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General introduction, aim and outline of the thesis

Ever since the publication of the Institute of Medicine reports entitled ‘To Err is Human’ 

in 1999 and ‘Crossing the Quality Chasm’ in 2001, improving the quality of healthcare 

has been high on the political agenda in many Western countries.1, 2 In the Netherlands 

too, professional associations of medical specialists have initiated quality improvement 

initiatives. One of these initiatives is the nationwide registration of vascular surgical 

patients, initiated by the Association of Vascular Surgeons in the Netherlands (Neder-

landse Vereniging voor Vaatchirurgie: NVVV), a subassociation of the Dutch Association 

of Surgeons (Nederlandse Vereniging voor Heelkunde: NVVH).3, 4

On the initiative of the NVVV and facilitated by the Dutch Institute for Clinical Audit-

ing (DICA), the Dutch Surgical Aneurysm Audit (DSAA) started up in 2012 and has 

been fully operational since 2013.5 From this audit, casemix adjusted outcomes of 

abdominal aortic aneurysm surgery can be calculated, with the objective of quality 

improvement by providing benchmarked feedback to the vascular teams in the par-

ticipating hospitals. All vascular centres in the Netherlands participate. Registration 

of operated patients is mandatory and quality indicators of the Dutch Health Care 

Inspectorate (Inspectie Gezondheidszorg en Jeugd: IGJ) were generated directly from 

this audit.6 Other stakeholders who contributed to the development of the DSAA were 

health care insurers and patient associations.7 The previous quality indicators of the 

Inspectorate have been combined with new quality indicators, which can be seen 

in the transparency portal of DICA (https://dica.nl/dsaa/documenten). Insurers were 

interested in the comparison of hospital outcomes, for the purpose of the ‘’selective 

purchasing’’ of care. Patient associations (Harteraad) intended to use the information 

to assist individual patients in choosing a hospital.7 In addition, the Dutch National 

Health Care Institute (Zorginstituut Nederland: ZIN) was interested in the effectiveness 

of endovascular aneurysm treatment (EVAR) in relation to the classic open repair (OR), 

and the development and implementation of volume standards for ruptured abdominal 

aortic aneurysm (AAA) surgery.8

Measuring health Care Quality in the netherlands
Registries have become an inherent part of the quality policy of professional organi-

zations in the Netherlands. Traditionally, the quality instruments used by the NVVH 

encompassed the initial and continuing training of surgeons, the development of 

evidence-based guidelines, and external peer-review of surgical departments. Over 

the past decade, quality standards, certifi cation in surgical specialties (e.g. vascular 

surgery) and nationwide surgical audits have been added to the quality policy of the 

NVVH.9
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Comparing the adjusted outcomes of hospital surgical departments may stimulate 

providers to improve their practice.10, 11 The results of these comparisons can be used 

primarily for internal quality improvement projects, and subsequently, where appropri-

ate, to improve transparency for the public.12 It is suggested that they may also be 

used for negotiations with health insurance companies for the selective purchasing of 

hospital health care.12

The NVVV has collaborated with the vascular patient society and the IGJ to develop 

a set of outcome measures, i.e. the “quality indicators of care”.3, 6, 7 Structural and 

process parameters have also been developed (see Table 1). The aim was to develop 

quality indicators that described the minimum necessary qualifications for a surgical 

team to perform AAA surgery in the Netherlands.13 The development of quality indica-

tors is a continuous process, in which this set is now adapted and can be seen in the 

DICA portal. Only the outcome indicators are left for hospital comparisons.

Table 1. Yearly/Annual quality measurements of Dutch Surgical Aneurysm Audit [2014]

Structure indicators:

the number of patients who underwent primary elective AAA surgery per hospital.

the availability of an aneurysm intervention team. [Cardiologist specialised in cardiovascular 
risk management, internal vascular specialist, neurologist, two certified vascular surgeons, the 
number of certified endovascular specialists e.g. intervention radiologist or vascular surgeon]

certified specialists in vascular/endovascular surgery. [available 24/7]

the presence of a weekly multidisciplinary meeting to discuss vascular patients, the results of 
which are registered in the electronic patient file.

file documented information is handed over to every patient prior to an AAA operation

every abdominal aortic aneurysm patient may ask their question by phone during office hours 
and will receive an answer on that same day.

EVAR procedures are performed by an endovascular specialist

Process indicators:

percentage of primary elective AAA patients discussed in a multidisciplinary team 
preoperatively.

percentage of primary AAA patients of whom all necessary variables are fully registered in the 
Dutch Surgical Aneurysm Audit.

Outcome indicators:

percentage mortality of primary [elective or acute, EVAR or OSR] patients within 30 days or 
during hospital stay.

percentage complications of primary [elective or acute, EVAR or OSR] patients within 30 days or 
during hospital stay.

percentage reinterventions of primary elective AAA patients.

percentage readmissions of primary elective AAA patients within 30 days..
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An important possible indicator is hospital volume. There is substantial evidence for 

an association between the volume of AAA surgery per hospital and postoperative 

mortality.14 However, there is no clear volume cut-off, but outcomes tend to improve 

exponentially up to 20 operations per year.15 In the Netherlands, a minimum of 20 

elective operations per year has been set as one of the quality standards for elective 

AAA surgery.6 The volume indicator results from vascular surgery departments in the 

Netherlands can be derived directly from the DSAA.

