR and OSR patients were separately imputed. All variables were included 
in the multiple imputation as predictor, except the variables ‘Length of stay at ICU’ and 
‘Length of hospital stay’ that were not included as predictor due to strong correlations.

In the complete dataset, 451 (39.4%) EVAR patients and 527 (30.4%) OSR patients had no 
missing data.

Table S3

EVAR 80- (n = 764) EVAR 80+ (n = 382) P-value

Intraoperative blood loss 0.206

0-100 ml 208 (27.2) 82 (21.5)

101-500 ml 271 (35.5) 146 (38.2)

501-999 ml 28 (3.7) 18 (4.7)

>1000 ml 58 (7.6) 37 (9.7)

NA/missing 199 (26.0) 99 (25.9)

Use of cell saver* 37/417 (8.9) 24/221 (10.9) 0.502

Intraoperative complications <0.001

No 679 (88.9) 310 (81.2)

4
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Table S3 (continued)

EVAR 80- (n = 764) EVAR 80+ (n = 382) P-value

Cardiopulmonary resuscitation 
/ myocardial infarction

17 (2.2) 28 (7.3)

Other 57 (7.5) 40 (10.5)

Death 4 (0.5) 1 (0.3)

NA/missing 7 (0.9) 3 (0.8)

Admission to ICU 0.932

No 96 (12.6) 51 (13.4)

Yes 660 (86.4) 327 (85.6)

NA/missing 8 (1.0) 4 (1.0)

Length of ICU-stay (median [IQR]) 1 [1, 3] 1 [1, 3] 0.664

* data from 2016 is shown

OSR 80- (n = 1323) OSR 80+ (n = 410) P-value
Intraoperative blood loss 0.025

0-100 ml 5 (0.4) 5 (1.2)
101-500 ml 45 (3.4) 18 (4.4)
501-999 ml 92 (7.0) 31 (7.6)
>1000 ml 899 (68.0) 248 (60.5)
NA/missing 282 (21.3) 108 (26.3)

Use of cell saver* 0.062
No 120/613 (19.6) 48/178 (27.0)
Yes 492/613 (80.3) 130/178 (73.0)
NA/missing 1/613 (0.2) 0/613 (0.0)

Intraoperative complications 0.005
No 1078 (81.5) 308 (75.1)
Cardiopulmonary resuscitation 
/ myocardial infarction

82 (6.2) 34 (8.3)

Other 154 (11.6) 59 (14.4)
Death 4 (0.3) 7 (1.7)
NA/missing 5 (0.4) 2 (0.5)

Admission to ICU 0.932
No 68 (5.1) 46 (11.2)
Yes 1231 (93.0) 359 (87.6)
NA/missing 24 (1.8) 5 (1.2)

Length of ICU-stay (median 
[IQR])

3 [2, 8] 3 [1, 8] 0.664

* data from 2016 is shown
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EVAR 80+, patients 
who survived 
perioperatively 
(n = 240)

EVAR 80+, 
patients 
who died 
perioperatively 
(n = 142)

P-value

Intraoperative blood loss 0.001

0-100 ml 57 (23.8) 25 (17.6)

101-500 ml 102 (42.5) 44 (31.0)

501-999 ml 11 (4.6) 7 (4.9)

>1000 ml 13 (5.4) 24 (16.9)

NA/missing 57 (23.8) 42 (29.6)

Use of cell saver* 13/135 (9.6) 11/86 (12.8) 0.607

Intraoperative complications <0.001

No 224 (93.3) 86 (60.6)

Cardiopulmonary 
resuscitation / myocardial 
infarction

2 (0.8) 26 (18.3)

Other 11 (4.6) 29 (29.4)

Death 0 (0.0) 1 (0.7)

NA/missing 3 (1.2) 0 (0.0)

Admission to ICU

No 28 (11.7) 23 (16.2) 0.100

Yes 221 (87.9) 116 (81.7)

NA/missing 1 (0.4) 3 (2.1)

Length of ICU-stay (median 
[IQR])

1 [1, 3] 1 [1, 3] 0.939

* data from 2016 is shown

4
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OSR 80+, patients 
who survived 
perioperatively 
(n = 205)

OSR 80+, 
patients 
who died 
perioperatively 
(n = 205)

P-value

Intraoperative blood loss 0.054

0-100 ml 2 (1.0) 3 (1.5)

101-500 ml 10 (4.9) 8 (3.9)

501-999 ml 22 (10.7) 9 (4.4)

>1000 ml 126 (61.5) 122 (59.5)

NA/missing 45 (22.0) 63 (30.7)

Use of cell saver* 57/80 (71.2) 73/98 (74.5) 0.753

Intraoperative complications < 0.001

No 178 (86.8) 130 (63.4)

Cardiopulmonary 
resuscitation / myocardial 
infarction

1 (0.5) 33 (16.1)

Other 25 (12.2) 34 (16.6)

Death 0 (0.0) 7 (3.4)

NA/missing 1 (0.5) 1 (0.5)

Admission to ICU < 0.001

No 6 (2.9) 40 (19.5)**

Yes 197 (96.1) 162 (79.0)

NA/missing 2 (1.0) 3 (1.5)

Length of ICU-stay (median 
[IQR])

5 [3, 11] 1 [1, 5] <0.001

* data from 2016 is shown. ** Of these patients: 21 patients received cardiopulmonary resuscitation 
or had a myocardial infarction during surgery, and 7 patients died during surgery.

Table S4

Overview of complications included in cardiac and abdominal complications:

Cardiac complications: myocardial infarction, heart failure, cardiac rhythm disturbances, 
other cardiac complications

Abdominal complications: abdominal abscess, abdominal sepsis, ileus, spleen injury, bowel 
ischemia, bowel injury, stoma placement, other abdominal complications.
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Table S5

Univariable and multivariable logistic regression analyses using original data completed by 
multiple imputation for EVAR and OSR to assess the association of patient-related risk factors 
with perioperative mortality in octogenarians

EVAR Univariable analysis Multivariable analysis

Factor OR 95%-CI P-value aOR 95%-CI P-value

Age (per year) 1.12 1.11 – 1.13 <0.001 1.13 1.12 – 1.14 <0.001

Female sex 0.75 0.69 – 0.81 <0.001 0.69 0.63 – 0.75 <0.001

Cardiac comorbidity 2.16 2.03 – 2.29 <0.001 1.93 1.80 – 2.06 <0.001

Pulmonary comorbidity 2.12 2.00 – 2.24 <0.001 1.77 1.66 – 1.88 <0.001

Abnormalities on ECG 2.22 2.09 – 2.35 <0.001 1.54 1.44 – 1.65 <0.001

Creatinine ≥ 190 2.51 2.32 – 2.73 <0.001 2.31 2.11 – 2.53 <0.001

Systolic blood pressure (per 
10 mmHg)

0.89 0.88 – 0.90 <0.001 0.90 0.89 – 0.91 <0.001

GCS <12 3.89 3.53 – 4.29 <0.001 3.30 2.97 – 3.66 <0.001

Hemoglobin <5.6 1.40 1.30 – 1.51 <0.001 1.12 1.04 – 1.22 0.006

Aortoiliac location 0.69 0.62 – 0.77 <0.001 0.62 0.55 – 0.69 <0.001

Diameter (per 10 mm) 1.03 1.02 – 1.05 <0.001 0.99 0.97 – 1.01 0.209

OSR Univariable analysis Multivariable analysis

Factor OR 95%-CI P-value aOR 95%-CI P-value

Age (per year) 1.00 0.99 – 1.01 0.672 1.00 0.99 – 1.01 0.451

Female sex 1.05 1.00 – 1.11 0.059 1.03 0.98 – 1.09 0.267

Cardiac comorbidity 1.76 1.68 – 1.85 <0.001 1.85 1.75 – 1.95 <0.001

Pulmonary comorbidity 1.42 1.34 – 1.49 <0.001 1.36 1.29 – 1.44 <0.001

Abnormalities on ECG 1.45 1.38 – 1.52 <0.001 1.10 1.04 – 1.16 <0.001

Creatinine ≥ 190 0.64 0.58 – 0.71 <0.001 0.64 0.58 – 0.71 <0.001

Systolic blood pressure (per 
10 mmHg)

0.90 0.89 – 0.90 <0.001 0.89 0.88 – 0.90 <0.001

GCS <12 2.60 2.42 – 2.80 <0.001 2.80 2.60 – 3.03 <0.001

Hemoglobin <5.6 0.88 0.82 – 0.94 <0.001 0.63 0.58 – 0.67 <0.001

Aortoiliac location 1.00 0.82 – 1.21 1.000 -

Diameter (per 10 mm) 0.99 0.98 – 1.00 0.065 1.00 0.99 – 1.01 0.841

4
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Table S6

Univariable and multivariable logistic regression analyses using original data completed by 
multiple imputation for EVAR and OSR to assess the association of patient-related risk factors 
with major complications in octogenarians

EVAR Univariable analysis Multivariable analysis

Factor OR 95%-CI P-value aOR 95%-CI P-value

Age (per year) 1.09 1.08 – 1.10 <0.001 1.08 1.07 – 1.09 <0.001

Female sex 0.66 0.62 – 0.71 <0.001 0.68 0.63 – 0.73 <0.001

Cardiac comorbidity 1.70 1.61 – 1.80 <0.001 1.43 1.35 – 1.52 <0.001

Pulmonary comorbidity 2.00 1.89 – 2.12 <0.001 1.67 1.58 – 1.78 <0.001

Abnormalities on ECG 2.10 1.98 – 2.21 <0.001 1.60 1.51 – 1.70 <0.001

Creatinine ≥ 190 2.47 2.26 – 2.71 <0.001 2.19 1.99 – 2.41 <0.001

Systolic blood pressure (per 
10 mmHg)

0.92 0.92 – 0.93 <0.001 0.93 0.92 – 0.94 <0.001

GCS <12 4.34 3.86 – 4.90 <0.001 3.70 3.28 – 4.19 <0.001

Hemoglobin <5.6 1.27 1.18 – 1.37 <0.001 1.03 0.95 – 1.12 0.494

Aortoiliac location 1.01 0.92 – 1.12 0.788 -

Diameter (per 10 mm) 1.04 1.02 – 1.05 <0.001 1.02 1.00 – 1.03 0.059

OSR Univariable analysis Multivariable analysis

Factor OR 95%-CI P-value aOR 95%-CI P-value

Age (per year) 0.97 0.96 – 0.98 <0.001 0.96 0.96 – 0.97 <0.001

Female sex 1.27 1.20 – 1.34 <0.001 1.29 1.21 – 1.37 <0.001

Cardiac comorbidity 1.43 1.36 – 1.51 <0.001 1.40 1.32 – 1.48 <0.001

Pulmonary comorbidity 1.27 1.20 – 1.34 <0.001 1.23 1.16 – 1.30 <0.001

Abnormalities on ECG 1.46 1.39 – 1.54 <0.001 1.25 1.18 – 1.32 <0.001

Creatinine ≥ 190 0.69 0.63 – 0.76 <0.001 0.66 0.59 – 0.73 <0.001

Systolic blood pressure (per 
10 mmHg)

0.92 0.91 – 0.92 <0.001 0.92 0.92 – 0.93 <0.001

GCS <12 3.11 2.84 – 3.42 <0.001 2.96 2.69 – 3.26 <0.001

Hemoglobin <5.6 1.44 1.34 – 1.55 <0.001 1.18 1.09 – 1.27 <0.001

Aortoiliac location 0.94 0.77 – 1.15 0.532 -

Diameter (per 10 mm) 1.02 1.01 – 1.03 0.007 1.05 1.03 – 1.06 <0.001
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ABSTRACT

Background
Previous studies have focused on patient-related risk factors to explain the higher mortality 
risk in women undergoing elective abdominal aortic aneurysm (AAA) repair. The aim of 
this study was to evaluate whether hospital-related factors influence outcomes following 
AAA repair in women.

Methods
Patients undergoing elective AAA repair in 61 hospitals in the Netherlands were identified 
from the Dutch Surgical Aneurysm Audit registry (2013–2018). A mixed-effects logistic 
regression analysis was conducted to assess the effect of sex on in-hospital and/or 30-day 
mortality. This analysis accounted for possible correlation of outcomes among patients 
who were treated in the same hospital, by adding a hospital-specific random effect to the 
statistical model. The analysis adjusted for patient-related risk factors and hospital volume 
of open surgical repair (OSR) and endovascular aneurysm repair (EVAR).

Results
Some 12 034 patients were included in the analysis. The mortality rate was higher in 
women than among men: 53 of 1780 (3.0per cent) versus 152 of 10 254 (1.5 per cent) 
respectively. Female sex was significantly associated with mortality after correction for 
patient- and hospital-related factors (odds ratio 1.68, 95 per cent c.i. 1.20 to 2.37). OSR 
volume was associated with lower mortality (OR 0.91 (0.85 to 0.95) per 10-procedure 
increase) whereas no such relationship was identified with EVAR volume (OR 1.03 (1.01 
to1.05) per 10-procedure increase).

Conclusion
Women are at higher risk of death after abdominal aortic aneurysm repair irrespective of 
patient- and hospital-related factors.
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INTRODUCTION

Patients with an abdominal aortic aneurysm (AAA) can be treated electively by open 
surgical repair (OSR) or endovascular aneurysm repair (EVAR)1. Previous studies2–5 have 
shown that excess perioperative mortality is evident among women following both types 
of repair. Well known patient-related risk factors are associated with increased mortality 
risk, including age, cardiac and pulmonary co-morbidity, and impaired renal function6–9. 
Despite correction for such factors, female sex has persistently been associated with 
increased mortality2,8.

Hospital-level factors such as expertise in AAA surgery may in-fluence patient outcomes. 
Volume can be used as a proxy for expertise and has been found to have an inverse 
relationship with mortality1,10,11. However, previous studies2,8,12 have focused only on patient-
related factors. The aim of this study was to establish whether hospital-level factors could 
explain some of the differences in outcome associated with women after AAA surgery.

METHODS

Study Design and Data Source
A retrospective study from the Dutch Surgical Aneurysm Audit (DSAA) was conducted in 
accordance with the STROBE statement13. The DSAA is a nationwide and mandatory quality 
registry that was initiated in 2013, and obtains data on all patients who undergo surgery 
for an aortic aneurysm in the Netherlands across 61 hospitals.

Study Population
Patients eligible for the present study were female and male patients registered in the 
DSAA who underwent primary elective OSR or EVAR for an asymptomatic AAA between 
January 2013 – December 2018.

Variables and Definitions
Patient- and hospital-related factors considered to have an im-pact on mortality from a 
clinical point of view and/or known from the literature were assessed before the analysis 
by means of a directed acyclic graph to minimize bias (Table S1). The patient-related 
risk factors age, AAA diameter, cardiac and pulmonary co-morbidity, serum creatinine 
levels, and type of repair were extracted from the registry. Cardiac and pulmonary co-
morbidities were registered in the DSAA in accordance with POSSUM14. This score is used 
to predict 30-day mortality and morbidity rates after surgery, and was designed specifically 
for surgical audit purposes15,16. The hospital-related factor hospital volume was divided 
into OSR and EVAR volume, as the separate volumes can be differently associated with 

5
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mortality17. The volumes of both types of repair were calculated as the total number of 
primary elective repairs in each hospital throughout the 6-year study period. The total 
number of patients who had surgery for an aortic aneurysm per hospital was used to 
calculate hospital volume, regardless of whether patients had missing values on patient-
related risk factors as all of the registered repairs add to the cumulative hospital expertise.

Outcome
The primary outcome of interest for this study was the effect of sex on perioperative 
mortality, comprising in-hospital mortality during primary admission and 30-day mortality.

Statistical Analysis
Baseline characteristics of both the total study cohort and complete cases are reported, 
along with hospital characteristics including the percentage of women treated with OSR 
and EVAR per hospital. Continuous variables, stratified by sex, are reported as mean (s.d.) 
or median (i.q.r.), depending on the distribution. Categorical variables are reported as 
absolute numbers with percentages.

The data can be regarded to have a clustered structure as they were obtained from 61 
hospitals, whereby patients from the same hospital formed a single cluster (group). It is 
possible that patients treated in the same hospital have correlated outcomes18,19. A wide 
variety of factors may lead to higher or lower mortality rates in particular hospitals. To deal 
with possible correlated out-comes, a mixed-effects logistic regression model was used. 
The following were used as fixed effects in the analysis: OSR volume, EVAR volume, age, 
sex, AAA diameter, cardiac and pulmonary co-morbidity, serum creatinine levels, and type 
of repair. The random effect in the statistical model was a hospital-specific offset, which 
was assumed to follow a normal distribution with a mean of zero. To assess the degree 
of correlation between patients treated in the same hospital, the intraclass correlation 
coefficient (ICC) was calculated19. The ICC is calculated by dividing the random-effect 
variance (between-hospital variance) by the total unexplained variance (between-hospital 
variance and assumed within-hospital variance; fixed value of π2/3 in standard logistic 
distribution)19,20.

The analysis included patients with complete data on patient-related risk factors (complete-
case analysis). The association be-tween variables and perioperative mortality was 
expressed as odds ratios (ORs) with the corresponding 95 per cent confidence intervals. 
P<0.050 was considered statistically significant. Statistical analyses were conducted 
with SPSS®25 (IBM, Armonk, NY, USA) and R studio version 1.3.959 (The R Foundation for 
Statistical Computing, Vienna, Austria).
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RESULTS

Participants and Descriptive Data
Some 13 091 patients who underwent elective primary AAA repair in 61 hospitals were 
registered in the DSAA (Fig. 1). These data were used to calculate hospital volume. 
After exclusion of 30 patients aged 18 years or under, or for whom information on sex 
or mortality was missing, the total study cohort comprised 13 061 patients. Data were 
considered to be missing completely at random as patients with missing values on patient-
related factors were not treated at specific hospitals. Hence, no hospital was excluded from 
the analysis. Ultimately, 12 034 patients were included in the complete case-analysis. A 
total of 2827 patients were treated with OSR (550 women, 19.5 per cent) and 9207 with 
EVAR (1230 women, 13.4 per cent). Women were older than men at the time of surgery: 
mean (s.d.) 74.1(7.7) versus 73.1(7.6) years respectively (P,0.001) (Table 1).

Figure 1: Study flow diagram.

*Used in calculation of hospital volume. AAA, abdominal aortic aneurysm

5
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Table 1: Baseline characteristics of patients undergoing primary elective abdominal aortic 
aneurysm repair in the Netherlands (2013–2018)

Total study cohort Complete cases

Women 
(n = 1916)

Men 
(n = 11145)

Women 
(n = 1780)

Men 
(n = 10254)

Age (years)* 74.1 (7.7) 73.1 (7.6) 74.1 (7.7) 73.1 (7.6)

AAA diameter (mm) ** 55 (52-60) 58 (55-65) 55 (52-60) 58 (55-65)

missing 30 (1.6) 125 (1.1)

Preoperative cardiac status

no cardiac history 820 (43.9) 4702 (43.7) 780 (43.8) 4492 (43.8)

medication for 
hypertension, angina 
pectoris, diuretics, 
digoxin

883 (47.3) 4889 (45.4) 841 (47.2) 4631 (45.2)

peripheral oedema, 
anticoagulation (vitamin 
K antagonist), borderline 
cardiomyopathy

144 (7.7) 995 (9.2) 138 (7.8) 957 (9.3)

increased central venous 
pressure, cardiomegaly

21 (1.1) 182 (1.7) 21 (1.2) 174 (1.7)

missing 48 (2.5) 377 (3.4)

Preoperative pulmonary 
status

no dyspnoea 1313 (69.6) 8280 (75.4) 1232 (69.2) 7715 (75.2)

dyspnoea on exertion 476 (25.2) 2281 (20.8) 457 (25.7) 2145 (20.9)

disabling dyspnoea 72 (3.8) 318 (2.9) 69 (3.9) 302 (2.9)

dyspnoea at rest, 
consolidation, fibrosis

26 (1.4) 100 (0.9) 22 (1.2) 92 (0.90)

missing 29 (1.5) 166 (1.5)

Creatinine (µmol/L)** 76 (65-92) 92 (79-110) 76 (64-92) 92 (79-109)

missing 44 (2.3) 305 (2.7)

Values in parentheses are percentages unless indicated otherwise; values are *mean (s.d.) and 
**median (i.q.r.). Baseline characteristics are shown for 13061 patients who underwent primary 
elective abdominal aortic aneurysm (AAA) repair after exclusion of those aged 18 years or less, or 
with missing values on sex or mortality, and for 12 034 patients after excluding those whose data 
set was incomplete.
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Hospital Characteristics
The median total number of elective AAA repairs over 6 years was 243 (i.q.r. 187–320) 
per hospital. The median OSR volume was 55 (39–78) and median EVAR volume was 193 
(140–240). Some 18.8 per cent of all patients treated by OSR per hospital, and 12.9 percent 
of all those treated by EVAR per hospital, were women (Table 2).

Table 2: Type of repair and proportion of women treated per hospital across 61 hospitals in 
the Netherlands (2013-2018)

Total study cohort 
(n = 13061)

Complete cases 
(n = 12034)

% OSR per hospital 23.2 (16.5-30.0) 23.1 (16.3-29.1)

% women treated per hospital 14.8 (12.6-16.2) 14.6 (12.7-16.0)

% women treated by OSR per 
hospital

18.2 (14.7-21.8) 18.8 (15.2-22.9)

% women treated by EVAR per 
hospital

12.6 (10.5-15.2) 12.9 (10.7-15.4)

Values are median (interquartile range). OSR, open surgical repair. EVAR, endovascular aneurysm 
repair.

Mortality Data
The overall mortality rate was higher in women than men (53 of 1780 (3.0 per cent) versus 
152 of 10 254 (1.5 per cent); P=0.001). Mortality rates were higher in women than in men 
after both OSR (38 of 550 (6.9 per cent) versus 104 of 2277 (4.6 per cent); P=0.024) and EVAR 
(15 of 1230 (1.2 per cent) versus 48 of 7977 (0.6 per cent); P=0.014).

Mixed-effects Logistic Regression Analysis
After adjusting for patient- and hospital-related factors, female sex was significantly 
associated with perioperative mortality (OR 1.68, 95 per cent c.i. 1.20 to 2.37). Advanced 
age, cardiac and pulmonary comorbidity, higher serum creatinine levels, and OSR as 
type of repair were also associated with an increased mortality risk (Table 3). Higher 
hospital OSR volume was associated with a lower risk of mortality (OR 0.91 (0.85 to 0.95) 
per 10-procedure increase), whereas higher hospital EVAR volume was associated with a 
higher risk of death (OR 1.03 (1.01 to 1.05) per 10-procedure increase).

The estimated hospital-specific offset variance across hospitals was 0.08. An ICC of 0.024 
(2.4 per cent) suggested that the out-comes of patients treated in the same hospital were 
only slightly correlated.
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Table 3: Mixed-effects logistic regression analysis to determine the effect of sex on 30-day and/
or in-hospital mortality following elective abdominal aortic aneurysm repair in the Netherlands

Odds ratio P

Sex (F versus M) 1.68 (1.20, 2.37) 0.003

Age (per year) 1.07 (1.05, 1.10) <0.001

AAA diameter (per 10 mm) 1.04 (0.91, 1.18) 0.577

Cardiac co-morbidity

no cardiac history 1.00 (reference)

medication for hypertension, angina pectoris, diuretics, 
digoxin

1.31 (0.94, 1.83) 0.108

peripheral oedema, anticoagulation (vitamin K antagonist), 
borderline cardiomyopathy

1.86 (1.17, 2.95) 0.009

increased central venous pressure, cardiomegaly 2.64 (1.12, 6.23) 0.026

Pulmonary co-morbidity

no dyspnoea 1.00 (reference)

dyspnoea on exertion 2.36 (1.73, 3.21) <0.001

disabling dyspnoea 2.12 (1.03, 4.36) 0.042

dyspnoea at rest, consolidation, fibrosis 8.33 (3.86, 17.99) <0.001

Creatinine (per 100-µmol/l increase) 1.61 (1.33, 1.96) <0.001

Type of repair (OSR versus EVAR) 12.23 (8.69, 17.23) <0.001

Hospital volume OSR (per 10 procedures 0.91 (0.85, 0.95) 0.002

Hospital volume EVAR (per 10 procedures) 1.03 (1.01, 1.05) 0.017

Values in parentheses are 95 per cent confidence intervals. OSR, open surgical repair; EVAR, 
endovascular aneurysm repair. These are the results of the analysis investigating the effect of sex 
on perioperative mortality, with correction for confounders.

DISCUSSION

The associations between both patient- and hospital-related factors and mortality in AAA 
surgery have been well reported previously. In the investigation of the higher mortality rate 
in women following elective AAA repair, contemporary studies2,3,5 have focused foremost 
on patient-related risk factors. As hospital-level factors can affect outcomes as well, a study 
combining both factors was conducted to find an explanation beyond patient-related 
factors for why women are at higher risk. Using nationwide data on aortic aneurysm repair 
in the Netherlands, the present study found that female sex was associated with mortality 
after additional correction for interhospital variation.
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These findings corroborated those of a recent study21 that investigated sex as a modifier in 
the volume–outcome relationship. The authors concluded that female sex was associated 
with increased mortality and that hospital volume did not have a consistent effect in 
women21. Another study11 that investigated various hospital-level variables showed that 
institutional practice patterns had a relatively minor impact on mortality in comparison 
to patient-level risk factors. These reports suggest that factors at patient level may be 
more important in explaining the higher mortality risk among women. The patient-level 
risk factors advanced age, cardiac and pulmonary co-morbidity, high serum creatinine 
levels, and OSR as type of repair were associated with mortality in the present study, in 
agreement with previous studies6,22,23. Further in-depth research on other patient-related 
risk factors, such as anatomical, genetic or biological differences between women and 
men, are needed to identify potential explanations for the sex-specific mortality risk.

Hospital volume as a measurable parameter at hospital level was used as a proxy to express 
possible variation in expertise in AAA surgery and other hospital-related processes, such 
as re-sources for dealing with postoperative complications. Cumulative number of OSR 
or EVAR procedures performed over 6 years in each hospital was used as hospital volume, 
which can be considered to correspond to the average annual volume used in previous 
studies24–26. The focus of the present analysis was the mortality risk among patients who 
underwent elective re-pair. As such, ruptured AAA procedures were not taken into the 
calculation of hospital volume, which may not have done justice to tertiary referral centres 
that performed more repairs for ruptured AAA than other centres and may potentially 
have affected outcomes. Although different definitions of volume have been used, higher 
hospital volume is reported to be associated with lower mortality after AAA repair27–29. 
However, there seems to be a difference in strength of the association of OSR and EVAR 
volume with mortality. Previous research17 has shown that the association between 
OSR volume and mortality is stronger than that for EVAR volume. Although higher OSR 
volume was associated with lower mortality as identified previously24,30, EVAR volume was 
associated with a slightly higher mortality risk in the present study. As EVAR has a relatively 
low mortality rate and EVAR volume has been reported to have no or little relationship 
with mortality, a possible explanation for this surprising observation is that selection bias 
had occurred24,25. EVAR as a less invasive operation is often the procedure of choice in older 
patients with more co-morbidity, and/or offered to a broader selection of patients31–34. 
Alternatively, heterogeneity in definitions of hospital volume may also have had an impact 
on differences in out-comes. For example, some analyses24–26used the average annual 
hospital volume, whereas another study35 used the annual hospital volume. Although 
these studies revealed similar outcomes for OSR (volume–outcome association), a minor 
difference was noted for EVAR (minor volume–outcome association or no association). 
Notably, the interpretation of the volume–outcome relationship in the present study 
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is different from that in studies that investigated the effect of hospital volume on the 
mortality risk of patients undergoing OSR or EVAR25,26,35. As such, the hospital volume–
outcome relationship can be investigated in various ways, reflecting the complexity of 
the underlying mechanisms.

The study aimed to control for possible unexplained interhospital variation that may have 
affected patient outcomes, by accounting for possible correlation between outcomes 
of patients treated in the same hospital. Hospital parameters that may vary included 
the concept of heterogeneity in differences in surgical experience with type of repair or 
differences in experience with postoperative AAA care in women. As a secondary finding, 
the analysis showed that there was no heterogeneity between hospitals after correction 
for the fixed effects; all hospitals performed equally. Although the study aimed to capture 
these unmeasured hospital-related parameters, there is a possibility that the authors could 
not have accounted for all such factors.

The study showed that female sex is associated with high mortality after elective AAA 
repair. The high mortality risk in women may in part be due to a minor delay in treatment, 
reflected by a median AAA diameter of 5.5 cm, with potentially more advanced AAA 
disease and need for complex repair. However, as women are at higher risk of perioperative 
mortality, perhaps the trade-off of treating women with surgery should be re-evaluated. 
The thresh-old for treating AAA in women is currently set at an aortic diameter of 5.0 cm, 
which is lower than the threshold of 5.5 cm in men, possibly because women have a higher 
risk of aneurysm rupture than men1,36. Yet, perhaps the perioperative mortality risk exceeds 
the rupture risk at the lower AAA diameter threshold. As further studies are warranted to 
investigate this trade-off, a more dynamic approach to treatment may be suggested mean-
while. For women undergoing open repair, the threshold should perhaps be increased 
until as-yet unidentified risk factors for mortality have been elucidated, whereas a lower 
threshold maybe indicated for EVAR considering the low mortality risk. It is clear that a 
tailormade decision is required, by incorporating the patient’s preference into shared 
decision-making37.

There were some limitations to this study. First, potential risk factors that were not 
registered in the DSAA could not be taken into account. These include both patient- and 
hospital-related factors; the former include AAA parameters such as aneurysm anatomy 
and operative complexity, and the latter surgeon volume (number of procedures 
performed per surgeon) which has been proposed to be associated with mortality38,39. 
Social factors such as caregiver status may also influence outcomes, which could not be 
taken into account in the present analysis. Second, this retrospective study used data from 
a quality registry that was not primarily designed for research and could have missing 
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values. The percentage of missing values for each co-morbidity was less than 4 per cent 
and the incomplete data were distributed over approximately 8 per cent of the patients. 
The information bias of the extracted variables was therefore considered to be acceptable.
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SUPPLEMENTAL MATERIALS

Table S1: Directed Acyclic Graph

Display of causal assumptions between the variables. The primary interest is the effect of sex 
on death. Creatinine, cardiac and pulmonary comorbidity, age, AAA diameter, type of surgery 
and hospital volume were confounders in the statistical model.
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ABSTRACT

Background
The sharp decrease in open surgical repair (OSR) for abdominal aortic aneurysm (AAA) has 
raised concerns about con-temporary postoperative outcomes. The study was designed 
to analyse the impact of complications on clinical outcomes within30 days following OSR.

Methods
Patients who underwent OSR for intact AAA registered prospectively between 2016 and 
2019 in the Dutch Surgical Aneurysm Audit were included. Complications and outcomes 
(death, secondary interventions, prolonged hospitalization) were evaluated. The adjusted 
relative risk (aRR) and 95 per cent confidence intervals were computed using Poisson 
regression. Subsequently, the population-attributable fraction (PAF) was calculated. The 
PAF reflects the expected percentage reduction of an outcome if a com-plication were to 
be completely prevented.

Results
A total of 1657 patients were analysed. Bowel ischaemia and renal complications had the 
largest impact on death (aRR 12.44 (95 per cent c.i. 7.95 to 19.84) at PAF 20 (95 per cent c.i. 
8.4 to 31.5) per cent and aRR 5.07 (95 per cent c.i. 3.18 to 8.07) at PAF14 (95 per cent c.i. 0.7 
to 27.0) per cent, respectively). Arterial occlusion had the greatest impact on secondary 
interventions (aRR 11.28 (95 per cent c.i. 8.90 to 14.30) at PAF 21 (95 per cent c.i. 14.7 to 
28.1) per cent), and pneumonia (aRR 2.52 (95 per cent c.i. 2.04 to 3.10) at PAF 13 (95 per 
cent c.i. 8.3 to 17.8) per cent) on prolonged hospitalization. Small effects were observed 
on outcomes for other complications.

Conclusion
The greatest clinical impact following OSR can be made by focusing on measures to reduce 
the occurrence of bowel ischaemia, arterial occlusion and pneumonia.
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INTRODUCTION

In the field of vascular surgery, registry data are being used increasingly as a tool for quality 
improvement1. Since 2013, all patients undergoing abdominal aortic aneurysm (AAA) 
surgery in the Netherlands have been recorded in the Dutch Surgical Aneurysm Audit 
(DSAA) to monitor and improve the quality of care2,3. Nowadays, AAA is predominantly 
treated by endovascular aortic aneurysm repair (EVAR) rather than open surgical repair 
(OSR)4. In about 25 per cent of elective infrarenal AAA repairs, OSR is still the preferred 
method5,6. Previous studies have shown the initial benefits of lower morbidity and 
mortality rates after EVAR, but this early advantage disappears during follow-up5,7–9. 
Quality improvement of perioperative care in vascular patients has become an important 
topic to prevent complications10. Yet, concerns have arisen that as OSR is now performed 
so infrequently, patient outcomes may be less favourable11. In order to optimize the 
current short-term outcomes after OSR, it is necessary to improve the quality of surgical 
postoperative care. Therefore, those postoperative complications that most affect 
outcomes need to be highlighted. Previous literature has demonstrated the prevalence 
of complications and out-comes after open AAA repair5,7–9,12. However, just reporting the 
prevalence of outcomes is not enough to measure the overall im-pact of complications 
on the population.

In order to define those complications most relevant to OSR, and to assess their impact on 
postoperative outcomes and the consequences of avoidance of a certain complication, the 
population-attributable fraction (PAF) can be used. The PAF is the pro-portion of events in 
the population that are attributable to the risk factor. The PAF is defined by the reduction 
of a disease (for example lung cancer) in the population that would occur if a certain risk 
factor was completely removed (for example no to-bacco use)13,14. Furthermore, the PAF is 
a useful tool to assess the impact on public health of complications of several outcomes 
(such as death and secondary interventions), as it includes the frequency of a complication 
as well as the relative risk of a certain outcome related to that complication14. Complications 
after OSR lead to an increase in mortality rate and duration of hospital stay and significant 
increase in medical costs15,16. Furthermore, the 30-day intervention rate after OSR has been 
associated with increased postoperative mortality rate16. Reduction of complications is 
likely to result in lower postoperative morbidity and mortality rates, especially if those 
complications with the largest impact on mortality rate can be prevented.

The aim of this DSAA registry study was to identify the most frequently occurring 
complications following OSR, and subsequently to evaluate the impact of these 
complications on predetermined outcomes within 30 days by using the PAF.

6
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METHODS

Study design
This observational study used data accessed from the DSAA, a mandatory national 
vascular audit in which every vascular medical centre has registered all AAA repairs in 
the Netherlands since 2013. The DSAA is one of the healthcare quality registries of the 
Dutch Institute of Clinical Auditing2. Verification of the DSAA data was executed in 2015 
through a random sample of hospitals17. This study was approved by the scientific board 
of the DSAA (DSAA201907) and performed in accordance with the STROBE guidelines for 
observational studies18.

Patients
All consecutive patients were eligible for inclusion if they had undergone a primary OSR 
for a non-ruptured (elective and symptomatic) infrarenal AAA between January 2016 and 
December 2019 at one of 60 medical centres in the Netherlands. Patients were excluded if 
predefined variables such as sex, age or 30-dayor in-hospital death were missing.

Definitions
Baseline patient characteristics included age, sex, preoperative AAA diameter, cardiac 
co-morbidities (such as angina pectoris, hypertension), pulmonary co-morbidities 
(such as dyspnoea, chronic pulmonary diseases), and haemoglobin and creatinine 
concentrations. The definitions of registered co-morbidities can be found in Table S1. Up 
to 2018, baseline patient characteristics and co-morbidities were registered in the DSAA in 
accordance with the categorizations of the Physiological and Operative Severity Score for 
the enumeration of Mortality and morbidity (POSSUM) score, a mortality-risk-prediction 
model for surgical patients19. From 2019 onwards, the registration of co-morbidities 
has been based on International Classification of Diseases (ICD) codes. Postoperative 
complications registered in the DSAA are listed in Table S2. Postoperative morbidity was 
assessed, and the complications were distributed into the following categories: abdominal 
sepsis or abscess, bowel ischaemia, arterial occlusion (for example amputation, renal or 
other artery occlusion, trash foot), wound complications (such as deep wound infection), 
myocardial infarction or arrhythmia, congestive heart failure, pneumonia, other pulmonary 
complications (pulmonary embolism, pneumothorax), renal insufficiency (scored at 
surgeon’s discretion; without or requiring haemodialysis), significant rebleeding (need 
for packed cells transfusion or secondary intervention), neurological complications 
(cerebrovascular accident or paraplegia), and other.

The primary outcome measure was the impact of postoperative complications within 30 
days on mortality rate, secondary interventions and prolonged hospital stay. Postoperative 
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death was defined as death within 30 days after the primary OSR, or within the same period 
of hospital admission. Secondary interventions were defined as all secondary interventions 
following primary OSR within 30 days that were registered in the DSAA. Prolonged hospital 
stay was specified as length of hospital stay of the surviving patients above the 75th 
percentile, registered in the DSAA and stratified by elective or urgent intact repair.

Statistical analysis
Patient characteristics were analysed by means of descriptive statistics. Normal distribution 
of the data was tested with histograms and Q-Q plots. Normally distributed continuous 
data were reported as mean with standard deviation. Data were reported as median 
with interquartile range if they did not follow normal distribution. Categorical variables 
were presented as proportions, and differences in proportions were assessed with the 
χ2 test and Fisher’s exact test, when appropriate. A two-sided P<0.050 was considered 
to be statistically significant. The frequencies of all complications and outcomes were 
calculated. First, the adjusted relative risk (aRR) with 95 per cent confidence intervals was 
calculated for each complication–outcome pair using Poisson regression models with 
log link (exponentiates linear predictors) and robust error variance (to narrow confidence 
intervals) to estimate risk ratios for binary outcomes, while adjusting for con-founders. 
Possible confounders included: age, sex, preoperative AAA diameter, cardiac status, 
pulmonary status, haemoglobin, creatinine and urgency of repair (elective or urgent 
intact). Subsequently, the PAF was determined to measure the impact of the complications. 
The PAF model takes into account the frequency and relative risk of a specific outcome 
whilst correcting for confounders and other complications. All PAF calculations were 
executed with the attributable fraction (AF) package in R software to estimate the adjusted 
attributable fraction in cohort studies20. In this study, the risk-adjusted PAF accounts for 
the proportional reduction in outcome (postoperative death, secondary intervention, 
prolonged hospital stay), if a given complication could be completely eliminated from 
the study population. All statistical calculations were performed with R (R Foundation for 
statistical computing, Vienna, Austria) version 4.0.2.

RESULTS

Study population
In total, 16 335 patients were registered in the DSAA by 60 hospitals in the Netherlands 
between 1 January 2016 and 31 December 2019 (Figure 1).

6
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Figure 1: Flow chart of included patients

DSAA, Dutch Surgical Aneurysm Audit; AAA, abdominal aortic aneurysm; EVAR, endovascular 
aortic aneurysm repair; TAA, thoracic aortic aneurysm

Some 1660 patients (10.2 per cent) underwent primary OSR for an intact infrarenal AAA, of 
which 1657 (99.8 percent) were eligible for inclusion. The majority of patients were male 
(1310 patients, 78.2 per cent) and the mean (s.d.) age was 70.6 (7.51) years. The majority of 
the patients had cardiac co-morbidities (1074 patients, 64.8 per cent). Patient characteristics 
and co-morbidities are specified in Table 1.

Table 1: Baseline characteristics

Variables Overall (n = 1657) Missing
Sex, female 327 (20.9) 0

Age (years) 70.62 (7.51) 0

Cardiac co-morbidity 1074 (64.8) 30 (1.8)

Pulmonary co-morbidity 1231 (74.3) 30 (1.8)

Haemoglobin (mmol/l) 8.59 (1.03) 40 (2.4)

Creatinine (µmol/l) 87 (74.00, 106.00) 57 (3.4)

Aneurysm diameter (mm) 62.61 (13.13) 10 (0.6)

Urgency of repair, urgent intact 225 (13.6) 0

Year of surgery 0

2016 394 (23.8)

2017 403 (24.3)

2018 420 (25.3)

2019 440 (26.6)
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Postoperative clinical outcomes
All postoperative complications and clinical outcomes are shown in Table 2. Pneumonia 
(13.0 per cent), renal insufficiency (6.7 per cent) and myocardial infarction or arrhythmia 
(5.6 per cent) were the most common complications after OSR. There were 72 deaths 
(4.3 per cent) within 30 days or in-hospital, 306 (18.5 percent) patients had a prolonged 
hospital stay and 162 patients (9.8 per cent) underwent secondary intervention. Most 
of the secondary interventions were carried out via an open surgical procedure, that is 
relaparotomy (116 patients, 71.6 per cent). No differences were found between men and 
women in the incidence of specific complications (Table S3).

Table 2: Postoperative complications and clinical outcomes in 1657 patients

Patients (n = 1657) Missing

Postoperative complications

Abdominal sepsis or abscess 14 (0.8) 4 (0.2)

Bowel ischemia (transmural) 47 (2.8) 4 (0.2)

Arterial occlusion 52 (3.1) 2 (0.1)

Wound infection 52 (3.1) 5 (0.3)

Myocardial infarction or arrhythmia 92 (5.6) 6 (0.4)

Congestive heart failure 46 (2.8) 6 (0.4)

Pneumonia 215 (13.0) 2 (0.1)

Pulmonary (embolism, pneumothorax) 39 (2.4) 2 (0.1)

Renal insufficiency 111 (6.7) 2 (0.1)

Requiring haeomodialysis 39 (2.4)

Rebleeding 29 (1.8) 0

Cerebrovascular accident or paraplegia 11 (0.7) 2 (0.1)

Outcomes

Death 72 (4.3) 0

Secondary interventions 162 (9.8) 1 (0.1)

Endovascular 9 (0.5)

Percutaneous 6 (0.4)

Endoscopic 1 (0.1)

Thoracolaparoscopic 2 (0.1)

Open 116 (7.0)

Other 28 (1.7)

Prolonged hospital stay 306 (18.5) 19 (1.1)

6
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The risk-adjusted associations between postoperative complications and outcomes 
(death, secondary interventions, prolonged hospitalization) are shown in Tables 3–5. 
Most patients died with the complication abdominal sepsis or abscess (50 per cent). 
The occurrence of rebleeding most often led to a secondary intervention (90 per cent) 
and abdominal sepsis or abscess (71 per cent) to prolonged hospitalization. Abdominal 
sepsis or abscess, and bowel ischaemia were associated with the greatest relative risk of 
postoperative death (aRR 12.44 (95 per cent c.i. 7.95–19.48) and 8.87 (95 per cent c.i. 5.51 to 
14.25) respectively). Apart from wound complications and pneumonia, all postoperative 
complications were significantly related to death. Arterial occlusion and bowel ischaemia 
were associated with the greatest relative risk of undergoing a secondary intervention (aRR 
11.28 (95 per cent c.i.8.90 to 14.30) and 10.21 (95 per cent c.i. 7.57 to 13.75) respectively). All 
postoperative complications were significantly associated with prolonged hospitalization, 
with the highest association for abdominal sepsis or abscess (aRR 3.84 (95 per cent c.i. 2.58 
to 5.73)) and wound complications (aRR 3.58 (95 per cent c.i. 2.74 to 4.70)).

Table 3: Risk-adjusted associations and population-attributable fraction between postoperative 
deaths and complications after open surgical repair of abdominal aortic aneurysm

Postoperative 
complication

No. died/
survived*

Risk-adjusted association 
***

Risk adjusted PAF ****

aRR ** P PAF ** P

Abdominal 
sepsis or abscess

7/7 (50) 12.44 (7.95, 19.48) <0.001 7.19 (1.05-13.34) 0.022

Bowel ischemia 20/27 (43) 8.87 (5.51, 14.25) <0.001 19.97 (8.40, 31.53) <0.001

Arterial 
occlusion

11/41 (21) 6.92 (3.99, 11.97) <0.001 11.05 (2.85, 19.25) 0.008

Wound infection 2/50 (4) 1.08 (0.27, 4.35) 0.909

Myocardial 
infarction or 
arrhythmia

14/78 (15) 3.44 (1.98, 6.00) <0.001 12.90 (2.15, 23.65) 0.019

Congestive 
heart failure

11/35 (24) 4.21 (2.14, 8.29) <0.001 10.95 (1.80, 20.11) 0.019

Pneumonia 16/199 (7) 1.51 (0.86, 2.64) 0.147

Pulmonary 12/27 (31) 6.94 (3.88, 12.41) <0.001 12.19 (3.65, 20.72) 0.005

Renal 23/88 (21) 5.07 (3.18, 8.07) <0.001 13.86 (0.69, 27.02) 0.039

Rebleeding 6/23 (21) 4.83 (2.07, 11.27) <0.001 3.89 (-2.24, 10.02) 0.214
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Table 3: Continued.

Postoperative 
complication

No. died/
survived*

Risk-adjusted association 
***

Risk adjusted PAF ****

aRR ** P PAF ** P

Cerebrovascular 
accident or 
paraplegia

4/7 (36) 5.64 (2.07, 15.34) <0.001 3.91 (-1.23, 9.05) 0.136

*Values in parentheses are percentage that died; **Values in parentheses are 95 per cent confidence 
intervals. Patients can have multiple complications and thus fall into multiple categories. P values 
were obtained via Multivariable Poisson regression. ***Multivariable Poisson regression. ****Logistic 
regression-based estimate of confounder-adjusted attributable fractions. aRR, adjusted relative risk; 
PAF, population-attributable fraction.
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Population attributable fraction
Risk-adjusted PAFs were estimated for each complication–out-come pair (for example, 
complication–death, complication–secondary intervention) to characterize the effect 
of each complication of the respective outcome measure (see Tables 3–5). In the study 
population, bowel ischaemia and renal complications had the greatest overall impact 
on short-term postoperative death. Prevention of these complications would result 
in a decrease in mortality rate of 19.97 (95 per cent c.i. 8.40 to 31.53) per cent due to 
bowel ischaemia, and 13.86 (95 per cent c.i. 0.69 to 27.02) percent for renal complications. 
Elimination of arterial occlusion and bowel ischaemia would result in a reduction of 
secondary interventions of 21.36 (95 per cent c.i. 14.66 to 28.06) per cent and13.66 (95 
per cent c.i. 7.99 to 19.34) per cent, respectively. Postoperative complications such as 
congestive heart failure and renal complications had the least impact on undergoing a 
secondary intervention, 0.34 and 0.14 per cent respectively. Pneumonia had the highest 
overall impact on prolonged hospital stay at 13.05 (95 per cent c.i. 8.29 to 1781) per cent. 
The other postoperative complications were observed to have less impact on prolonged 
hospital stay.

DISCUSSION

This registry cohort study provided an overview of current morbidity and mortality rates 
following OSR in the Netherlands. The impact of relevant postoperative complications 
on clinical out-comes was assessed by means of the PAF. Bowel ischaemia and renal 
complications had the strongest association with postoperative death. Arterial occlusion 
and bowel ischaemia were shown to have the highest impact on secondary interventions, 
and pneumonia on prolonged hospitalization.

Originally PAF was used to define contributory risk factors and the impact of medical 
interventions on the health status of a population13,14. The strength of PAF is that it merges 
the frequency of the risk factor with the relative risk of a certain outcome relating to 
that risk factor. PAFs have already been shown to be useful in analysis of the impact 
of postoperative complications on clinical outcomes after major vascular surgery21. 
Complications such as bleeding and pneumonia were found to have the largest overall 
impact, and it was suggested they should be prioritized as targets for improvement of the 
quality of surgical vascular care21. This emphasizes the relevance of using the PAF in gaining 
understanding of the current outcomes after OSR, as the PAF identifies opportunities for 
prevention of a disease in patients and the incidence of exposure in the population.

The postoperative mortality rate was 4.3 per cent in this registry for open repair of intact 
AAA and comparable to the 4.4 percent from vascular registries in 11 countries22. Complete 
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elimination of bowel ischaemia would lead to a reduction of 20per cent, and prevention 
of renal insufficiency to a reduction of14 per cent in mortality rate following OSR. The 2.8 
per cent incidence of bowel ischaemia following OSR is in line with the 1.9–3.6 per cent 
reported in previous studies23,24. Although the PAF of bowel ischaemia was lower than that 
of arterial occlusion after secondary interventions, it showed the highest clinical impact 
on two of the three outcomes in the present study. The origin of postoperative bowel 
ischaemia is multifactorial, but patient factors (age, female gender, hypertension) as well 
as longer operating time, and increased blood loss are proven risk factors20,24,25. Surgical 
quality-improvement programmes should prioritize the prevention of these risk factors. 
This can be achieved by initiating AAA repair quality-improvement programmes where 
the continued focus should be on associated risk factors such as blood loss and operating 
time23–26.

Postoperative renal failure is also a well known risk factor for death following open AAA 
repair27,28. Multiple reasons for the development of renal insufficiency following OSR have 
already been explored: several types of medication29, patients with AAA with a history of 
smoking resulting in atherosclerosis which leads to cardiovascular and renal disease30, and 
clamping time during OSR31. Preoperative assessment by a nephrologist can be helpful 
for risk prediction of postoperative renal insufficiency28,31. Further research is necessary 
to analyse whether concentration of care should be considered at least for OSR, because 
proficiency in OSR is declining due to the ever-increasing use of EVAR. Therefore, the 
European Society for Vascular Surgery guidelines recommend 30 elective AAA repairs 
per year per centre31.

Prevention of arterial occlusion would lead to a reduction of 21 per cent of secondary 
interventions within 30 days of OSR. Prophylactic perioperative heparinization is routine 
in open AAA surgery, yet the evidence that this has a beneficial effect is not compelling32 
and is currently being investigated33. Wound infections were also found to have a large 
impact on the need for secondary intervention. Several studies have recorded possible 
risk factors for wound infections after major vascular surgery and suggested strategies 
for preventing this34,35. Perioperative recommendations to prevent this were use of 
chlorhexidine, antibiotic prophylaxis, maintenance of normothermia and glucose control35.

Finally, pneumonia had the greatest effect on prolonged hospitalization with a PAF rate 
of 13 per cent. Open repair of AAA increases the risk of postoperative complications, and 
has also been proven to be an important cause of prolonged hospitalization36. Enhanced 
recovery after surgery may contribute to pre-venting pulmonary complications, as 
improvements following OSR have been previously observed in duration of hospital stay, 
intake and ambulation36.

6
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A recent international Delphi study among vascular surgeons analysed the nature and 
severity of complications following surgery for AAA, carotid artery disease and peripheral 
artery disease37. For patients undergoing open AAA repair, bowel ischaemia and acute 
myocardial infarction were the two major complications on which consensus was reached. 
This finding is in concordance with the present study, as these complications (bowel 
ischaemia, 20 per cent, and myocardial infarction or arrhythmia, 13 per cent) had a great 
impact on mortality rate.

There are some limitations that apply to this study. First, the DSAA is a national registry, 
and the possibility of under-reporting of complications exists (registration bias). However, 
the DSAA registry is mandatory for all national medical centres, and each mandatory 
variable should be registered before completing a patient’s record. Variables to prevent 
complications, such as antiplatelet medication and postoperative physiotherapy, 
unfortunately could not be assessed in this study, as the DSAA registry contains no 
information on these. Second, it was not absolutely evident if a particular complication (for 
example, arterial occlusion) resulted in a particular outcome (prolonged hospitalization). 
Third, long-term outcomes (greater than 30 days) were not examined and thus could 
have underestimated the number of postoperative complications that occur later, such 
as wound infections.

The strengths of this cohort study are its prospectively registered population-based 
nationwide set-up, the use of the PAF model while correcting for confounders, large 
sample size and a complete and validated database.
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SUPPLEMENTAL MATERIALS

Table S1: Overview of the registered comorbidities in 2014 up to 2018 and in 2019

Pulmonary comorbidity Variables

2014-2018 Dyspnea during exercise, invalidating dyspnea, dyspnea at rest, 
consolidation, fibrosis

2019 Chronic pulmonary diseases, COPD, CARA, emphysema, 
chronic bronchitis, fibrosis

Cardiac comorbidity Variables

2014-2018 Medication for hypertension, angina pectoris, diuretics, 
or digoxin, peripheral edema, coumarins, borderline 
cardiomyopathy, elevated central venous pressure, 
cardiomegaly

2019 Hypertension, angina pectoris, myocardial infarction, PTCA, 
CABG, valvular heart disease, heart valve replacement, atrial 
fibrillation, heart rhythm disorders, heart failure, congestive 
heart failure, cardiomyopathy

Table S2: Definitions of complications registered in the DSAA registry

Abdominal Abdominal abscess, abdominal sepsis, ileus, spleen injury, 
bowel ischemia, bowel injury, stoma placement, other 
abdominal complications

Arterial occlusion (major) amputation, renal artery arterial occlusion, other 
arterial occlusion (including trash foot)

Prosthesis-/
reconstruction related

Prosthesis infection, Prosthesis migration, other prosthesis-/
reconstruction related complications

Wound Deep wound infection, fascia dehiscence, other wound 
complications

Cardiac Myocardial infarction, cardiac decompensation (failure), 
cardiac rhythm disturbances, other cardiac complications

Pulmonary Pneumonia, pulmonary embolism, pneumothorax, other 
pulmonary complications

Neurological Cerebrovascular accident, paraplegia, delirium, other 
neurological complications

Renal Renal insufficiency (without hemodialysis or requiring 
hemodialysis)

Rebleeding Rebleeding
Infection Infections other than pulmonary and surgical
Other Other postoperative complications
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Table S3: Postoperative complications divided by gender

Complications Male (%) Female (%) P Value

Abdominal sepsis or abscess 10 (0.8) 4 (1.2) 0.764

Bowel ischemia (transmural) 34 (2.6) 13 (3.7) 0.506

Arterial occlusion 39 (3.0) 13 (3.7) 0.457

Wound infection 45 (3.4) 7 (2.0) 0.403

Myocardial infarction or arrhythmia 68 (5.2) 24 (6.9) 0.446

Congestive heart failure 32 (2.4) 14 (4.0) 0.268

Pneumonia 166 (12.7) 49 (14.1) 0.598

Pulmonary (embolism, pneumothorax) 26 (2.0) 13 (3.7) 0.121

Renal insufficiency 85 (6.5) 26 (7.5) 0.478

Rebleeding 19 (1.5) 10 (2.9) 0.115

Cerebrovascular accident or paraplegia 11 (0·8) 0 0.139
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ABSTRACT

Objective
We evaluate nationwide perioperative outcomes of complex EVAR and assess the volume-
outcome association of complex EVAR.

Summary Background Data
Endovascular treatment with fenestrated (FEVAR) or branched (BEVAR) endografts is 
progressively used for excluding complex aortic aneurysms (complex AAs). It is unclear if 
a volume-outcome association exists in endovascular treatment of complex AAs (complex 
EVAR).

Methods
All patients prospectively registered in the Dutch Surgical Aneurysm Audit who underwent 
complex EVAR (FEVAR or BEVAR) between January 2016 and January 2020 were included. 
The effect of annual hospital volume on perioperative mortality was examined using 
multivariable logistic regression analyses. Patients were stratified into quartiles based on 
annual hospital volume to determine hospital volume categories.

Results
We included 694 patients (539 FEVAR patients, 155 BEVAR patients). Perioperative mortality 
following FEVAR was 4.5% and 5.2% following BEVAR. Postoperative complication rates 
were 30.1% and 48.7%, respectively. The first quartile hospitals performed <9 procedures/
yr; second, third, and fourth quartile hospitals performed 9-12, 13-22, and ≥23 procedures/
yr. The highest volume hospitals treated the significantly more complex patients. 
Perioperative mortality of complex EVAR was 9.1% in hospitals with a volume of <9, and 
2.5% in hospitals with a volume of ≥13 (P=0.008). After adjustment for confounders, an 
annual volume of ≥13 was associated with less perioperative mortality compared to 
hospitals with a volume of <9.

Conclusions
Data from this nationwide mandatory quality registry shows a significant effect of hospital 
volume on perioperative mortality following complex EVAR, with high volume complex 
EVAR centers demonstrating lower mortality rates.
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INTRODUCTION

Since the inception of endovascular treatment of abdominal aortic aneurysms (AAAs), 
endovascular management of complex aortic aneurysms has been of interest, as open 
surgical procedures are associated with significant mortality and morbidity1,2. Complex 
aortic aneurysms are defined as those including the renal or visceral segment of the 
aorta3. Traditionally, complex aortic aneurysms were treated with open surgical repair 
(OSR), including suprarenal or supravisceral clamping, since the first generation endografts 
were unsuitable to treat these aneurysms3. Due to reduced mortality and morbidity3,4, 
treatment with fenestrated (FEVAR) or branched (BEVAR) endovascular aneurysm repair is 
progressively used for excluding complex aortic aneurysms5,6. Nowadays, many patients 
with complex aortic aneurysms, including those who are unfit for OSR, are successfully 
treated with FEVAR or BEVAR (complex EVAR)7. Vascular registry data are essential to 
assess outcomes of new procedures8. This is especially relevant for complex EVAR, since 
randomized controlled trials have not been performed on this matter. Literature on data 
of FEVAR/BEVAR exists, albeit predominantly from centres of excellence2,9. Nationwide 
outcomes of FEVAR or BEVAR reflecting daily clinical practice have not been reported yet.

FEVAR and BEVAR are considered technically complex procedures, performed in a fragile 
patient category. The potential influence of hospital volume on perioperative outcomes 
of these interventions is, therefore, a subject of interest4,10, especially since an increase in 
hospital volume has been shown to improve outcomes in other aortic interventions11–13. In 
contrast to AAA repair, both the most recent European Society for Vascular Surgeon (ESVS) 
guidelines and Society for Vascular Surgery (SVS) guidelines do not advise a minimum 
caseload per year for complex EVAR14–17. Research has established that a volume-outcome 
relationship exists in open juxtarenal AAA repair18 and in thoracoabdominal aortic 
aneurysm repair19,20, but it is unclear if a volume-outcome relationship exists in FEVAR4,10 
or BEVAR patients.

This study evaluated the nationwide perioperative outcomes of patients who underwent 
complex EVAR (FEVAR or BEVAR) using data from a mandatory nationwide quality registry. 
Furthermore, we assessed the association of hospital volume with perioperative mortality 
of complex EVAR.

METHODS

Study design and data source
The dataset was retrieved from the Dutch Surgical Aneurysm Audit (DSAA), which is a 
mandatory and prospective quality registry of aneurysm surgery performed by vascular 
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surgeons. Since 2013, the DSAA prospectively registers all primary abdominal aortic 
interventions in the Netherlands. Since 2016, endovascular complex aortic aneurysm repair 
(complex EVAR), including FEVAR and BEVAR, secondary aortic surgery, and/or thoracic 
or thoracoabdominal aortic aneurysm repair are registered as well. Data verification 
was conducted through a random sample of hospitals, indicating high reliability of the 
data21,22. Case-ascertainment was 98.4% in a subgroup of 14 hospitals investigated, and 
completeness of data was verified including mortality and complications21,22. The steering 
committee of the DSAA approved the study protocol. Ethical approval or informed consent 
was not required for this study according to Dutch law as the data were anonymised. The 
data in our study was retrospectively analysed and reported according to the STROBE 
Statement23.

Study population
All patients that underwent endovascular repair (FEVAR and BEVAR) for an intact complex 
aortic aneurysm and who were registered in the DSAA between January 1st 2016 and 
December 31st 2019 were included in this study. Patients that underwent endovascular 
aortic arch repair were not included in this study. Patients were excluded when data was 
missing in variables date of birth, date of surgery, sex, and survival status at the time of 
discharge or 30-days postoperatively. For analyses regarding the total hospital volume of 
EVAR, all endovascular aortic interventions that were performed in those hospitals that 
performed complex EVAR between January 1st 2016 and December 31st 2019 were included 
as well.

Definitions
A patient receiving surgery in two planned stages was included twice in the DSAA and was 
allocated to the group (FEVAR or BEVAR) of the first intervention. For patient characteristics, 
length of hospital stay and length of stay at the ICU, the details of the first intervention 
were reported, for other perioperative outcomes, the outcomes of both stages were 
reported as one outcome. Variables ‘Cardiac comorbidity’ and ‘Pulmonary comorbidity’ 
were based on the V-POSSUM24 from 2016 – 2018, and were based on ICD-10 codes in 2019 
(Table S1). The details in these variables were stratified per patient into the categories 
‘absent’ or ‘present’.

Hospital volume
Hospital volume of complex EVAR (FEVAR and BEVAR) was calculated per year and over 
the 4-year study period, and was reported as the number of patients that underwent an 
intervention. Hospital volume of total endovascular aortic interventions (per year and 
over the 4-year study period) was defined as the number of patients that underwent 
FEVAR and BEVAR, and the total number of all endovascular aortic interventions (which 
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included all endovascular repairs for ruptured aortic aneurysms, and conventional EVARs 
and TEVARs). Patients were stratified into quartiles based on the (annual) volume of the 
hospital in which they underwent complex EVAR to determine the cut-off points for the 
categories of hospital volumes.

Outcomes
The primary outcome of this study was perioperative mortality. Perioperative mortality 
was defined as 30-day mortality and in-hospital mortality and included mortality 
following both stages of complex EVAR when applicable. Secondary outcomes were other 
perioperative outcomes that occurred within 30 days after complex EVAR (postoperative 
complications, intraoperative complications, length of stay at ICU, length of hospital stay, 
reinterventions, readmissions, major complication, and failure to rescue), the association 
between hospital volume and perioperative mortality, and other factors associated with 
perioperative mortality. Major complications were defined as either intraoperative or 
perioperative complications that caused a prolonged stay (threshold: FEVAR: >7 days, 
BEVAR: >9 days), reintervention, or death25. Failure to rescue was defined as the number 
of patients that died perioperatively divided by the number of patients with a major 
complication25. The annual and overall hospital volume of complex EVAR, all endovascular 
aortic interventions, FEVAR, and BEVAR, were examined to assess the association between 
hospital volume and perioperative mortality.

Statistical methods
Patients and aneurysm characteristics and outcomes of both FEVAR and BEVAR were 
analysed using descriptive statistics. Patients and aneurysm characteristics and outcomes 
were stratified according to the quartiles of the annual hospital volume of complex EVAR. 
Differences in categorical variables were tested with Chi-square tests or Fisher’s exact tests. 
The distribution of continuous variables was examined with histograms and Q-Q plots. 
T-tests were used for normally distributed variables and Mann-Whitney U-tests otherwise. 
A P-value of ≤0.050 was considered statistically significant.

Univariable and multivariable logistic regression analyses were performed to examine 
the association between annual hospital volume (based on quartiles) of complex EVAR 
and perioperative mortality and to identify factors associated with mortality. Covariates 
used for this analysis were age, sex, pulmonary and cardiac comorbidity, creatinine, 
haemoglobin, referral, aneurysm diameter, location of the aneurysm, type of surgery, 
urgency, procedure, number of targeted vessels, and annual hospital volume. The lowest 
quartile of hospital volume was used as the reference category. Variables with a P-value 
≤0.010 in univariable analysis and variables that were considered clinically relevant were 
included in the multivariable analysis, and outcomes were reported in (adjusted) odds 
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ratios with 95%-CI confidence intervals. Moreover, a multivariable logistic regression model 
with a restricted cubic spline using 4 knots that account for a non-linear relationship was 
created to visualize the association between annual hospital volume of complex EVAR and 
mortality26. The associations between hospital volume (continuous and based on quartiles) 
of all endovascular aortic interventions, hospital volume of FEVAR, hospital volume of 
BEVAR, and perioperative mortality were examined with univariable analyses.

All analyses were carried out using R, version 4.0.2.

RESULTS

In total, 15817 patients that underwent 16335 interventions in 61 Dutch hospitals were 
registered in the DSAA between January 1st 2016 and December 31st 2019. In these 
patients, 706 complex EVAR repairs were registered. After excluding one patient with an 
unknown survival status, 705 complex EVAR repairs from 28 hospitals were included in 
this study. In 11 patients, two interventions were registered (median time between these 
two interventions was 70 days, IQR 33.5 – 118 days), and thus 694 patients were included 
for further analysis. Of these patients, 539 underwent FEVAR, and 155 underwent BEVAR. 
For analyses regarding the overall hospital volume of endovascular aortic interventions, 
6438 other endovascular aortic interventions were included (Figure 1).
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Figure 1: Flow chart of included patients

Patient and aneurysm characteristics
An overview of the patient characteristics of all patients as well as stratified for FEVAR and 
BEVAR is shown in Table 1. The mean age of the FEVAR patients was 73.8 years, and the 
mean age of BEVAR patients was 72.3 years. In FEVAR patients, 12.8% were female, and 
in BEVAR patients, 38.1% were female. Most patients had cardiac comorbidity (FEVAR: 
75.9%, BEVAR; 79.9%). The majority of the patients were referred by another hospital 
(FEVAR: 50.3%, BEVAR: 67.7%). In the FEVAR group, most patients (70.6%) were treated for 
a juxtarenal or infrarenal aneurysm, and in the BEVAR group, most patients were treated 
for a thoracoabdominal aneurysm (84.5%). Of all patients, 75.9% underwent a primary 
repair, mainly due to atherosclerosis (87.3%).
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Table 1: Patient characteristics, aneurysm morphology and operative data of patients following 
complex EVAR (FEVAR and BEVAR)

Complex 
EVAR*

FEVAR BEVAR

Number of patients 694 539 155

Number of interventions 705 545 160

Number of hospitals 28

Age, years 73.5 ± 6.6 73.8 ± 6.7 72.3 ± 6.2

Sex: female 128 (18.4) 69 (12.8) 59 (38.1)

Preoperative pulmonary comorbidity

Absent 453 (66.3) 362 (68.2) 91 (59.9)

Present 230 (33.7) 169 (31.8) 61 (40.1)

Unknown / missing 11 8 3

Preoperative cardiac comorbidity

Absent 160 (23.2) 129 (24.1) 31 (20.1)

Present 530 (76.8) 407 (75.9) 123 (79.9)

Unknown / missing 4 3 1

Preoperative creatinine, μmol/L 95 [79 – 114] 96 [82 – 114] 88 [72 – 115]

Unknown / missing 26 23 3

Preoperative hemoglobin, mmol/L 8.5 ± 1.0 8.6 ± 1.0 8.3 ± 1.0

Unknown / missing 21 20 1

Aneurysm diameter, mm 63.7 ± 9.4 62.8 ± 9.2 66.8 ± 9.5

Unknown / missing 6 5 1

Location of the aneurysm

Abdominal: juxtarenal or infrarenal 396 (57.2) 379 (70.6) 17 (11.0)

Abdominal: suprarenal 65 (9.4) 58 (10.8) 7 (4.5)

Thoracoabdominal 231 (33.4) 100 (18.6) 131 (84.5)

Abdominal: unspecified / aorto-iliac 2 2 0

Type of surgery

Primary 527 (75.9) 409 (75.9) 118 (76.1)

Secondary aortic intervention 167 (24.1) 130 (24.1) 37 (23.9)

Pathogenesis: primary repair

Atherosclerosis 460 (87.3) 358 (87.5) 102 (86.4)

Inflammatory 4 (0.8) 4 (1.0) 0 (0.0)

Infectious 4 (0.8) 2 (0.5) 2 (1.7)

Dissection 12 (2.3) 7 (1.7) 5 (4.2)
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Table 1: Continued.

Complex 
EVAR*

FEVAR BEVAR

Connective tissue disease 2 (0.4) 2 (0.5) 0 (0.0)

Unknown 45 (8.5) 36 (8.8) 9 (7.6)

Pathogenesis: secondary aortic intervention

Infected prosthesis 2 (1.2) 1 (0.8) 1 (2.7)

Endoleak 88 (52.7) 77 (59.2) 11 (29.7)

False aneurysm 7 (4.2) 7 (5.4) 0 (0.0)

New aneurysm** 18 (10.8) 12 (9.2) 6 (16.2)

Progression of aneurysmatic disease 52 (31.1) 33 (25.4) 19 (51.4)

Urgency

Elective 682 (98.3) 536 (99.4) 146 (94.1)

Urgent intact 12 (1.7) 3 (0.6) 9 (5.9)

Number of targeted vessels

1-2 136 (19.6) 126 (23.4) 10 (6.5)

3 252 (36.4) 218 (40.5) 34 (21.9)

≥ 4 305 (44.0) 194 (36.1) 111 (71.6)

Unknown / missing 1 1 0

Values are presented as n (%), mean (SD), or median [interquartile range]. * Complex EVAR: FEVAR 
and BEVAR. ** Aneurysm on different anatomical location than for which the primary procedure 
was done.

Perioperative outcomes
Table 2 shows that the perioperative mortality was 4.5% following FEVAR and 5.2% 
following BEVAR. Postoperative complication rates were 30.1% following FEVAR and 
45.2% following BEVAR. Of all FEVAR patients, 5.9% had a neurological complication (2.4% 
paraplegia, 0.7% stroke), while 14.8% had a neurological complication following BEVAR 
(5.2% paraplegia, 1.9% stroke). Intraoperative complications occurred in 11.9% following 
FEVAR and in 17.4% following BEVAR. The median length of hospital stay was 4 days 
following FEVAR and 6 days following BEVAR. The reintervention rate was 8.9% following 
FEVAR and 21.3% following BEVAR.
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Table 2: Perioperative outcomes of patients following complex EVAR (FEVAR and BEVAR)

Complex 
EVAR*

FEVAR BEVAR

Number of patients 694 539 155

Perioperative mortality 32 (4.6) 24 (4.5) 8 (5.2)

Postoperative complication 232 (33.4) 162 (30.1) 70 (45.2)

Abdominal complication 30 (4.3) 25 (4.6) 5 (3.2)

Pulmonary complicaton 59 (8.5) 44 (8.2) 15 (9.7)

Cardiac complication 30 (4.3) 22 (4.1) 8 (5.2)

Neurological complication 55 (7.9) 32 (5.9) 23 (14.8)

Paraplegia 21 (3.0) 13 (2.4) 8 (5.2)

Stroke 7 (1.0) 4 (0.7) 3 (1.9)

Prosthesis-/ reconstruction related 17 (2.4) 11 (2.0) 6 (3.9)

Rebleeding 21 (3.0) 13 (2.4) 8 (5.2)

Renal 36 (5.2) 30 (5.6) 6 (3.9)

Wound 14 (2.0) 9 (1.7) 5 (3.2)

Arterial occlusion 26 (3.7) 16 (3.0) 10 (6.5)

Infection 22 (3.2) 10 (1.9) 12 (7.7)

Other 56 (8.1) 39 (7.2) 17 (11.0)

Intraoperative complication 91 (13.1) 64 (11.9) 27 (17.4)

Cardiopulmonary resuscitation / MI 1 (0.1) 0 (0.0) 1 (0.6)

Occlusion of side branch 15 (2.2) 12 (2.2) 3 (1.9)

Type 1 endoleak 17 (2.5) 13 (2.4) 4 (2.6)

Type 3 endoleak 7 (1.0) 4 (0.7) 3 (1.9)

Other 49 (7.1) 35 (6.5) 16 (10.3)

Intra-operative mortality 1 (0.1) 1 (0.2) 0 (0.0)

Missing 1 1 0

Length of stay at ICU 1 [0 - 2] 1 [0 - 1] 2 [1 - 3]

Missing 2 2 0

Length of hospital stay 5 [3 - 7] 4 [3 - 7] 6 [4 - 10]

Missing 9 7 2

Reinterventions 81 (11.7) 48 (8.9) 33 (21.3)

Endovascular 21 (3.0) 12 (2.2) 9 (5.8)

Percutaneous 6 (0.9) 3 (0.6) 3 (1.9)

Endoscopic 1 (0.1) 1 (0.2) 0 (0.0)

Thoraco-laparoscopic 28 (4.0) 16 (3.0) 12 (7.7)
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Table 2:  Continued.

Complex 
EVAR*

FEVAR BEVAR

Open 69 (9.9) 16 (3.0) 9 (5.8)

Readmission 69 (9.9) 52 (9.6) 17 (11.0)

Major complication 159 (22.9) 112 (20.8) 47 (30.3)

Failure to rescue 32/159 (20.1) 24/112 (21.4) 8/47 (17.0)

Values are presented as n (%), or median [interquartile range]. The specific complications included 
in the categories of postoperative complications are shown in Table S2.*Complex EVAR: FEVAR and 
BEVAR

Hospital volumes
Figure 2 shows the number of patients that underwent FEVAR and BEVAR per hospital. 
The median annual hospital volume of complex EVAR was 13 patients [IQR 9-23], and 
the median hospital volume during the 4-year study period was 55 patients [IQR 35-
76]. Figure S1 shows the number of endovascular aortic interventions in hospitals that 
performed FEVAR and BEVAR. The median overall hospital volume of all endovascular 
aortic interventions was 304 interventions (IQR 207-357), and the median annual hospital 
volume was 72 interventions (IQR 52-90). Details regarding volume of FEVAR and BEVAR 
per hospital are shown in Table S3.
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Figure 2: (A) Overall number of patients per hospital that underwent complex EVAR (FEVAR 
and BEVAR), including quartiles of overall hospital volume (I: < 35, II: 35-54, III: 55-75, IV: ≥ 76). 
(B) Annual number of patients per hospital that underwent complex EVAR (FEVAR and BEVAR), 
including quartiles of annual hospital volume (I: < 9, II: 9-12, III: 13-22, IV: 23))

Patient and aneurysm characteristics and perioperative outcomes, stratified 
per quartile of annual hospital volume of complex EVAR
Patient and aneurysm characteristics and perioperative outcomes, stratified per quartile 
of annual hospital volume of complex EVAR, are shown in Table S4. In 2019, 13/23 
hospitals treated less than 9 patients. In hospitals with an annual volume of <9, 9.5% of 
the patients were female, while in hospitals with an annual volume of ≥23, 24.9% were 
female. The percentage of cardiac comorbidity was higher in hospitals with a higher annual 
volume. In hospitals with an annual volume of ≥23, 66.2% of the patients were referred 
by another hospital. Hospitals with a higher annual volume performed more BEVAR and 
more secondary aortic interventions than lower-volume hospitals. Perioperative mortality 
rates were 9.1% in hospitals with an annual volume <9, 5.4% in hospitals with an annual 
volume of 9-12, and 2.5% in hospitals with an annual volume of 13-22 and ≥23 (p = 0.008) 
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(shown in Figure S2). The percentage of postoperative complication rates did not differ 
between the hospital volume categories (35.2%, 31.0%, 33.7%, and 33.3% in hospitals with 
an annual volume of <9, 9-12, 13-12, and ≥23). Also, the percentage of major complications 
and failure to rescue did not differ statistically significantly between the hospital volume 
categories (Table S4).

Association of annual hospital volume of complex EVAR with mortality
Factors associated with mortality following univariable and multivariable analysis are 
shown in Table 3. An annual volume of complex EVAR of 13-22 and ≥23 was significantly 
associated with less mortality compared to an annual volume of <9 after adjustment for 
confounders (13-22: aOR 0.11, 95%-CI 0.02-0.37, ≥23: aOR 0.14, 95%-CI 0.04-0.42, ref: <9). 
Other factors associated with mortality were female sex (aOR 3.37, 95%-CI 1.77-6.43) and 
aneurysm diameter (aOR 1.05, 95%-CI 1.00-1.09). Figure 3 shows the restricted cubic spline, 
which visualizes the non-linear association between annual hospital volume and mortality 
of complex EVAR after adjustment for confounders.
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Figure 3: Association between annual hospital volume and perioperative mortality for complex 
EVAR (FEVAR and BEVAR): restricted cubic spline (4 knots), including adjustment for confounders

Association of (annual and overall) hospital volume of FEVAR, BEVAR, and all 
endovascular aortic interventions with mortality
Table S5 shows that an overall volume of complex EVAR of 35-54, 55-75, and ≥76 in 4 
years was associated with less mortality compared to an overall volume of <35. In FEVAR 
patients, a higher overall volume, as well as a higher annual volume, were associated 
with less mortality in FEVAR patients. In BEVAR patients, no associations between hospital 
volume and mortality were found, likely due to a low number of BEVAR patients. An 
overall volume of 207-303 total endovascular aortic interventions was associated with 
less perioperative mortality of complex EVAR compared to an overall volume of <207, while 
higher overall volumes (304-346, ≥347) were not associated with less mortality compared 
to an overall volume of 207-303. Moreover, a higher annual volume of total endovascular 
aortic interventions was not associated with less mortality of complex EVAR.

DISCUSSION

This population-based study that includes data from a nationwide mandatory quality 
registry describes the association between hospital volume and mortality in patients 
that underwent complex EVAR (FEVAR and BEVAR). In the entire cohort, the perioperative 
mortality rate was 4.6%. In the Dutch setting, perioperative mortality rates of complex 
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EVAR were 2.5% in hospitals with an annual volume of complex EVAR of 13 or more, while 
perioperative mortality rates were 9.1% in hospitals with an annual volume of less than 9. 
After adjustment for confounders, an annual hospital volume of complex EVAR of 13-22 
and ≥23 was significantly associated with lower perioperative mortality compared to an 
annual hospital volume of <9.

The perioperative mortality as reported in our study appears to be consistent with the 
literature. However, no results of complex EVAR from a mandatory nationwide quality 
registry have been published previously, which makes it challenging to make a valid 
comparison with other studies as smaller cohort studies are more prone to selection 
bias and heterogeneity in reporting. Furthermore, these former studies mainly describe 
outcomes from centers of excellence. A meta-analysis reporting on endovascular TAAA 
repair (branched or fenestrated endografts) described hospital mortality or 30-day 
mortality of 7.4%27, and a meta-analysis describing FEVAR of juxtarenal aneurysms reported 
a pooled early postoperative mortality of 3.3%28. Recent published large observational 
cohort studies, not included in the meta-analyses, reported perioperative mortality rates of 
1.8-3.9% following FEVAR9,24,29 and 2.7% following a physician modified endograft29, while 
mortality rates of F/BEVAR for thoracoabdominal aortic aneurysms as reported by German 
administrative data were 9.2%19. Although our study also includes less favourable results 
of low-volume hospitals, the 4.6% overall mortality rate is in line with previous literature 
but could potentially improve further with centralisation of care.

Previous studies reporting the association between hospital volume and mortality in 
complex EVAR (FEVAR and BEVAR) did not show any hospital volume-outcome relationship. 
One observational study that compared low-volume (<4 FEVAR/year) and high-volume 
(4-6 FEVAR/year) hospitals did not demonstrate a hospital volume-outcome relationship 
of FEVAR4, and a recent systematic review found no evidence of whether hospital volume 
affects mortality in FEVAR patients10. Our study describes the results of complex EVAR 
from a mandatory nationwide registry and examines the association between hospital 
volume and perioperative mortality of complex EVAR. This nationwide study design is 
important in revealing the association between hospital volume and mortality as no 
minimum number of complex EVAR was required in the Netherlands during the study 
period, and consequently, many low-volume hospitals were included. Furthermore, the 
substantial risk of complex EVAR on perioperative mortality might also have played a 
role in revealing a volume-outcome relationship30. Other studies reporting on thoracic 
aortic aneurysms (TAAs) and thoracoabdominal aortic aneurysms (TAAAs) did describe the 
influence of hospital volume on perioperative outcomes. A high annual hospital volume 
(≥13) of thoracic aortic aneurysms (TAAs), treated with FEVAR/BEVAR, open surgical repair, 
or hybrid, was significantly associated with less mortality19. Moreover, lower morbidity and 
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mortality was shown in high volume hospitals (annual volume >22) performing complex 
EVAR including TEVAR for thoracoabdominal aortic aneurysms 20. Also, a low annual 
hospital volume (<9) of open juxtarenal repair was associated with higher perioperative 
mortality18.

Several studies have shown associations between the number of aortic interventions 
and outcomes31–33. Since infrarenal endovascular aneurysm repair has been centralized 
in the United Kingdom, mortality rates following these interventions have dropped from 
1.5% to 0.9% following EVAR and from 5.4% to 4.0% following OSR11. Defining the optimal 
threshold or cut-off is difficult and might differ between countries34–36. Therefore, it is vital 
to investigate the volume-outcome associations of complex EVAR in specific healthcare 
systems. Other countries (USA, UK, Germany) do not have any specific requirements for 
a minimum hospital volume of complex EVAR37,38. The reason for this is that there is no 
scientific data on this subject, as our paper is the first describing a volume-outcome 
relationship for complex endovascular aortic procedures. The data derived from this study 
seems to indicate that one should not perform fewer than nine complex procedures per 
hospital annually in the Netherlands and that an annual volume of at least 13 complex 
EVAR procedures appears to result in better outcomes. Furthermore, in our spline diagram 
the reduction of mortality is even observed until 20 cases per year. Therefore, as in many 
surgical procedures and outcomes: annual caseload does matter. Above this volume, there 
is very little incremental benefit in perioperative mortality by increasing center volume. 
In addition, a minimum number of total endovascular aortic interventions does not seem 
to be essential for low mortality rates of complex EVAR. Complex EVAR procedures are 
technically complex procedures, and it could be hypothesized that specific expertise from 
the vascular surgeon and team in treating complex EVAR is more important than a high 
institutional knowledge created by a high volume of standard EVAR. Finally, although 
failure to rescue appeared higher in low-volume hospitals (38.5%), the difference in failure 
to rescue between the volume categories was not statistically significant. This could be 
a result of treating more complex aneurysmal disease as well as patients with more 
comorbidities in higher volume hospitals masking the true effect of failure to rescue on 
hospital mortality. It is described that in intact AAA-repairs, an increase in hospital volume 
is significantly associated with less failure to rescue, which could be caused due to prompt 
recognition and management of complications in large volume hospitals33.

Spinal cord ischemia as well as cerebral embolism are the most feared complications 
following management of thoracic aortic aneurysms15 and complex aortic aneurysms39. 
Previous studies have reported paraplegia rates of 4.1% and 5.2% following FEVAR and 
BEVAR27,40, which is in accordance with our present results. Also, the stroke rates following 
FEVAR and BEVAR reported by this study were consistent with the literature41,42. The 
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reintervention rate is frequently reported when endovascular repair is compared with open 
surgical repair. Interestingly, this study reported a considerable number of reinterventions 
within 30 days following BEVAR (21.3%). Although the DSAA included some details 
regarding the nature of the reinterventions, the exact cause of the reinterventions remains 
unclear. Future improvement seems possible, given the high rate of reinterventions. 
Multivariable analysis showed that female sex was associated with higher perioperative 
mortality following complex EVAR, which was not consistent with current literature 
that describes that females have similar mortality rates as males following fenestrated-
branched EVAR for treatment of TAAA43. Although we found that high-volume hospitals 
treated more female patients than low-volume hospitals, mortality rates were lower in 
high-volume hospitals. The number of targeted vessels was not associated with mortality, 
which was in agreement with previous studies44,45, but contrary to another study that 
suggests that incorporating additional visceral vessels is significantly associated with 
increased mortality46. Our study showed that low-volume hospitals treated aneurysms with 
less targeted vessels than high-volume hospitals, suggesting that low-volume hospitals 
treat less extensive aneurysms. Furthermore, as previously reported47, our study did not 
find an association between preoperative creatinine and perioperative mortality. Future 
studies are needed to verify factors associated with perioperative mortality.

The strength of this study is the unique nationwide study design using data from a 
mandatory quality registry. One limitation is that our data is retrieved from a nationwide 
quality registry, which is not primarily designed for scientific purposes and registers a 
limited number of variables. Consequently, the description of clinical and aneurysm 
characteristics is limited, and therefore, we could not report this study according to 
the reporting standards of endovascular aortic repair of aneurysm involving the renal-
mesenteric arteries48. Secondly, the definitions of variables ‘location of the aneurysm’, 
‘FEVAR’, and ‘BEVAR’ in the DSAA might have been interpreted differently by treating 
physicians, which could have induced selection bias. The reported location of the aneurysm 
might have been influenced by interobserver variability as some clinicians could have 
reported the location of the aneurysm by the anatomic extent of the aortic disease, while 
others might have reported it by the extent of the repair. Moreover, patients who received 
an endograft with a combination of fenestrations and branches are registered in either the 
FEVAR or BEVAR category, based on local clinical opinion, although this probably includes 
very few patients. Therefore, we choose to report the volume-outcome association of 
the entire cohort of FEVAR and BEVAR patients. Thirdly, we could only report on hospital 
volume and not on surgeon volume, as surgeon volume is not registered in the DSAA. For 
open AAA surgery, a lower surgeon annual volume was associated with higher 30-day 
mortality11.

7
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In conclusion, this nationwide population-based study with data from 539 FEVAR and 
155 BEVAR patients provides an unique overview of perioperative outcomes following 
FEVAR and BEVAR, including a significant effect of hospital volume of complex EVAR on 
perioperative mortality with high volume complex EVAR centers showing lower mortality. 
An annual caseload of at least 9 complex EVAR procedures seems to be the minimum 
requirement to significantly reduce mortality in this group of patients, while an annual 
volume of at least 13 appears to result in better outcomes. At 20 cases, the optimum annual 
caseload and mortality is achieved, suggesting this should be our national threshold.
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SUPPLEMENTAL MATERIAL

 Figure S1: Number of FEVAR, BEVAR, and other endovascular aortic interventions per hospital 
(2016-2019)

Figure S2: Perioperative mortality, stratified per quartile of annual hospital volume of complex 
EVAR (FEVAR and BEVAR)
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Table S1

Pulmonary comorbidity Variables

2014-2018 Dyspnea during exercise, invalidating dyspnea, dyspnea at 
rest, consolidation, fibrosis

2019 Chronic pulmonary diseases, COPD, CARA, emphysema, 
chronic bronchitis, fibrosis

Cardiac comorbidity Variables

2014-2018 Medication for hypertension, angina pectoris, diuretics, 
or digoxin, peripheral edema, coumarins, borderline 
cardiomyopathy, elevated central venous pressure, 
cardiomegaly

2019 Hypertension, angina pectoris, myocardial infarction, PTCA, 
CABG, valvular heart disease, heart valve replacement, atrial 
fibrillation, heart rhythm disorders, heart failure, congestive 
heart failure, cardiomyopathy

Table S2

Categories of 
postoperative 
complications

Specific complications

Abdominal Abdominal abscess, abdominal sepsis, ileus, spleen injury, 
bowel ischemia, bowel injury, stoma placement, other 
abdominal complications

Pulmonary Pneumonia, pulmonary embolism, pneumothorax, other 
pulmonary complications

Cardiac Myocardial infarction, cardiac decompensation (failure), 
cardiac rhythm disturbances, other cardiac complications

Neurological Stroke, paraplegia, delirium, other neurological 
complications

Prosthesis-/ 
reconstruction related

Prosthesis infection, Prosthesis migration, other prosthesis-/
reconstruction related complications

Rebleeding Rebleeding
Renal Renal insufficiency (without hemodialysis or requiring 

hemodialysis)
Wound Deep wound infection, fascia dehiscence, other wound 

complications
Arterial occlusion (major) amputation, renal artery arterial occlusion, other 

arterial occlusion (including trash foot)
Infection Infections other than pulmonary and surgical
Other Other postoperative complications
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Table S3: Hospital volumes of complex EVAR, FEVAR, BEVAR, and total endovascular aortic 
interventions in complex EVAR hospitals

Complex EVAR 
(FEVAR + 
BEVAR)

FEVAR BEVAR Total 
endovascular 
aortic 
interventions 
including 
complex EVAR 
in complex 
EVAR hospitals

Number of hospitals 28 28 14 28

Number of patients 694 539 155

Number of interventions 705 545 160 7096

Median number of 
patients per hospital [IQR]

55 [35 -76] 47 [28–53] 25 [11-25] 304 [207-347]

Median number of 
patients per hospital per 
year [IQR]

13 [9-23] 11 [7-15] 7 [3-9] 72 [52 – 90]

Total endovascular aortic interventions were reported as median [IQR] number of interventions 
per hospital 7
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Table S5: Univariable analyses to assess whether hospital volume of complex EVAR, FEVAR, 
BEVAR and total endovascular aortic interventions is associated with increased perioperative 
mortality

A

Volume of complex EVAR* No. of patients 
(complex EVAR*)

Mortality of complex EVAR*

OR (95%-CI) P-value

Overall volume of 
complex EVAR*

Continuous 0.98 (0.97 – 0.995) 0.009

Categorical (based on quartiles)

< 35 154 Ref.

35-54 174 0.52 (0.20 – 1.28) 0.162

55 - 75 187 0.36 (0.12 – 0.93) 0.043

≥ 76 179 0.31 (0.10 – 0.85) 0.030

Annual volume of 
complex EVAR*

Continuous 0.93 (0.89 – 0.98) 0.007

Categorical (based on quartiles)

<9 165 Ref.

9-12 129 0.57 (0.21 – 1.41) 0.241

13-22 199 0.26 (0.08 – 0.68) 0.010

≥ 23 201 0.26 (0.08 – 0.67) 0.010

OR indicates Odds Ratio, CI indicates confidence interval. * Complex EVAR: FEVAR and BEVAR

7
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B

Volume of FEVAR No. of 
patients 
(FEVAR)

Mortality of FEVAR

OR (95%-CI) P-value

Overall volume of FEVAR

Continuous 0.97 (0.95 – 0.99) 0.006

Categorical (based on quartiles)

<28 134 Ref.

28 – 46 132 0.53 (0.18 – 1.44) 0.228

47-52 98 0.35 (0.08 – 1.17) 0.118

≥ 53 175 0.26 (0.07 – 0.78) 0.024

Annual volume of FEVAR

Continuous 0.89 (0.81 – 0.96) 0.004

Categorical (based on quartiles)

<7 129 Ref.

7 – 10 139 0.44 (0.15 – 1.17) 0.111

11-14 114 0.45 (0.14 – 1.25) 0.143

≥ 15 157 0.06 (0.003 – 0.32) 0.008

OR indicates Odds Ratio, CI indicates confidence interval.

C

Volume of BEVAR No. of patients 
(BEVAR)

Mortality of BEVAR

OR (95%-CI) P-value

Overall volume of BEVAR

Continuous 1.00 (0.93 – 1.06) 0.886

Categorical (based on quartiles)

<11 38 Ref.

11-24 30 0.62 (0.03 – 6.79) 0.703

25 50 1.57 (0.29 – 11.75) 0.616

≥ 26 37 0.50 (0.02 – 5.44) 0.578
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Annual volume of BEVAR

Continuous 0.94 (0.74 – 1.19) 0.609

Categorical (based on quartiles)

<3 28 Ref.

3-6 48 0.18 (0.01 – 1.47) 0.142

7-8 31 0.57 (0.07 – 3.73) 0.561

≥ 9 48 0.36 (0.05 – 2.32) 0.283

OR indicates Odds Ratio, CI indicates confidence interval.

D

Volume of total endovascular 
aortic interventions

No. of patients 
(complex EVAR*)

Mortality of complex EVAR*

OR (95%-CI) P-value

Overall volume of total 
endovascular aortic 
interventions

Continuous 1.00 (0.997 – 1.01) 0.673

Categorical (based on quartiles)

< 207 111 Ref.

207 – 303 174 0.26 (0.10 – 0.70) 0.007

304 – 346 230 1.23 (0.36 – 3.77) 0.722

≥ 347 179 0.67 (0.26 – 1.74) 0.402

Annual volume of total 
endovascular aortic 
interventions

Continuous 1.00 (0.98 – 1.01) 0.842

Categorical (based on quartiles)

<52 117 Ref.

52-71 170 0.80 (0.29 – 2.29) 0.665

72-89 240 0.43 (0.14 – 1.33) 0.140

≥ 90 167 1.00 (0.37 – 2.83) 0.999

OR indicates Odds Ratio, CI indicates confidence interval. *Complex EVAR: FEVAR and BEVAR

7
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ABSTRACT

Background
Juxtarenal abdominal aortic aneurysms (JRAAAs) can be treated either with open surgical 
repair (OSR) including suprarenal clamping or by complex endovascular aneurysm repair 
(cEVAR). In this study, we present the comparison between the short-term mortality 
and complications of the elective JRAAA treatment modalities from a national database 
reflecting daily practice in The Netherlands.

Methods
All patients undergoing elective JRAAA open repair or cEVAR (fenestrated EVAR or 
chimney EVAR) between January 2016 and December 2018 registered in the Dutch 
Surgical Aneurysm Audit (DSAA) were eligible for inclusion. Descriptive perioperative 
variables and outcomes were compared between patients treated with open surgery or 
endovascularly. Adjusted odds ratios for short-term outcomes were calculated by logistic 
regression analysis.

Results
In all, 455 primary treated patients with JRAAAs could be included (258 OSR, 197 cEVAR). 
Younger patients and female patients were treated more often with OSR vs cEVAR (72 ± 
6.1 vs 76 ± 6.0; P< .001 and 22% vs 15%; P= .047, respectively). Patients treated with OSR 
had significantly more major and minor complications as well as a higher chance of early 
mortality (OSR vs cEVAR, 45% vs 21%; P< .001; 34% vs 23%; P= .011; and 6.6% vs 2.5%; 
P= .046, respectively). After logistic regression with adjustment for confounders, patients 
who were treated with OSR showed an odds ratio of 3.64 (95% confidence interval [CI], 
2.25-5.89; P< .001) for major complications compared with patients treated with cEVAR, 
and for minor complications, the odds ratios were 2.17 (95% CI, 1.34-3.53; P= .002) higher. 
For early mortality, the odds ratios were 3.79 (95% CI, 1.26-11.34; P= .017) higher after OSR 
compared with cEVAR.

Conclusions
In this study, after primary elective OSR for JRAAA, the odds for major complications, minor 
complications, and short-term mortality were significantly higher compared with cEVAR.
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INTRODUCTION

Due to the lower mortality and its minimal invasive character, endovascular aneurysm 
repair (EVAR) has been widely implemented in daily practice and is the preferred method of 
treatment of abdominal aortic aneurysms (AAAs) in most practices1. Since the introduction 
of EVAR almost three decades ago, an increasing amount of research has focused on the 
differences between open surgery and EVAR to treat AAA2–5. Several trials on elective 
infrarenal aneurysm showed a survival advantage for EVAR in the short-term6. This 
advantage was, however, lost after 3 years of follow-up.

The Dutch Surgical Aneurysm Audit (DSAA) is a mandatory nationwide audit for all patients 
treated for an aortic aneurysm in The Netherlands and was introduced in 20137. Previous 
research from this database between 2013 and 2015 showed a combined mortality for 
open surgery and EVAR of 1.9% for infrarenal and juxtarenal aortic aneurysms (JRAAAs) 
combined. So far, little specific data is published on outcomes of JRAAA repair when 
JRAAAs account for roughly 15% of all AAAs8. As JRAAAs demand a different, more 
complex approach in open surgery (suprarenal clamping) and in complex endovascular 
repair (cEVAR; chimney EVAR [CHEVAR] or fenestrated EVAR [FEVAR]), outcomes after 
JRAAA treatment are most likely different from treatment of infrarenal aneurysms. 
Therefore, JRAAAs should be evaluated separately in observational research as well as in a 
randomized trial. Consequently, this study evaluates the most recent short-term outcomes 
after elective juxtarenal aortic repair in a consecutive cohort from a nationwide database 
reflecting daily practice in The Netherlands.

METHODS

This is a retrospective study performed on a prospectively collected registry. We followed 
the Strengthening the Reporting of Observational studies in Epidemiology (STROBE) 
guidelines reporting this study.

Data source
The dataset was derived from the DSAA. The DSAA is a compulsory nationwide audit that 
was initiated in 2013 and prospectively registers all patients treated for an aortic aneurysm 
(infrarenal, juxtarenal, suprarenal aneurysms) either with OSR or cEVAR. The purpose of 
the DSAA is to monitor quality and improve outcomes after aortic aneurysm treatment. 
Surgeons register their data via a web-based survey or deliver the data as a data file. Our 
research group was granted permission by the DSAA scientific and ethical committee 
after submitting a research proposal to evaluate all patients with JRAAAs treated in The 
Netherlands between January 2016 and December 2018. Patient consent was not necessary 

8
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according to the ethical committee, as the DSAA database we received was anonymized 
data. The study complied with the Declaration of Helsinki.

Study population
Between 2016 and 2018, 12,194 patients were registered in the DSAA with an aortic 
aneurysm. In this dataset, 1243 patients were registered as having a JRAAA. Elective, 
primary, and atherosclerotic JRAAAs were included. The exact flow diagram of patient 
inclusion and exclusion is shown in Figure 1. The final database consisted of 455 electively 
and primarily treated patients with JRAAAs in 44 Dutch hospitals; 258 patients treated 
with OSR and 197 with cEVAR.

Figure 1: Patient selection

Abbreviations: JRAAA: Juxtarenal abdominal aortic aneurysm, DSAA: Dutch Surgical Aneurysm 
Audit, OSR: open surgical repair, EVAR: endovascular aneurysm repair.

Definitions
A JRAAA is generally defined as an aortic aneurysm extending up to but not involving 
the renal arteries (ie, a short infrarenal aortic neck <10 mm), necessitating inter-renal, 
suprarenal below the superior mesentery artery, or infra- or supracoeliac clamping9,10. The 
DSAA database included all patients who were marked as segment C AAAs and JRAAAs 
by the registering clinicians. Segment C aneurysm was defined as an aortic aneurysm 
distally from the superior mesenteric artery. Suprarenal clamping was defined as clamping 
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above one or both renal arteries. As the DSAA database did not provide us with anatomical 
features to check if all included patients met the formal definition of a juxtarenal aneurysm, 
we used operation characteristics to approximate the formal anatomical definition. We 
excluded all patients with infrarenal clamping in the OSR treatment group, because 
when infrarenal clamping is used, it is more likely to be an infrarenal aneurysm, and 
therefore, misclassification is likely. If patients were endovascularly treated, they had to 
have undergone some type of branch inclusion in the reconstruction (i.e., CHEVAR or 
FEVAR), and therefore at least one targeted vessel. Patients treated with FEVAR with four 
fenestrations and branched EVAR (BEVAR) were excluded, because in most cases BEVAR 
was used for suprarenal aneurysms, and therefore, misclassification is most likely. The 
DSAA database does not specify which arteries were targeted per patient. Study variables 
included all preoperative and perioperative variables, which are compulsory to submit 
for every patient with aneurysm in the DSAA registration. Some study variables included 
the option ‘unknown.’

Preoperative cardiac status was recorded in the DSAA registry as the presence of: 
(1) no cardiac history; (2) medication for hypertension, angina pectoris, diuretics, or 
digoxin; (3) presence of peripheral edema or use of vitamin K antagonists or borderline 
cardiomyopathy; (4) presence of an elevated central venous pressure or cardiomegaly; and 
(5) unknown. Preoperative pulmonary status was recorded in the registry as the presence 
of: (1) no pulmonary history; (2) presence of dyspnea during exercise; (3) presence of severe 
dyspnea, including invalidating dyspnea, dyspnea at rest, consolidation and lung fibrosis; 
and (4) unknown. Electrocardiogram (ECG) abnormalities consisted of atrial fibrillation, 
ischemia, or any other abnormalities on ECG.

A cardiac complication is recorded as yes if myocardial infarction, decompensated 
heart failure, cardiac arrhythmias, or other cardiac complications occurred. Pulmonary 
complications are recorded as yes if pneumonia, pulmonary embolism, pneumothorax, 
or other pulmonary complications occurred. Renal complications are recorded as 
yes if renal insufficiency not requiring hemodialysis or renal insufficiency requiring 
hemodialysis occurred. Neurologic complications are recorded as yes if cerebrovascular 
accident, paraplegia, delirium, or other neurologic complications occurred. Abdominal 
complications are recorded as yes if abdominal abscess, abdominal sepsis, ileus, spleen 
injury, bowel ischemia, bowel injury, stoma placement, or other abdominal complications 
occurred. Arterial occlusions are recorded as yes if (major) amputation, renal artery arterial 
occlusion, or other arterial occlusion (including trash foot) occurred. Reconstruction and 
prosthesis-related complications are recorded as yes if prothesis infection, prothesis 
migration, or other reconstruction and prosthesis-related complications occurred. 
Wound complications are recorded as yes if deep wound infection, fascia dehiscence, 

8
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or other wound complications occurred. Postoperative bleeding was marked as yes if 
a postoperative bleeding occurred. Infection (nonsurgical) was marked as yes when an 
infection occurred that was not a surgical or pulmonary infection. The category ‘other’ 
complications is any other complication that occurred within 30 days or within hospital 
admission and did not fit any of the other categories.

The primary endpoint was early mortality, and secondary endpoints were major and minor 
complications within 30 days, reintervention/reoperations within 30 days, and unplanned 
readmission within 30 days after discharge. Early mortality was defined as death within 30 
days after treatment or within initial hospital admission. A major complication was defined 
as any postoperative adverse event causing a prolonged hospital stay, reintervention, or 
early mortality, with a maximum of one major complication11. A minor complication was 
defined as any postoperative adverse event that did not lead to a prolonged hospital 
stay, reintervention, permanent injury, or early mortality. The definition of major or minor 
complication is therefore not based on the specific complication but on the consequence 
the complication had. A prolonged hospital stay was defined as the length of hospital 
stay beyond the 75th percentile of length of stay per treatment group. Complications 
that occurred within 30 days after treatment or within initial hospital admission 
causing permanent injury, like permanent dialysis after kidney failure, were marked as 
complications <30 days causing permanent injury. Patients who underwent a reoperation 
or reintervention within 30 days after initial treatment or within hospital admission 
were marked as reoperation or reintervention <30 days. Unplanned readmissions were 
admissions within 30 days after discharge of the initial admission that did not involve a 
planned admission.

Statistical analysis.
Categorical variables were described by frequency distribution and compared across 
patient groups treated with OSR or cEVAR. Continuous variables were tested for normality 
and linearity by one-sample Kolmogorov-Smirnov testing and then compared across 
treatment groups using one-way analysis of variance. This was done for preoperative 
variables as well as intraoperative variables and outcomes. Adjusted odds ratios were 
estimated by a multivariable logistic regression model adjusting for age, sex, cardiac 
status, result of last ECG, pulmonary status, preoperative hemoglobin level, preoperative 
creatinine level, and largest diameter of the aneurysm. If variables contained missing data, 
this is acknowledged in the Tables. All P-values are two-tailed, with values <.05 considered 
statistically significant. All analysis were performed using STATA 14.1MP statistical software 
(College Station, Tex).
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RESULTS

From the included 455 electively primarily treated patients with JRAAAs from 44 Dutch 
hospitals, 258 patients were treated with OSR and 197 with cEVAR. In the OSR group, 
patients were significantly younger compared with the cEVAR group (72 ± 6.1 vs 76 ± 6.0 
years, respectively; P< .001; Table 1). Female patients were more often treated with OSR 
compared with male patients (OSR: female vs male, 22% vs 78%; cEVAR: female vs male, 
14% vs 86%; P= .047). No difference was seen between comorbidities or preoperative 
laboratory values. The number of patients treated over the years remained stable also in 
the distribution between the treatment groups and sex.

Table 1: Preoperative characteristics of elective primary JRAAA repairs

Total 
(N = 455)

OSR
 (n = 258; 
57%)

cEVAR 
(n = 197; 43%)

P

Age, years 74 ± 6.2 72 ± 6.1 76 ± 6.0 < .001

Sex .047

Male 369 (81) 201 (78) 168 (85)

Female 86 (19) 57 (22) 29 (15)

Year of treatment .431

2016 163 (36) 95 (37) 68 (35)

2017 147 (32) 77 (30) 70 (35)

2018 145 (32) 86 (33) 59 (30)

Cardiac status .850

No abnormalities 151 (33) 90 (35) 61 (31)

Antihypertensive medication 254 (56) 139 (54) 115 (58)

Peripheral edema 33 (7) 20 (8) 13 (7)

Raised central venous pressure 5 (1) 3 (1) 2 (1)

Unknown 12 (3) 6 (2) 6 (3)

Pulmonary status .564

No dyspnea 343 (69) 181 (70) 162 (68)

Dyspnea 123 (25) 66 (26) 57 (24)

Severe dyspnea 23 (5) 9 (3) 14 (6)

Unknown 6 (1) 2 (1) 4 (2)

Last preoperative ECG .037

No abnormalities 200 (44) 123 (48) 77 (39)

Abnormalities 226 (49) 126 (49) 100 (51)

8
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Table 1: Continued.

Total 
(N = 455)

OSR
 (n = 258; 
57%)

cEVAR 
(n = 197; 43%)

P

No ECG performed/unknown 
ECG

29 (6) 9 (3) 20 (10)

Hemoglobin, mmol/L 8.6 ± 0.98 8.6 ± 0.96 8.7 ± 1.01 .228

Creatinine, mmol/L 101 ± 44 101 ± 53 101 ± 28 .926

GFR, mL/min/1.73 m2 70 ± 22 72 ± 23 68 ± 20 .139

Largest diameter aneurysm 
when treated, mm

60 [11] 60 [12] 61 [10] .877

cEVAR, Complex endovascular aneurysm repair (fenestrated EVAR or chimney EVAR); ECG, 
electrocardiogram; GFR, glomerular filtration rate; IQR, interquartile range; JRAAA, juxtarenal 
abdominal aortic aneurysm; OSR, open surgical repair.
Data are presented as n (%), mean ± standard deviation, or median [IQR]. Boldface P represents 
statistically significant data.

During OSR, a tube prosthesis was used in 139 of 258 cases (54%), and in 45% of cases, 
a bifurcated prosthesis was used (Table 2). In 55% of cases, the aortic clamp was placed 
above both renal arteries, and in 37% above one of the renal arteries. For cEVAR, fenestrated 
grafts were mostly used (125/197; 69%); the remaining cEVAR cases were treated with 
chimney EVAR. Almost 90% of procedures involved two or three target vessels.

Table 2: Intraoperative characteristics of elective primary JRAAA repairs

Total 
(n= 455)

OSR 
(n= 258; 
57%)

cEVAR 
(n= 197; 43%)

P

Intraoperative characteristics, OSR NA NA NA

Type of prosthesisa

Tube prosthesis 139 (54)

Bifurcation prosthesis 117 (45)

Unknown 2 (1)

Clamping above renal arteriesa

Above 1 renal artery 95 (37)

Above 2 renal arteries 143 (55)

Unknown 20 (8)

Intraoperative characteristics, 
cEVAR

NA NA NA
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Table 2: Continued.

Total 
(n= 455)

OSR 
(n= 258; 
57%)

cEVAR 
(n= 197; 43%)

P

Endovascular procedurea
Chimney EVAR 54 (27)

Fenestrated EVAR 143 (73)

Amount or target vessels
One target vessel 24 (12)

Two target vessels 82 (42)

Three target vessels 91 (46)

Intraoperative complication .088

None 421 (93) 241 (93) 180 (92)

Cardiac arrest or resuscitation 1 (0) 1 (0) 0

Unintended occlusion branch 5 (1) 2 (1) 3 (1)

Type I endoleak 5 (1) NA 5 (3)

Type III endoleak 0 NA 0

Iatrogenic bowel damage 3 (1) 3 (1) NA

Iatrogenic ureter damage 1 (0) 1 (0) NA

Other 19 (4) 10 (5) 9 (4)

Blood loss, mL <.001
<100 56 (13) 2 (1) 54 (27)

101-500 106 (23) 23 (9) 83 (42)

501-999 65 (14) 45 (17) 20 (10)

1000 or more 200 (44) 173 (67) 27 (14)

Unknown 28 (6) 15 (6) 13 (7)

Peritoneal contamination NA NA NA

None 234 (92)

Minimal fluid 19 (7)

Abscess 0

Peritonitis, fecal contaminationa 2 (1)

Amount of initial procedures .826

One procedure 406 (89) 229 (89) 177 (90)

Two procedures 43 (10) 26 (10) 17 (9)

More than two procedures 6 (1) 3 (1) 3 (1)

cEVAR, Complex endovascular aneurysm repair (fenestrated EVAR or chimney EVAR); JRAAA, 
juxtarenal abdominal aortic aneurysm; NA, not applicable; OSR, open surgical repair. Data are 
presented as n (%). Boldface P values represent statistical significance. aMissing data <5%.
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OSR showed similar intraoperative complications compared with cEVAR (7% vs 8%; P¼ 
.088), which was mainly due to the occurrence of a type I endoleak in 5 patients (3%) in 
the cEVAR group. Blood loss was significantly different in favor of cEVAR, in which most 
patients had blood loss between 101 and 500 mL compared with mostly more than 1000 
mL in the OSR group (P< .001).

Postoperative characteristics are described in Table 3. Almost one-half of the OSR-treated 
patients had some type of complication within 30 days compared with one-third of the 
cEVAR-treated patients (no missing data). After OSR, patients more often underwent a 
reintervention within 30 days after initial JRAAA treatment due to a third of the relatively 
high amount of re-laparotomies. Unfortunately, the database does not provide data on 
the reasons for these re-laparotomies. More abdominal and renal complications occurred 
after OSR compared with after cEVAR, but for the different categories of complications, 
more than one-half of the data was missing. After treatment with cEVAR, patients had a 
significantly shorter intensive care unit stay and hospital stay compared with OSR (both 
P< .001).

Table 3: Postoperative characteristics of elective primary JRAAA repairs

Total 
(N = 455)

OSR 
(n = 258; 
57%)

cEVAR 
(n = 197; 
43%)

P

Intensive care admission, days 1 [0-2] 2 [1-3] 0 [0-1] <.001

Hospital admission, days 7 [4-10] 8 [6-12] 4 [3-7] <.001

Patients with a complication within 
30 daysa

192 (42) 127 (49) 65 (33) <.001

Category complications within 
30 daysb

Cardiac 39 (13) 31 (15) 8 (9) .057

Pulmonary 59 (19) 38 (18) 21 (23) .683

Renal 35 (11) 30 (14) 5 (5) .010

Neurologic 39 (13) 24 (11) 15 (16) .382

Abdominal 30 (10) 26 (12) 4 (4) .004

Arterial occlusion 22 (7) 16 (8) 6 (7) .659

Reconstruction/prosthesis-related 10 (3) 5 (2) 5 (5) .127

Wound 15 (5) 12 (6) 3 (3) .277

Postoperative bleeding 9 (3) 5 (2) 4 (4) .492

Infection (non-surgical) 14 (4) 9 (4) 5 (5) .879

Other 36 (12) 18 (8) 18 (19) .023
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Table 3: Continued.

Total 
(N = 455)

OSR 
(n = 258; 
57%)

cEVAR 
(n = 197; 
43%)

P

Patients with a reintervention or 
reoperation within 30 daysa

50 (11) 34 (13) 16 (8) .188

Endovascular procedure 6 (12) 1 (3) 5 (31) .046

Percutaneous procedure 2 (4) 1 (3) 1 (6) .848

Endoscopic procedure 2 (4) 1 (3) 1 (6) .848

Reoperation open procedure 27 (55) 22 (67) 5 (31) .007

Opening wound only 2 (7) 1 (5) 1 (20) .848

Re-laparotomy 15 (56) 15 (68) 0

Other open procedure 10 (37) 6 (27) 4 (80) .832

Other procedure 12 (25) 8 (24) 4 (26) .480

cEVAR, Complex endovascular aneurysm repair (fenestrated EVAR or chimney EVAR); IQR, 
Interquartile range; JRAAA, juxtarenal abdominal aortic aneurysm; OSR, open surgical repair.
Data are presented as n (%) or median [IQR]. Boldface P values represent statistical significance. a 

No missing data. bMissing data 50%-60%.

Looking at the outcomes within 30 days, patients treated with OSR had significantly more 
complications, both major and minor, as well as a higher risk of early mortality (Table 
4). The number of targeted vessels were not associated with the occurrence of major or 
minor complications (P= .542 and P= .648, respectively). Also, it was not associated with 
early mortality (P = .569). After adjustment for age, sex, cardiac status, result of the last 
ECG, pulmonary status, preoperative hemoglobin level, preoperative creatinine level, and 
largest diameter aneurysm, the odds ratios for major complications within 30 days after 
treatment were 3.64 (95% confidence interval [CI], 2.25-5.89) higher when treated with 
OSR. For minor complications, the odds ratios were 2.17 (95% CI, 1.34-3.53) higher after 
treatment with OSR relative to cEVAR, and for early mortality, the odds ratios were higher 
with 3.79 (95% CI, 1.26-11.34).
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Table 4: Adjusted early outcomes after primary elective JRAAA repair

Total 
(N = 455)

OSR 
(n = 258; 
57%)

cEVAR 
(n = 197; 
43%)

ORa 95% CI

Major complications <30 days 157 (34.5) 116 (45.0) 41 (20.8) 3.64 2.25-5.89

Minor complications <30 days 132 (29.0) 87 (33.7) 45 (22.8) 2.17 1.34-3.53

Complications <30 days 
causing permanent injury

34 (7.5) 21 (8.1) 13 (6.6) 1.05 0.91-1.22

Reoperation or 
reintervention <30 days

50 (10.9) 34 (13.2) 16 (8.1) 1.69 0.85-3.40

Unplanned readmission <30 
days after discharge

34 (7.5) 14 (5.4) 20 (10.2) 0.55 0.25-1.20

Early mortality 22 (4.8) 17 (6.6) 5 (2.5) 3.79 1.26-11.34

cEVAR, Complex endovascular aneurysm repair (fenestrated EVAR or chimney EVAR); CI, confidence 
interval; JRAAA, juxtarenal abdominal aortic aneurysm; OR, odds ratio; OSR, open surgical repair. 
Data are presented as n (%). ORs are given for OSR compared with EVAR. Boldface values represent 
statistical significance. aLogistic regression is performed for each outcome measure, adjusting for 
age, sex, cardiac status, result of last electrocardiogram, pulmonary status,preoperative hemoglobin 
level, preoperative creatinine level, largest diameter aneurysm, hospital operation volume for 
juxtarenal aneurysms, and year of operation.

DISCUSSION

This study provides data on real-life daily practice in The Netherlands treating JRAAAs. 
More major and minor complications occurred after OSR compared with cEVAR, as well 
as a significantly higher 30-day mortality. After adjustment for confounders, the odds 
ratios for major complications as well as early mortality were over 3.5-fold higher after 
OSR compared with cEVAR, and minor complications showed a 2-fold higher odds ratio. 
The generalizability of this study is influenced by patient selection based on the available 
data (ie, type of treatment), and the number of patients included, which should be taken 
into account when interpreting this study.

A recent meta-analysis discussing the trials for elective infrarenal abdominal aneurysm 
treatment showed significantly lower early mortality for patients treated with EVAR12. For 
more complex aortic aneurysms, such as JRAAAs, two high-quality meta-analyses have 
been published, both showing no significant differences in early mortality between OSR 
and FEVAR13,14. OSR did show a higher number of postoperative complications compared 
with FEVAR in both studies. These results were also taken into account by the European 
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Society of Vascular Surgery guideline, which recommends that the preferred treatment 
option for JRAAAs is an endovascular solution with fenestrated endografts when feasible 
because the mortality is equal but the morbidity is less10. Within this guideline, the use of 
CHEVAR is only recommended in the acute setting or as an endovascular bailout option 
and is ideally restricted to a maximum of two chimneys. This is due to the advantage of 
CHEVAR not being a custom-made device, and therefore, it can be used in an emergency 
setting. The disadvantage is that postoperative type Ia endoleaks and chimney graft 
occlusion occur more often compared with FEVAR10,15,16. Our registry did include patients 
treated with CHEVAR in the elective setting between 2016 and 2018, which was before 
the newest guideline publication.

The lack of significant difference in mortality in the meta-analyses of Rao et al and Jones 
et al was possibly caused by including patients in the endovascular group with more 
comorbidities13,14. In accordance with the previously published literature, in this study, 
major complications occurred more often in patients treated with OSR compared with 
cEVAR, especially renal and abdominal complications. This is probably also the explanation 
for more reinterventions within 30 days after treatment with OSR and could very well have 
affected the shortterm mortality. Although suprarenal clamping in the OSR group does 
skew the chances of postoperative renal impairment, previous studies found no effect on 
the occurrence of permanent dialysis and mortality, and this is therefore probably not a 
complete explanation for the mortality difference in this study17–19. In patients treated for 
infrarenal aneurysms, it is known that a short neck is associated with higher mortality in 
patients treated with OSR, whereas EVAR is not possible in this group20,21. The generally 
broader range of anatomical characteristics that are accepted for OSR compared with 
cEVAR could therefore also be a factor contributing to a higher mortality after OSR in this 
study.

In this registry, the choice of treatment modality was left to the surgeons’ discretion. 
Therefore, some patients may have undergone OSR because cEVAR was not available in 
that hospital, whereas other patients may have been offered an endovascular solution only 
in a hospital with an “endovascular-first” strategy for JRAAA. Even when both treatments 
are equally enrolled in the concerning hospital and the patient’s anatomy is suited for 
both, it can be difficult to decide which patient to offer which treatment. A methodically 
well-developed preoperative risk model specifically made for JRAAAs could be of value 
to give more preoperative guidance. A recent study of the Vascular Quality Initiative data 
did show that acute kidney injury after JRAAA treatment with OSR was associated with 
increased comorbidities preoperatively and also was associated with worse short- and 
long-term mortality16. Further risk stratification of preoperative comorbidities and also 
information on the impact of the different treatment modalities on quality of life could 
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aid in the decision-making process10. Unfortunately, no randomized controlled trial has 
been performed comparing treatment outcomes of OSR vs cEVAR for JRAAA, although that 
would be the best way to truly compare these treatment modalities6. Because the choice 
of a surgical approach is multifactorial, a randomized trial would be the most appropriate 
method that corrects by default for confounding by indication10.

Limitations
This study must be interpreted in the context of its design. Patient selection was done 
on operation technique only, as there was no information on anatomical configurations, 
inevitably causing selection bias. Some pararenal or suprarenal AAAs may have been 
included in the endovascular group and treated with three-fenestrated EVAR. Also, in the 
OSR group, selection bias could also be present; patients with anatomically true JRAAAs 
could have been treated using an infrarenal clamp anyway and were therefore excluded 
from analysis in this study. Also, the local availability of cEVAR and the preference of 
the surgeon or patient is an influence on the decision of whether to treat the JRAAA 
endovascularly or openly, which were unknown parameters in this study.

The retrospective analysis of prospectively collected data was done using data from the 
DSAA registry. As with all registries, it depends on the registering physician reporting on 
perioperative characteristics, which may lead to errors in interpretation of the data before 
reporting, errors during data input, or missing data. The DSAA is a prospective quality 
registry system and provides us with crucial variables to include patients with JRAAAs 
as adequately as possible (ie, suprarenal clamping during OSR or the usage of branch 
inclusion in the reconstruction during cEVAR). Despite this, the registry did not provide 
us the anatomical configurations of the infrarenal neck lengths or aneurysm involvement 
of the renal arteries or extension above the renal arteries.

CONCLUSIONS

This study provides the data on current practice of the treatment of JRAAAs in The 
Netherlands. In this study, after primary elective OSR for JRAAAs, the odds for major 
complications, minor complications, and short-term mortality were all significantly 
higher compared with cEVAR. Though this study reflects daily practice in The Netherlands, 
selection bias and number of included patients should be taken into account when 
interpreting the generalizability of this study. For future research, development of a 
preoperative risk model would be a valuable tool to preoperatively identify patients 
most likely to survive treatment, preferably in a prospective cohort including anatomical 
configurations to prevent the issue of selection bias.
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ABSTRACT

Background
The Dutch Surgical Aneurysm Audit (DSAA) is a nationwide mandatory quality registry 
that evaluates the perioperative outcomes of abdominal aortic aneurysms (AAAs). The 
DSAA includes perioperative outcomes that occur up to 30 days, but various complications 
following AAA repair occur after this period. Administrative healthcare data yield the 
possibility to evaluate later occurring outcomes such as reinterventions, without increasing 
the registration burden. The aim of this study is to assess the feasibility and the potential 
benefit of administrative healthcare data to evaluate mid-term reinterventions following 
intact AAA repair.

Method
All patients that underwent primary endovascular aneurysm repair (EVAR) or open surgical 
repair (OSR) for an intact infrarenal AAA between January 2017 and December 2018 were 
selected from the DSAA. Subsequently, these patients were identified in a database 
containing reimbursement data. Healthcare activity codes that refer to reinterventions 
following AAA repair were examined to assess reinterventions within 12 and 15 months 
following EVAR and OSR.

Results
We selected 4043 patients from the DSAA, and 2059 (51%) patients could be identified 
in the administrative healthcare database. Reintervention rates of 10.4% following EVAR 
and 9.5% following OSR within 12 months (p = 0.719), and 11.5% following EVAR and 10.8% 
following OSR within 15 months (p = 0.785) were reported.

Conclusion
Administrative healthcare data as an addition to the DSAA is potentially beneficial to 
evaluate mid- term reinterventions following intact AAA repair without increasing 
the registration burden for clinicians. Further validation is necessary before reliable 
implementation of this tool is warranted.



203

Administrative Healthcare Data to Evaluate Mid-Term Reinterventions

INTRODUCTION

The Dutch Surgical Aneurysm Audit (DSAA) is a nationwide mandatory quality registry that 
monitors and evaluates the perioperative outcomes of the treatment of abdominal aortic 
aneurysms (AAAs), performed by Dutch vascular surgeons in all Dutch hospitals1. Data of 
the DSAA, prospectively collected by vascular surgeons, reflect real-world practice and are 
mainly used for quality indicators to provide feedback to hospitals on their performances. 
Secondary, the data of the DSAA is used for scientific research that evaluates the quality 
of the Dutch AAA-care on a national level2.

The DSAA includes perioperative outcomes that occur up to 30 days postoperatively or 
during the same hospital admission. However, com- plications and reinterventions that 
occur after 30-days are not scarce following EVAR and OSR3. Several patients treated with 
endovascular aortic aneurysm repair (EVAR) experience long-term endograft complications 
resulting in reintervention3,4, while patients treated with open surgical repair (OSR) are 
at-risk for reinterventions for complications related to the laparotomy3,5. Therefore, as 
most patients survive multiple years following an AAA-repair6,7, reliable data on long-term 
results, especially the durability of EVAR, are of utmost importance. Available data that 
evaluates mid and long-term reinterventions especially describes data from randomized 
controlled trail6,7. Observational studies often contain data from centers of excellence4, 
while nationwide data on mid and long-term reinterventions to evaluate the nationwide 
impact of reinterventions are scarce.

A limited registration burden is crucial for quality registries2. Therefore, it might be valuable 
to add administrative healthcare data to the DSAA to evaluate the number and percentage 
of mid-term reinterventions following intact AAA repair without increasing the registration 
burden for clinicians. However, research that is performed with administrative healthcare 
data may be subject to several limitations8. Thus, the aim of this study is to assess the 
feasibility and the potential benefit of using administrative healthcare data to evaluate 
the frequency and type of mid-term reinterventions (reinterventions within 12 and 15 
months) following intact AAA repair.

METHODS

Study design and data sources
This study serves as a pilot study to explore adding mid-term reinterventions following 
AAA repair to the Dutch Surgical Aneurysm Audit using administrative healthcare data. 
For this observational multicenter retrospective cohort study, two separate datasets were 
constructed. The first dataset was retrieved from the Dutch Surgical Aneurysm Audit 
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(DSAA-dataset), a mandatory nationwide quality registry in the Netherlands. The DSAA 
was established in 2013, and from that year forward, each hospital started registering 
all patients that underwent repair of an infrarenal or juxtarenal aneurysm without 
previous aortic surgery performed by vascular surgeons. Data verification of the DSAA 
was performed in a random sample of hospitals, indicating high reliability of data9. The 
administrative healthcare data, the second dataset, was retrieved from the ‘Benchmark 
Database’ serviced by LOGEX, a Dutch healthcare analytics company. This database is 
primarily used for reimbursement purposes and contains information on diagnosis and 
specific healthcare activity codes developed by the Dutch Healthcare Authority (NZA)10. 
Both AAA repairs and reinterventions are represented in specific healthcare activities 
codes. Healthcare insurance is mandatory in the Netherlands, and invoices to insurance 
companies are based on healthcare declaration codes that include specific healthcare 
activity codes. Dutch administrative healthcare data has previously been used for scientific 
purposes11,12 and is considered accurate12. The administrative healthcare dataset was 
constructed using specific healthcare activity codes that described EVAR and OSR. This 
dataset also included information on reinterventions following an aneurysm repair, as well 
as limited information regarding patient and treatment characteristics.

Patient selection
For this study, the following in and exclusion criteria were used: all patients that underwent 
primary EVAR or OSR with clamping below the renal arteries for an intact infrarenal AAA 
between January 2017 and December 2018 were selected from the DSAA and included 
in the DSAA- dataset. Patients who were attempted to be treated endovascular but were 
converted from EVAR to OSR during surgery were not included in this study. Patients 
with an age below 20 or above 90 years were excluded. Subsequently, the administrative 
healthcare data was extracted from the administrative healthcare database by selecting 
patients with healthcare activity codes corresponding to EVAR or OSR (without 
reconstruction of one or two renal arteries) and the diagnosis code ‘aneurysm of the aorta 
and arteries’, whereafter these patients were included in the administrative healthcare 
dataset. The date of surgery noted in these specific healthcare activities that describe 
EVAR or OSR (shown in Table 1) determined the start of the follow-up periods of 12 and 15 
months. Due to privacy restrictions, patient data in the administrative healthcare database 
was fully anonymized and could not be linked on patient-level to the DSAA dataset. Also, 
reintervention rates per hospital could not be assessed. Only patients that underwent a 
reintervention in the same hospital as their primary AAA-repair could be identified in the 
administrative healthcare database and were included in the administrative healthcare 
dataset. This study was conducted in 2020 and 2021.
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Definitions and outcomes
Definitions
Reinterventions were selected from the administrative healthcare database using codes 
for specific care activities. The codes representing the reinterventions were selected based 
on clinical relevance. The selected reinterventions were divided into ‘vascular-related 
reinterventions’, which included aneurysm-related reinterventions, peripheral vessel-
related reinterventions, amputations, and other vascular reinterventions, and ‘abdominal 
reinterventions’ that included laparotomies and corrections of incisional hernias. Within 
each category, reinterventions that described similar procedures were summarized into 
one subcategory. A complete overview of included reinterventions is presented in Table 
S2–6. Due to privacy re- strictions, the exact time in months or days between the primary 
intervention and the reintervention could not be extracted from the administrative 
healthcare database.

Outcomes
Outcomes of this study were the number and percentage of reinterventions (reinterventions 
per category and individual reinterventions) within 12 months and 15 months following 
intact AAA repair, stratified for EVAR and OSR, and the number of specific reinterventions 
that occurred in the administrative healthcare dataset. Both reinterventions within 12 and 
15 months following AAA repair were examined to provide insight into the possible risk 
of selection bias that could be caused due to clinical follow-up moments with computed 
tomography angiography (CTA) scanning that most patients undergo at 12 months after 
surgery13.

Statistical methods
Categorical variables were presented in numbers (%), and continuous variables that 
followed a normal distribution were presented as mean and standard deviation (SD). 
Differences in patient characteristics that were present in both the DSAA-dataset and 
the administrative healthcare dataset were examined between the DSAA-dataset and 
administrative healthcare dataset stratified for EVAR and OSR using chi-square and Fisher 
exact tests when appropriate. Differences in continuous variables were examined between 
the groups by independent- samples t-tests. In order to evaluate the frequency and type 
of mid- term reinterventions (reinterventions within 12 and 15 months) following intact 
AAA repair, differences in the overall number of reinterventions within 12 and 15 months 
following EVAR and OSR were examined between EVAR and OSR, stratified for 12 and 
15 months, using chi-square and Fisher exact tests when appropriate. Similar analyses 
were performed to assess differences between EVAR and OSR within the categories of 
reinterventions.

9
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RESULTS

In total, 4 043 patients from 58 hospitals that underwent EVAR or OSR with infrarenal 
clamping for an intact infrarenal AAA between January 2017 and December 2018 were 
selected from the Dutch Surgical Aneurysm Audit and included in the DSAA-dataset 
(Figure 1). A total of 2 059 patients from 46 hospitals were identified in the administrative 
healthcare database. The specific healthcare activities that describe EVAR and OSR and 
which were used to construct the administrative healthcare dataset are described in
Table S1. In total, 3 372 patients that underwent EVAR were included in the DSAA-dataset, 
compared to 1 734 (51.4%) patients which were included in the administrative healthcare 
dataset. Furthermore, 671 patients that underwent OSR were included in the DSAA-dataset, 
compared to 325 (48.4%) which were included in the administrative healthcare dataset.

Figure 1: Flow chart of patients included in the DSAA dataset and administrative healthcare 
dataset
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Patient characteristics
Characteristics of the patients included in the DSAA-dataset, as well as the patient 
characteristics that are detailed in the administrative healthcare dataset, are shown in 
Table 1. No differences in age and sex were seen between patients included in the DSAA-
dataset and the administrative healthcare dataset.

9
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Reinterventions within 12 months and 15 months following EVAR and OSR
Table 2 shows an overview of the reinterventions detected within 12 and 15 months 
following EVAR and OSR. The percentages of reinterventions within 12 and 15 months 
following EVAR compared to OSR did not differ. More vascular reinterventions were 
detected within 12 months following EVAR compared to OSR (9.2% vs. 4.6%; p = 0.009). In 
addition, more abdominal reinterventions were detected within 12 months following OSR 
compared to EVAR (6.2% vs. 1.6%; p <0.001). Similar results were found when examining 
the reinterventions that occurred within 15 months.

Reinterventions within the subcategories and the identification of 
reinterventions in the administrative healthcare database
Tables 3A-E show an overview of subcategories of reinterventions and individual 
reinterventions within 12 and 15 months following EVAR and OSR. Table S2–6 show all 
healthcare activity codes that were selected from the administrative healthcare database.

Aneurysm related reinterventions
Table 3A shows the reinterventions that took place at the central vessels. In this category, 
21 healthcare activity codes that describe reinterventions at the central vessels were 
selected from the administrative healthcare database. From these healthcare activity codes, 
7 different healthcare activity codes were present in the administrative healthcare dataset, 
while some healthcare activity codes did not occur in this dataset. Most reinterventions 
that occurred within 12 months were registered in the subcategory ‘Reconstruction of the 
aorta or side branches’ (2.4% following EVAR, 1.2% following OSR).
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Peripheral vessel-related reinterventions
Table 3B shows the reinterventions that took place at the peripheral vessels. In total, 
15 healthcare activity codes that describe reinterventions at the peripheral vessels were 
selected from the administrative healthcare database. From these healthcare activity 
codes, 11 different healthcare activity codes were present in the administrative healthcare 
dataset.

Amputations
Amputations following AAA repair are shown in Table 3C. Four healthcare activity codes 
that describe amputations were selected from the administrative healthcare database. 
From these healthcare activity codes, 3 different healthcare activity codes were present 
in the administrative healthcare dataset. No amputations were detected following OSR

Other vascular reinterventions
Table 3D shows other vascular reinterventions. In this category, 5 healthcare activity 
codes that describe other vascular reinterventions were selected from the administrative 
healthcare database. All these 5 healthcare activity codes were present in the administrative 
healthcare dataset. Following EVAR, a percutaneous transluminal angioplasty for stenosis 
or occlusion was most common (3.1%) in the dataset that included reinterventions within 
12 months.

Abdominal reinterventions
Abdominal reinterventions are shown in Table 3E. In this category, 14 healthcare activity 
codes that describe abdominal reinterventions were selected from the administrative 
healthcare database. From these healthcare activity codes, 9 different healthcare activity 
codes were present in the administrative healthcare dataset. Following OSR, an exploratory 
laparotomy was most often present in both datasets representing reinterventions within 
12 and 15 months (4.6%).

9
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DISCUSSION

In this study, we evaluate the feasibility and the potential benefit of using administrative 
healthcare data as a source for mid-term outcomes for patients undergoing EVAR and 
OSR to evaluate reinterventions within 12 and 15 months following intact AAA repair. By 
first selecting patients that underwent an intact AAA repair from the DSAA, whereafter 
patients were selected from the administrative healthcare database, we could estimate 
the proportion of patients that were identified in the administrative healthcare database. 
Moreover, multiple detailed reinterventions were present in the administrative healthcare 
database, and thus, many reinterventions following intact AAA repair could be evaluated. 
However, within our study design, it was not possible to link the administrative healthcare 
data directly to the DSAA on a patient-level due to privacy restrictions.

Our study reported reintervention rates of 10.4% following EVAR and 9.5% following 
OSR within 12 months following AAA repair. Unfortunately, available follow-up data was 
limited, and therefore, we could not include reinterventions that occurred after 15 months 
following AAA repair. As far as we know, only one other quality registry, the Vascular 
Quality Initiative, in which hospitals participate electively14, has studied reinterventions 
following EVAR after linkage of Medicare claims data8,15 and another claims database16, and 
demonstrated a 1-year reintervention rate of 6% following EVAR8. Furthermore, a meta-
analysis reported higher long-term reinterventions rates following EVAR compared to 
OSR using data from 4 randomized controlled trials17. Another meta-analysis that included 
both RCTs and observational cohort studies reported long-term reintervention rates (5 
to 9 years) of 17.6% following EVAR and 14.9% following OSR4. However, interestingly, a 
population-based matched cohort study using administrative healthcare data described 
that long-term reintervention rates did not differ following EVAR and OSR18. Despite the 
considerable number of performed studies, the exact percentages of reinterventions in 
literature and our study are hardly comparable since each study used other criteria for 
describing reinterventions17 and reported other follow-up periods. Nevertheless, reporting 
reinterventions at the national level might be valuable to evaluate the nationwide impact 
of the reinterventions following EVAR and OSR, especially since reinterventions significantly 
raise the costs of AAA repair19,20. Although we could only report on a large sample of 
nationwide data within this study design, which had similar patient characteristics (age 
and sex) when comparing the administrative healthcare data with the DSAA, this study 
revealed that about 1 in 10 patients received a reintervention within 12 months following 
EVAR and OSR.

The development of quality registries should not be inherent with an increase in 
registration burden21. One advantage of adding administrative healthcare data to our 
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quality registry is that this method does not impose an extra registration burden on 
physicians since the administrative healthcare data is collected routinely within the 
hospital information systems22. However, within this pilot study, it was not feasible to link 
the administrative data to the DSAA patients due to privacy restrictions under Dutch law. 
Patients included in the DSAA are registered by all 58 hospitals that perform intact AAA 
repair in the Netherlands. Due to this high number of hospitals that register patients in 
the DSAA, we chose to examine the potential of adding healthcare administrative data 
to the DSAA. However, linkage of data, which could be achieved by asking permission 
to all 58 hospitals, will be needed to optimally use the additional information regarding 
reinterventions provided by the administrative healthcare data. With a linkage of the 
administrative healthcare dataset to the DSAA-dataset, it will be possible to examine 
whether specific patient or aneurysm-related factors registered in the DSAA are associated 
with particular reinterventions or reinterventions in general. Moreover, when evaluating 
the number of reinterventions following OSR compared to the number of reinterventions 
following EVAR, it will be necessary to adjust for potential confounders since the crude 
number of reinterventions might be influenced by selection bias22 as EVAR could be 
performed in patients that were unfit for OSR23 or had more comorbidities4. Therefore, 
the results of this study could serve as a preview of the additional information that could 
be added to the DSAA when a combined data source is available.

With a combined data source, further research could also focus on the percentages 
of reinterventions within 12 or 15 months per hospital. These percentages might be 
relevant feedback to hospitals since the percentage of reinterventions could reflect long-
term complication rates of individual hospitals. The individual hospital percentages of 
reinterventions could depend on local follow-up schemes to detect complications requiring 
a reintervention13 and the degree of failure of surveillance24. Therefore, it could be valuable 
to evaluate whether significant variation in the number of reinterventions between 
hospitals exists using funnel plots that detect hospitals performing below or above the 
national average percentage of reinterventions within 12 or 15 months. Interestingly, it 
has been studied that although patients that are compliant with surveillance following 
EVAR may have an increased reintervention rate, compliance with surveillance does not 
appear to be associated with survival25. More recently, no difference in overall survival was 
described between patients that underwent secondary intervention following a type 2 
endoleak and those who did not undergo secondary intervention13. Therefore, it would 
be interesting to examine the cause of increased reintervention rates in hospitals and to 
assess whether reinterventions influence long-term survival in future studies. Therefore, 
it would be interesting to examine the cause of increased reintervention rates in hospitals 
and to assess whether reinterventions influence long-term survival in future studies.
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Although healthcare administrative data is potentially valuable to add to our quality 
registry, it is important to realize that administrative data has several limitations. First, 
data validity is crucial when data is used for evaluating quality of healthcare26. Another 
study describing administrative data linkage with registry data validated whether 
reintervention rates following AAA repair were accurately reflected in the administrative 
healthcare data8. Due to the previously mentioned privacy restrictions, we could not 
verify whether the described reintervention rates correspond with the data as registered 
in hospital charts. However, Dutch routinely collected claims data was considered accurate 
for patients with an acute myocardial infarction12. Secondly, since all healthcare activity 
codes within 12 or 15 months following AAA-repair that occurred in the administrative 
healthcare database were included and no additional details were provided within the 
descriptions of the reintervention, we could not determine whether the reinterventions 
were related to complications of the AAA-repair, or whether the reinterventions were 
related to another complication. Moreover, due to the limited information included in the 
description of the reinterventions, we could not determine which specific complication 
caused the reintervention. Also, only patients who underwent a reintervention in the 
same hospital as where their primary AAA repair was performed could be identified in 
the administrative healthcare dataset. Although we hypothesized that most patients 
underwent a reintervention in the same hospital as their primary intervention, the 
administrative healthcare data potentially did not provide a complete overview of the 
number of reinterventions that occurred. The VQI, which indirectly linked their data with a 
claims database could not capture all reinterventions as well, since data on care performed 
at Veteran’s Association hospitals were not included in the claims database16.

Also, our study design has certain limitations. First, the administrative healthcare database 
has a near nationwide coverage which means that not all hospitals that perform AAA 
repair are present in the administrative healthcare dataset. Therefore, the results of our 
study represented a large sample from a nationwide cohort instead of a nationwide 
cohort. Secondly, extensive analysis examining the influence of patient characteristics 
on reintervention rates or analysis on when reinterventions occur was not possible since 
the administrative health- care data was not linked to the DSAA. Also, since there was no 
linkage of data, we could not verify whether reinterventions that were registered in the 
DSAA (reinterventions within 30 days) corresponded with reinterventions within 30 days 
that were registered in the administrative healthcare data. An important strength of this 
study was its simple study design in which the potential benefit of adding administrative 
health- care data retrospectively to the DSAA could be examined.

In conclusion, adding administrative healthcare data to the DSAA is potentially beneficial 
to evaluate mid-term reinterventions following intact AAA repair without increasing the 
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registration burden for clinicians. However, the administrative healthcare data should be 
linked with the DSAA to further validate this data before reliable implementation of this 
tool is warranted.
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SUPPLEMENTAL MATERIAL

Table S1: Overview of specific care activity codes that were used to construct the administrative 
healthcare database and number of patients that could be included

EVAR Number of 
patients

OSR Number of 
patients

Reconstruction of the 
aorta or side branches as 
renal arteries or iliac artery, 
endovascular aneurysm 
repair (33555)

1734 Reconstruction of the aorta or 
side branches as renal arteries 
or iliac artery, open repair 
(33554)

325
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GENERAL DISCUSSION

Quality registries, including the Dutch Surgical Aneurysm Audit (DSAA), reflect nationwide 
real-world treatment outcomes and can be used to evaluate and improve the actual quality 
of care1. Although randomised controlled trials (RCTs) are considered the gold standard to 
assess or compare two different treatment modalities, insights from quality registries can 
be complementary to RCTs, as RCTs do not always reflect clinical reality2. Therefore, this 
thesis aims to gain insight into the quality and true real-world outcomes of the current 
practice of aortic aneurysm treatment in the Netherlands. Furthermore, we investigated 
new opportunities to develop the DSAA further.

Abdominal aortic aneurysm treatment outcomes
One of the aims of the DSAA is to improve treatment outcomes over time. Therefore, since 
the introduction of the DSAA in 2013, hospital feedback on abdominal aortic aneurysm 
treatment outcomes has been provided using funnel plots that compare individual 
hospital results with the national average. In this thesis, we demonstrate that since 2014, 
several perioperative outcomes (mortality, major complications, and textbook outcome) of 
EVAR and OSR for intact AAA had improved, except for perioperative mortality following 
EVAR, which remained unchanged (Chapter 2). The perioperative mortality following OSR 
decreased, from 6.1% in 2014 to 4.7% in 2019, in line with rates described in international 
registries3. Although the exact cause of these improvements is hard to be determined as 
it is probably multifactorial, the establishment of the DSAA likely plays an important role 
in this improvement4.

RCT results can be misleading when applied in clinical reality due to an unrepresentative 
selection of patients. Therefore, we used data reflecting real-world results which could 
provide vital information when evaluating treatment outcomes for patients not included 
in RCTs. Octogenarians are barely enrolled in current RCTs5, while in our nationwide cohort 
study, +/- 25% of the patients that underwent EVAR had an age above 80. Moreover, we 
revealed that mortality rates of octogenarians following OSR exceeded 10%, especially 
when comorbidities were present. Interestingly, in the (small) group of octogenarians 
without comorbidities that underwent OSR, the mortality was only 3.6% (Chapter 3). In the 
literature, a meta-analysis that included octogenarians electively treated by OSR for an AAA 
reported a mortality of 7.5%6, and a study that showed the combined results of 11 vascular 
registries of intact aneurysm repair reported a mortality rate of 9.5%3. It should be realised 
that in an elective setting, the perioperative risks versus the risk of aneurysm rupture 
should be considered. Studies that examined the safety of surveillance for aneurysms 
up to 5.5 cm reported 30-day mortality rates of only 2.1% in the immediate repair group7 
and 5.5% in the early elective surgery group8, which is significantly lower compared to 
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our observations in octogenarians. Recently, a study reported annual rupture rates that 
were much lower than previously reported rates, including a 3-year cumulative incidence 
of rupture of 4.5% for men and 12.8% for women with AAA diameters between 6.1 and 
7.0 cm9. This poses the question whether current reported surgical risks for octogenarians 
are acceptable, especially for elderly patients with small aneurysm diameters with a low 
risk of rupture. Due to the high perioperative risks and relatively low risks of rupture, the 
threshold diameter for open surgical repair may need to be increased up to 6.5 or 7.0 cm in 
male octogenarians with comorbidities. Further research should be performed to examine 
the optimal cutoff point for aneurysm repair in male and female octogenarians with and 
without comorbidities while considering the risk of rupture, the patient’s estimated life 
expectancy, and perioperative risks.

Perioperative mortality rates of octogenarians following ruptured AAA repair are also 
substantial, especially following OSR, after which perioperative mortality rates of 50% 
are reported (Chapter 4). This percentage was in accordance with a recently published 
meta-analysis10. Our results following ruptured AAA repair could reflect selection bias 
since only patients who were stable enough to reach the hospital and underwent surgery 
are included in our registry. Moreover, patients with fragile preoperative conditions 
might not undergo surgery anymore. The potential selection bias was reflected in our 
multivariable analysis, which counterintuitively showed that factors such as ‘increased age’ 
and ‘elevated preoperative creatinine’ were associated with less mortality in octogenarians 
following OSR. For Dutch vascular surgeons, our results reflect the current national practice 
of treatment of octogenarians. This information could be a first step in evaluating the 
selection of octogenarians for surgery. However, turndown rates are not reported in the 
DSAA. Therefore, we could not gain insight into preoperative patient selection, which is 
essential to assess the entire selection process of octogenarians for surgery. Interestingly, 
a recent multi-centre cohort study from the Netherlands reported a turndown rate for 
ruptured AAA of only 29.9%. In comparison, a study including octogenarians receiving 
OSR from Japan reported a turndown of 54.7%11. Survival after aneurysm repair is not the 
sole parameter of clinical success. Therefore, mortality rates should be complemented 
by patient-centred outcomes such as health-related quality of life and postoperative 
living situations12. The measurement of quality of life in octogenarians requires further 
investigation since, in literature, information on the quality of life of octogenarians 
following ruptured AAA repair is not available12. Moreover, in elective patients, current 
aneurysm-specific questionaries measuring the quality of life following elective AAA 
require extension and further validation13.

Women have increased perioperative mortality rates following EVAR and OSR for an 
intact AAA14,15. This difference in mortality rates persists despite correction for well-known 
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patient-related factors16,17. Besides patient-related factors, factors on hospital level could 
affect treatment outcomes as well. However, it was not studied yet whether these factors 
may explain the difference in mortality rates between women and men. Chapter 5 show 
that even after correction for interhospital variation, the female sex was still associated with 
increased mortality following elective EVAR or OSR. Further in-depth studies on patient-
related factors, such as anatomical, genetic, and biological differences, are needed to 
identify potential declarations for this difference. This information could be collected by 
observational cohort studies that include longitudinal data, information on biomarkers, 
and imaging, such as the multicenter Dutch AAA bank18.

Since the introduction of EVAR in 1991, the number of patients treated by EVAR 
has increased, which resulted in a reduction in the number of performed OSR19,20. 
Consequently, concerns have arisen about whether the current number of performed 
OSRs is enough to achieve and maintain the best outcomes. In recent years, perioperative 
mortality rates following OSR decreased from 6.1% to 4.6% (Chapter 2), but a worrisome 
variation between hospitals is seen. Perioperative outcomes could be further improved 
by a reduction of complications. Following major vascular surgery, including OSR, EVAR, 
open lower extremity bypass graft, or lower extremity amputations, complications such 
as bleeding and pneumonia were found to have the most significant overall impact21. To 
provide more insight into the consequences of complications following OSR, we identify 
the complications that most affect the outcomes of perioperative mortality, secondary 
intervention, and prolonged hospitalisation for this group of patients. Bowel ischemia 
and renal complications had the highest impact on perioperative mortality, while arterial 
occlusion and bowel ischemia were shown to have the highest impact on secondary 
interventions. Pneumonia had the highest impact on prolonged hospital admissions 
(Chapter 6). Surgical quality improvement programs should prioritise the prevention of 
these complications.

Complex aortic aneurysm treatment outcomes
An increase in hospital volume has been shown to improve outcomes of basically all 
surgical procedures, including aortic interventions like open juxtarenal AAA repair22 and 
thoracoabdominal aortic aneurysm repair23,24. Previous studies reporting on a volume-
outcome relation in complex EVAR (FEVAR and BEVAR) did not show any hospital volume-
outcome relationship23,24. In Chapter 7, we report that perioperative mortality rates 
following FEVAR were 4.5%, and 5.2% following BEVAR. Moreover, we revealed that an 
increase in annual hospital volume of complex EVAR (FEVAR and BEVAR) was significantly 
associated with lower perioperative mortality. The nationwide design of our study was 
important in revealing the association between hospital volume and mortality as no 
minimum number of complex EVAR was required in the Netherlands during the study 
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period. Therefore, many low-volume hospitals were included in our study. The data 
from our research suggest that an annual hospital volume of less than 9 complex EVAR 
procedures is too low to expect satisfactory results, whereas an annual volume of at least 
13 complex EVAR procedures appears to result in better outcomes. However, in a spline 
diagram, the mortality reduction was even observed until 20 cases per year, suggesting 
that an annual volume requirement for complex EVAR procedures per hospital should be 
set around 20. The influence of surgeon volume could not be examined in our study, as this 
information is not registered in the DSAA. Recently, the Dutch Society of Vascular Surgery 
has decided to set minimum volume requirements for complex endovascular aneurysm 
treatment (at least 20 chimney EVAR, FEVAR, BEVAR, or TEVAR per year, or at least 10 per 
category)25. Interestingly, these volume thresholds of 10 and 20 per year do not fully match 
the results of our study as the types of surgery differ. The optimal threshold might vary 
between countries26–28 and might be influenced by surgeons’ learning curves. Therefore, it 
is important to continue investigating the volume-outcome associations of complex EVAR.

In contrast to the treatment results of abdominal aortic aneurysms, no RCTs have been 
performed to compare outcomes of OSR versus fenestrated EVAR and chimney EVAR 
for complex aortic aneurysms, including juxtarenal aortic aneurysms. A multicenter 
prospective registry in which patients received f/b-EVAR if they were considered at high 
risk for open surgery reported that there was no difference in 30-day mortality between 
f/b-EVAR and OSR29. In this thesis, it is reported that crude national perioperative mortality 
rates for juxtarenal AAAs were 6.6% following open surgical repair and 2.5% following 
complex endovascular repair, including fenestrated EVAR and Chimney EVAR. Also, after 
adjustment for confounders, there was more perioperative mortality after OSR compared 
with fenestrated and chimney EVAR for juxtarenal aortic aneurysms in an elective setting. 
In this study, using data from the DSAA, the choice of treatment modality was left to the 
preference of the local surgeon, similar to most other performed observational cohort 
studies. Therefore, some patients may have undergone endovascular treatment due 
to an ‘endovascular-first’ strategy of the hospital. In contrast, other patients may have 
been offered OSR because FEVAR/ChEVAR was not available in their hospital (Chapter 8). 
Another limitation of our study was the limited amount of anatomical aneurysm details 
included in the DSAA. The higher perioperative mortality following OSR in this thesis 
contrasts with the results of two meta-analyses that included case series and retrospective 
cohort studies. These meta-analyses showed no significant differences in early mortality 
between FEVAR and OSR30,31. The lack of differences in mortality in these meta-analyses 
was potentially caused by including patients in the endovascular group with more 
comorbidities. In addition, the meta-analyses reported that major complications occurred 
more often following OSR, which is in accordance with the results described in this thesis. 
The results of the meta-analyses were taken into account by the ESVS guideline, which 
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states that an endovascular solution with fenestrated endografts for juxtarenal aortic 
aneurysms should be considered the preferred treatment option when feasible32. However, 
since current observational cohort studies are all prone to selection bias, it should be 
realised that an RCT is needed to truly compare the treatment outcomes of FEVAR/ChEVAR 
versus OSR for juxtarenal AAAs.

New opportunities for feedback and outcome measurement and future 
perspectives for the Dutch Surgical Aneurysm Audit
Although various nationwide cohort studies were performed in this thesis using data from 
the DSAA, it should be realised that the principle aim of the Dutch Surgical Aneurysm Audit 
is to provide hospitals feedback using the principles of clinical auditing. Therefore, the 
amount of data to be registered is a consideration between the minimum required data 
needed for the clinical auditing process and more extensive data collection to register data 
that is useful for scientific purposes. Furthermore, although registering in the DSAA has 
made clinicians aware that their results could become public, which could have induced 
improvement the aneurysmal care, it is essential to think about the further development of 
the DSAA to achieve further improvement of both the monitoring and outcomes of aortic 
aneurysm care. For the further development of the DSAA, the following considerations 
should be taken into account.

Assessing the reliability of the data using data verification
Since data managers or clinicians register the data in the DSAA, it is essential that the 
registered data is verified to check whether it is complete and accurate. In the past (2015), 
data verification was performed manually by employees trained by DICA. In this data 
verification project performed in 14 out of the 60 participating hospitals, the completeness 
of the DSAA was evaluated, and the accuracy of data was assessed. The completeness of 
the registration was found to be 99.8%, while the accuracy on mortality and complications 
was 100% and 92.6%, respectively. Although this method for data verification had 
promising results, the technique was very time-consuming and expensive33. Therefore, a 
new automatic data verification method was applied recently. This method was based on 
detecting discrepancies between reimbursement data and the data as registered in the 
registries. Although this method has promising results, it is not yet performed in all DSAA 
hospitals, which should be improved in the future.

Decreasing the registration burden for clinicians
One of the biggest challenges of the DSAA is the registration burden for clinicians. 
Although electronic health records are implemented in all Dutch hospitals, most clinicians 
and data managers still have to fill in the DSAA registry manually, which is extremely 
time-consuming. The project ‘Registratie aan de bron’ evaluated whether information 
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that needs to be filled in in the DSAA is also registered in the electronic medical record 
systems and how this information is registered in several hospitals. Furthermore, it was 
examined whether the information registered in the quality registries could be translated 
into standardised definitions (‘zorginformatiebouwstenen’ (zibs)). In the near future, it 
should be discussed with all stakeholders (clinicians, hospitals, and suppliers of electronic 
medical records systems) how automatic registering in the DSAA and other registries could 
be implemented nationally34,35. Some hospitals have already implemented an automatic 
filling of the DSAA from their electronic medical record system. However, this filling often 
is not reliable enough.

Follow-up data in the DSAA
The DSAA includes perioperative outcomes that occur up to 30 days following surgery 
or during the same hospital admission. However, complications and reinterventions 
after this perioperative period are not scarce following EVAR and OSR36. As most patients 
survive multiple years following an AAA repair, reliable data on long-term results, 
especially the durability of EVAR are essential. Available data that evaluate mid and long-
term reinterventions especially describe data from randomized controlled trials or from 
observational studies that contain data from centres of excellence. A limited registration 
burden is crucial for quality registries, and therefore, we assessed the feasibility and 
potential benefit of using administrative healthcare data to evaluate the frequency 
and type of mid-term reinterventions following intact AAA repair. Detailed information 
regarding reinterventions was present in the administrative healthcare data, and thus, 
many reinterventions following intact AAA repair could be evaluated. Unfortunately, within 
our study design, it was not possible to link the administrative healthcare data directly to 
the DSAA on a patient level due to privacy restrictions (Chapter 9). Linkage of data from the 
DSAA with administrative healthcare data, which could be achieved by asking permission 
from all 58 hospitals that register their patients in the DSAA, will be needed to optimally 
use and validate the additional information regarding reinterventions provided by the 
administrative healthcare data. Moreover, future research should examine whether the 
percentages of reinterventions per hospital within 12 or 15 months following AAA repair 
are relevant information to use for feedback, as these percentages of reinterventions could 
depend on local follow-up schema to detect complications requiring a reintervention37 and 
the degree of failure of surveillance38. The reported reintervention rates of our study (10.4% 
following EVAR and 9.5% following OSR within 12 months following AAA repair) are hardly 
comparable with the data reported in the literature since each study used different criteria 
for describing reinterventions5. Nevertheless, reporting reinterventions at a national level 
might be valuable to evaluate the nationwide impact of reinterventions following EVAR 
and OSR, especially since reinterventions significantly raise the costs of AAA repair39,40.

11
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Providing feedback
Besides collecting data, data analysis is another important step in the clinical audit cycle41. 
The DSAA provides feedback using funnel plots that evaluate individual hospital clinical 
outcomes, including clinical outcomes of the last 36 months, against a yearly benchmark. It 
is challenging to determine whether hospital clinical outcome rates improve or deteriorate 
over shorter periods. When funnel plots include clinical outcomes from fewer patients 
due to a shorter period, the power of the funnel plots will decrease42. In industrial 
processes, real-time process control systems are widely applied. In medical contexts, the 
application of real-time process control, for example, the CUSUM method, is rising. The 
CUSUM method monitors real-time trends in outcome rates set off against control limits 
based on baseline data and adjusted for patients’ risk factors. With the application of 
control limits, the CUSUM method can distinguish common cause variation, which is the 
natural variation present in all outcome events, from special cause variation, which is an 
unexpected variation that could result from a system’s failure.

In this thesis, we describe how the CUSUM method could provide feedback to vascular 
surgeons that treat AAA patients using data from the DSAA. We found that median-sized 
hospitals with substantially deviating results were detected within two years using the 
CUSUM method (Chapter 10). Although a comparison of the statistical performance of 
the CUSUM with the funnel plots was not performed as the CUSUM method was not 
comparable with funnel plots, we assumed that CUSUM charts could complement the 
feedback provided by the currently used funnel plots. Physicians who register their patients 
in the DSAA already have access to the Codman Dashboard. This dynamic monitoring 
dashboard could be used to implement the Log-likelihood CUSUM for internal usage. 
Future research should examine whether implementing CUSUM charts would significantly 
improve outcomes.

Quality indicators
The quality of care can be improved by reducing variation in clinical outcomes between 
hospitals1. To encourage clinicians to improve the quality of their delivered care, the 
quality indicators used for feedback should be able to demonstrate significant variation 
in outcomes between hospitals. However, the DSAA indicators that report on the outcomes 
of AAA repair show limited variation in hospital results. Based on these results, it was 
concluded by the scientific committee of the DSAA that the quality of care as measured by 
current quality indicators is predominantly sufficient. However, it is questionable whether 
current quality indicators have enough power to detect actual significant differences 
between hospitals since patient numbers per hospital are relatively low42. When one of 
the funnel plots shows that the results of a hospital are significantly worse compared to 
the national average, the audit committee of the Dutch Society for Surgery (NVVH) can 
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decide to perform an audit. Through this audit, the hospital is encouraged to analyse 
patients who suffered from (major) complications or died perioperatively43.

To strive for further improvement, both hospitals with unacceptable and acceptable 
results could also be challenged more to improve their results, for example, by learning 
from best practices. One example of learning from each other is from the Dutch upper 
gastrointestinal surgeons. These surgeons organise best practice meetings annually. At 
these meetings, surgeons from all hospitals present their results using their quality registry 
and show used operative techniques, including video presentations. After this, an open 
discussion follows to improve each other’s operative techniques. It is expected that this 
program will lead to much improvement. However, the effectiveness of this program 
should be evaluated44.

Current quality indicators mainly provide feedback on perioperative outcomes. Therefore, 
the development of new quality indicators, for example, quality indicators that monitor 
perioperative processes, could be an option for further evaluation of the quality of 
aneurysm care. In addition, it should be discussed with vascular surgeons whether quality 
indicators reporting on long-term outcomes could have additional value in evaluating 
variation between hospitals. Recently, a linkage of DSAA data with data from VEKTIS that 
include long-term mortality has been completed for scientific purposes. Although these 
VEKTIS data still have disadvantages, such as missing data, it should be discussed whether, 
for example, 1-year mortality is helpful in monitoring the quality of aneurysmal care since 
many patients that undergo AAA surgery will die from other causes than the AAA45.

Case-mix correction for comparison of hospital performances
The characteristics of treated patients may differ between hospitals and could influence 
hospital results. Case-mix correction is ideally applied on quality indicators to adjust for 
these differences. However, case-mix correction should only adjust for relevant patient 
factors and patient factors that differ between hospitals46. In 2021, the scientific committee 
of the DSAA concluded that the applied case-mix correction on DSAA indicators (consisting 
of age, gender, cardiac comorbidity, pulmonary comorbidity, creatinine, and aneurysm 
diameter) did not represent the characteristics of the treated patients sufficiently, 
whereafter it was decided to remove the case mix correction from the quality indicators. 
Although the case-mix correction was extensively examined before implementation and 
was based on the V-POSSUM47, it would be valuable to evaluate which specific information 
was missing in the former case-mix correction to try to revise the case-mix correction 
model.
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Monitoring of hospital volumes and outcomes
In September 2022, the ‘Integraal zorgakkoord’ was published by the Dutch ministry 
of health48. In this paper, it is stated that in the near future, a volume requirement will 
be implemented. This volume requirement requires that hospitals have to perform 
50 up to 100 vascular procedures (treatment of abdominal aortic aneurysms, carotid 
endarterectomies, and surgical interventions for peripheral artery disease) annually to 
improve the quality of care. The DSAA could be an ideal database to evaluate nationwide 
AAA outcomes after the implementation of the volume requirements and to monitor 
changes in numbers and outcomes of AAA treatment per hospital.

Comparing our national results with international collaborations
Comparing our results with the results of registries in other countries could be valuable 
to put the Dutch nationwide results in an international perspective. VASCUNET is an 
international collaboration of vascular quality registries49 and has performed several 
studies, for example, on regional differences in patient selection50. One of the challenges 
for performing valid comparisons between different countries is the heterogeneity 
between data sets51. To be able to perform valid comparisons between different countries, 
definitions of outcomes and other variables should be harmonized. VASCUNET has planned 
to launch a project in order to reduce this heterogeneity. Moreover, it should be realised 
that most quality registries do not have nationwide coverage, and not all are verified, which 
could induce selection bias contrary to the DSAA.

‘Samen beslissen’ using the Codman Dashboard
Besides stimulating quality improvement, the Dutch Institute for Clinical Auditing strives 
to use the data of the quality registries to support the clinical decision-making process for 
patients and clinicians. Recently, a dashboard has been developed for patients suffering 
from colorectal tumours52. With this dashboard, patients can be informed by their clinicians 
about the results of patients with similar characteristics to compare their treatment options. 
A similar dashboard could be helpful for patients suffering from an AAA. However, for 
patients considering treatment for an AAA or a conservative approach, it should be realised 
that with current DSAA data, the choice between an aortic intervention versus watchful 
waiting can not be supported with data as only patients who receive an intervention are 
registered in the DSAA. Moreover, the DSAA might not be suitable yet to support clinical 
decision-making between treatment with EVAR versus OSR, as the reason for the choice for 
EVAR or OSR, including anatomical details, is not registered in the DSAA. This is essential 
information as the choice for EVAR or OSR also depends on patient-specific aneurysmal 
characteristics since not all patients are suitable to be treated with EVAR.
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CONCLUSIONS

This thesis shows that the DSAA provides valuable insights into the quality and true real-
world outcomes of the current practice of aortic aneurysm treatment in the Netherlands. 
Our results include the outcomes of octogenarians additional to existing RCTs, show an 
improvement in treatment outcomes over time, and reveal a volume-outcome relationship 
for complex EVAR. Moreover, our results show the impact of complications following OSR, 
demonstrate the outcomes of OSR versus complex EVAR for juxtarenal AAs, demonstrate 
the feasibility and potential benefit of administrative healthcare data to evaluate mid-term 
reinterventions, and identify the value of providing real-time feedback to hospitals using 
CUSUM charts. It is essential to think about the next steps of the DSAA to achieve further 
improvement in the monitoring and outcomes of aortic aneurysm care.
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SUMMARY IN ENGLISH

In this thesis, the quality and real-world outcomes of aortic aneurysm treatment in the 
Netherlands are examined as well as new opportunities to develop the DSAA further.

Part 1: Abdominal aortic aneurysm treatment outcomes
In Chapter 2 the nationwide trends in perioperative outcomes of patients who underwent 
endovascular aneurysm repair (EVAR) or open surgical repair (OSR) for an intact abdominal 
aortic aneurysm (AAA) between 2014 and 2019 are provided. This information shows that 
for EVAR patients, perioperative mortality did not improve, while major complications 
decreased, and textbook outcome rates increased. For OSR patients, the perioperative 
mortality rates, as well as major complications, decreased, while the proportion of patients 
that achieved textbook outcome increased. Furthermore, the study shows that over the 
years, more patients with a cardiac comorbidity underwent treatment.

As a result of an aging population, and increasing possibilities for treatment with EVAR, 
the number of patients over 80 years (octogenarians) being treated is increasing. The 
perioperative outcomes of octogenarians vs. non-octogenarians who underwent EVAR 
and OSR for an intact AAA in a nationwide cohort are reported and the influence of 
comorbidities on perioperative mortality is studied in Chapter 3. Octogenarians had 
higher mortality and major complication rates following EVAR and OSR than younger 
patients. In octogenarians that underwent OSR, perioperative mortality rates exceeded 
10%, especially when comorbidities were present.

A ruptured abdominal aortic aneurysm is a lethal condition, especially in older patients. In 
Chapter 4, we have evaluated the perioperative outcomes of EVAR or OSR for a ruptured 
AAA in octogenarians. We found that perioperative mortality rates of octogenarians were 
high (37% following EVAR and 50% following OSR). However, a substantial percentage 
of octogenarians had an uneventful recovery (31% following EVAR, 21% following OSR). 
Cardiac comorbidity, pulmonary comorbidity, and loss of consciousness at presentation 
were associated with perioperative mortality in octogenarians. Interestingly, female 
octogenarians had lower mortality rates following EVAR than male octogenarians.

In Chapter 5, it is discussed whether confounding factors at hospital level may declare the 
difference in mortality rates between women and men in patients that underwent EVAR 
and OSR for an intact AAA. It is shown that even after adjustment for patient and hospital-
related factors, female sex was still significantly associated with higher perioperative 
mortality.
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A reduction of complications can further improve perioperative outcomes following 
OSR. In Chapter 6, it is identified that bowel ischemia and renal complications had the 
highest impact on perioperative mortality, while arterial occlusion and bowel ischemia 
had the highest impact on secondary interventions. Pneumonia had the highest impact 
on prolonged hospital admissions.

Part 2: Complex aortic aneurysm treatment outcomes
Endovascular treatment with fenestrated (FEVAR) or branched (BEVAR) EVAR is increasingly 
used for excluding complex aortic aneurysms (complex AAs). Nationwide perioperative 
outcomes following FEVAR and BEVAR and whether an association between hospital volume 
and perioperative mortality exists for patients treated with these endovascular treatment 
modalities are examined in Chapter 7. First, it is reported that the perioperative mortality was 
4.5% following FEVAR and 5.2% following BEVAR. Secondly, we have revealed that perioperative 
mortality decreased when the annual volume of a hospital increases: perioperative mortality 
was 9.1% in hospitals with a volume of <9 and 2.5% in hospitals with a volume of ≥13.

The outcomes of open surgical repair (including suprarenal clamping) versus complex EVAR 
(chimney EVAR and FEVAR) for elective juxtarenal aneurysms are studied in Chapter 8. Our 
research shows that even after adjusting for confounders, patients treated with OSR had higher 
perioperative mortality rates and more major and minor complications than patients treated 
with complex EVAR.

Part 3: New opportunities for feedback and outcome measurement
Multiple complications and reinterventions occur after 30 days following EVAR and open 
surgical repair. However, in our nationwide registry, only complications and reinterventions 
that occur within 30 days are registered. In Chapter 9, the feasibility and potential benefit of 
using administrative healthcare data to evaluate mid-term reinterventions following intact AAA 
repair are assessed, since a limited registration burden for clinicians is essential. We found that 
administrative healthcare data is potentially beneficial for evaluating mid-term reinterventions. 
However, within our study design, the administrative healthcare data could not be directly 
linked with the DSAA due to privacy restrictions. Linkage is needed to validate the data further.

In Chapter 10, the value of providing real-time feedback to hospitals on their clinical outcomes 
using Log-likelihood cumulative sum control (CUSUM) charts is examined. The number of 
treated patients that is needed to detect hospitals with a deviating risk in the achievement of 
textbook outcome is evaluated. It appeared that median-sized hospitals with deviating results 
were detected within two years using CUSUM charts. The feedback from CUSUM charts that 
evaluate performances ongoing complements the feedback provided by the currently 
used funnel plots.
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In dit proefschrift worden de kwaliteit en ‘real-world’ uitkomsten van de aorta aneurysma 
behandelingen in Nederland onderzocht. Ook worden nieuwe mogelijkheden voor de 
doorontwikkeling van de Dutch Surgical Aneurysm Audit (DSAA) onderzocht.

Deel 1: Behandel uitkomsten van het abdominale aorta aneurysma
In Hoofdstuk 2 worden de nationale trends in perioperatieve uitkomsten onderzocht 
van patiënten die een endovasculaire (EVAR) of open chirurgische behandeling voor een 
intact abdominaal aorta aneurysma (AAA) hebben ondergaan gedurende de periode 2014 
tot en met 2019. De resultaten tonen dat in de groep patiënten die een endovasculaire 
behandeling ondergingen de perioperatieve mortaliteit niet verbeterde, maar dat voor 
deze groep het percentage grote complicaties afnam, en het percentage ‘Textbook 
Outcome’ toenam. In de groep patiënten die een open chirurgische behandeling 
ondergingen nam zowel de perioperatieve mortaliteit als het percentage grote 
complicaties af, terwijl het percentage ‘Textbook Outcome’ toenam. Daarnaast laten de 
resultaten zien dat gedurende de studieperiode, het aantal patiënten met een cardiale 
comorbiditeit dat een behandeling onderging toenam.

Doordat de Nederlandse bevolking veroudert, en de mogelijkheden voor een 
endovasculaire behandeling van een AAA zijn toegenomen, neemt het aantal patiënten 
van 80 jaar of ouder (tachtigplussers) dat behandeld wordt voor een AAA toe. In Hoofdstuk 
3 worden de perioperatieve uitkomsten van tachtigplussers versus tachtigminners die 
een endovasculaire behandeling danwel een open chirurgische behandeling voor een 
intact AAA ondergingen weergegeven. Daarnaast wordt de invloed van comorbiditeiten 
op de perioperatieve mortaliteit onderzocht. Tachtigplussers hebben een hogere 
mortaliteit en krijgen meer grote complicaties na een endovasculaire en open chirurgische 
behandeling dan jongere patiënten. De perioperatieve mortaliteit van tachtigplussers 
met comorbiditeiten die een open chirurgische behandeling ondergingen is zelfs meer 
dan 10%.

Een gebarsten AAA is vaak dodelijk, vooral voor oudere patiënten. In Hoofdstuk 4, worden 
de perioperatieve uitkomsten weergegeven van tachtigplussers die een endovasculaire 
danwel open chirurgische behandeling ondergaan vanwege een geruptureerd AAA. 
De resultaten laten zien dat de perioperatieve mortaliteit van tachtigplussers hoog is 
(37% na EVAR, 50% na een open chirurgische behandeling). Een substantieel deel van 
de tachtigplussers heeft echter een herstel zonder significante tegenslagen. Het hebben 
van een cardiale comorbiditeit, pulmonale comorbiditeit, en bewustzijnsverlies bij 
presentatie op de spoedeisende hulp is geassocieerd met perioperatieve mortaliteit bij 
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tachtigplussers. Het is opmerkelijk dat in de groep tachtigplussers die EVAR ondergingen, 
vrouwen een lagere mortaliteit hadden mannen.

In Hoofdstuk 5 wordt onderzocht of confounders op ziekenhuisniveau het verschil 
in mortaliteit tussen vrouwen en mannen die behandeld worden voor een intact AAA 
kunnen verklaren. Het blijkt dat zelfs na correctie voor patiёntfactoren en confounders 
op ziekenhuisniveau, het vrouwelijke geslacht nog steeds geassocieerd is met een hogere 
perioperatieve mortaliteit.

Een reductie van complicaties kan de perioperatieve uitkomsten na een open chirurgische 
behandeling verder verbeteren. In Hoofdstuk 6 wordt getoond dat darmischemie en 
renale complicaties de meeste impact op perioperatieve mortaliteit hebben, terwijl een 
arteriële occlusie en darmischemie de meeste impact hebben op re-interventies. Een 
pneumonie heeft de meeste impact op een verlengde opnameduur in het ziekenhuis.

Deel 2: Behandel uitkomsten van complexe aorta aneurysma
Een endovasculaire behandeling met gefenestreerde (FEVAR) of branched (BEVAR) 
EVAR wordt steeds vaak toegepast om complexe aorta aneurysmata uit te schakelen. 
In Hoofdstuk 7 worden de nationale perioperatieve uitkomsten na FEVAR en BEVAR 
weergegeven. Daarnaast wordt onderzocht of er een associatie tussen het jaarlijks 
ziekenhuisvolume en perioperatieve mortaliteit bestaat. Het blijkt dat de perioperatieve 
mortaliteit na FEVAR 4.5%, en na BEVAR 5.2% is. Daarnaast wordt gezien dat de 
perioperatieve mortaliteit daalt wanneer het jaarlijks ziekenhuisvolume toeneemt: de 
perioperatieve mortaliteit was 9.1% in ziekenhuizen die jaarlijks <9 operaties uitvoeren, 
terwijl de perioperatieve mortaliteit 2.5% was in ziekenhuizen die jaarlijks ≥13 operaties 
uitvoeren.

In Hoofdstuk 8 worden de uitkomsten onderzocht van een open chirurgische 
behandeling (door middel van het plaatsen van een suprarenale klem) versus een 
complexe endovasculaire behandeling middels chimney EVAR en FEVAR bij patiënten 
die in electieve setting worden behandeld aan een juxtarenaal aneurysma. Er wordt 
getoond dat, zelfs na het corrigeren voor confounders, patiënten die behandeld worden 
middels een open chirurgische behandeling een hogere perioperatieve mortaliteit, en 
meer grote en kleine complicaties hebben dan patiënten die behandeld worden middels 
een complexe endovasculaire behandeling.

Deel 3: Nieuwe mogelijkheden voor feedback en het meten van uitkomsten
Veel complicaties en re-interventies treden op na de eerste 30 dagen na een endovasculaire 
behandeling danwel open chirurgische behandeling. In de DSAA, onze nationale 

12



278

Chapter 12

kwaliteitsregistratie, worden echter alleen de complicaties en re-interventies die binnen 30 
dagen na de behandeling plaatsvinden geregistreerd. Omdat een beperkte registratielast 
voor clinici essentieel is, wordt in Hoofdstuk 9 de haalbaarheid en het mogelijke voordeel 
van het gebruik van administratieve data onderzocht om hiermee de re-interventies die 
op de middellange termijn plaatsvinden te evalueren. Er wordt getoond dat het gebruik 
van administratieve data mogelijk nuttig kan zijn om re-interventies die op middellange 
termijn plaatsvinden te evalueren. Vanwege privacy restricties was het binnen de gebruikte 
onderzoeksopzet niet mogelijk om de administratieve data te koppelen aan de DSAA. Voor 
het valideren van de administratieve data is een koppeling van de data echter nodig.

In Hoofdstuk 10 wordt de waarde onderzocht van het verschaffen van real-time feedback 
aan ziekenhuizen over hun klinische uitkomsten met behulp van CUSUM-kaarten. Er 
wordt onderzocht hoeveel patiënten behandeld moeten worden om ziekenhuizen met 
een afwijkend risico in het behalen van ‘Textbook Outcome’ op te sporen. Het blijkt 
dat ziekenhuizen van een mediane grootte met afwijkende resultaten binnen 2 jaar 
opgespoord worden wanneer de CUSUM-kaarten worden gebruikt. De feedback van de 
CUSUM-kaarten die continu prestaties evalueren is een aanvulling op de feedback die 
verschaft worden met behulp van de funnel plots die op dit moment gebruikt worden.
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