Challenges in measuring quality of health care
There are several potential problems in comparing the outcomes of health care provid-

ers; so providers may be mistakenly identified as underperforming hospitals or the 

discriminating ability of the outcome indicator is only minor and non-significant.

The first problem is the possible difference in hospital casemix. Therefore, risk adjust-

ment for these casemix variables is necessary.16

The second problem is the statistical uncertainty (random error), if the number of 

patients or number of events is low.16 Hopefully, a minimum annual volume for each 

hospital and the inclusion of several consecutive years in the analysis helps to over-

come this issue.

Thirdly, the question arises whether the chosen outcome indicator (e.g. mortality) is a 

satisfactory indicator of hospital quality. Other factors, such as patient-reported out-

come measurements or composite measures such as textbook outcome (TO), or failure 

to rescue (FTR) could be more informative.17-19

Fourthly, the chosen observation period of in- hospital and/or 30 days in the DSAA has 

its limitations. For example, the outcome of EndoVascular Aneurysm Repair (EVAR) may 

be less favorable than open surgical repair (OSR) on long-term follow -up.20

The aim of this thesis is to investigate the following questions:

1.	 What are the results of AAA surgery in the Netherlands in general and what are the 

results of a single hospital compared to the national mean?

2.	 How important is case mix correction? Which models or variables should we use?

3.	 What are the true advantages of EVAR and is there any relation with preference for 

EVAR and outcome of EVAR and OSR?

4.	 Should mortality be the main outcome variable? What is the value of composite 

outcome indicators?
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Outline of the thesis
The DSAA registers preselected variables for quality indicators and casemix variables 

for risk-adjustment and has been developed to measure and compare the risk-adjusted 

outcomes of hospitals.4

In Chapter 2 the design and the initial results of the first 2 years of registration in the 

DSAA by every hospital in the Netherlands performing AAA surgery are described.21 

Results were compared with other registries, e.g. SWEDVASC and Medicare.22, 23 Col-

laboration for purposes of international comparison between several registries has 

already been initiated.24 However, differences in definitions of elective or urgent care, 

type of reporting, starting point, follow-up, and the voluntary character of these regis-

tries hamper comparisons.

Casemix adjustment
In Chapters 3 and 4 the importance of risk-adjustment on casemix variables when 

investigating hospital variation is addressed.25, 26 Hospitals may have population differ-

ences regarding patient- and disease-specific variables that are of influence on mortal-

ity.27 Examples of patient- and disease-specific variables are age, gender, co-morbidity, 

laboratory results, physiologic parameters, and planned or unplanned surgery.26, 28 

Only variables that influence outcome but are not associated with the hospital can be 

used for risk-adjustment for hospital comparisons.16 One variable of special interest 

is the type of procedure performed (EVAR or OSR). Because of the specific aneurysm 

configuration and patient factors it is decided by the vascular team which treatment to 

use, but this also depends on local expertise and infrastructure. The preference of the 

vascular team can therefore not be used for risk-adjustment.

In Chapter 3 existing mortality risk prediction models for AAA surgery are compared.26 

Predicting mortality after aneurysm surgery is complex and may vary depending on 

emergency setting (acute ruptured, acute symptomatic (non-ruptured) or planned 

surgery), type of procedure (EVAR or OSR), and differences related to the timeline, 

populations or regions that are under analysis.24 For example, prediction models devel-

oped before the introduction of EVAR have become less suitable for clinical practice.29 

Generalisability and the number of variables used continue to be a subject of debate. 

In Chapter 4 it is argued that only a limited number of casemix variables might be 

necessary for the prediction of mortality.25 Currently, the DSAA includes the variables 

based on V-POSSUM.28 This has resulted in a rather extensive set of variables with 

a major registration burden. In Chapter 4 we aim to determine the minimum set of 

meaningful variables required to effect risk-adjusted hospital comparisons.
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Comparing outcome of EVAR with OSR
EVAR in elective AAA surgery results in a lower perioperative mortality than OSR 

(DREAM trial30, EVAR 1 trial31, OVER trial32). However, one study (ACE 1 trial33) found 

similar results for OSR and EVAR in a group of low - to moderate risk patients only. 

Almost 80% of patients undergoing elective infrarenal AAA can be treated by EVAR, 

which is leading to a decline in operative experience of OSR in lower volume hospi-

tals.34, 35 This might become a confounding factor and it implies that the operative 

technique, often used for risk-stratification and risk-prediction, cannot be used for 

casemix correction. In observational research patient and/or treatment selection can 

bias the results. Randomised trials do not have this bias but often contain a selected 

group of patients group what does not take into account treatment preference and/

or competence of the surgeon and does not completely reflect clinical practice. This 

affects the generalisability.36 To overcome confounding factors affecting the choice 

of treatment, regression- or propensity score analyses have been proposed, in order 

to adjust for know confounders.37 Another technique to deal with measurable and 

also unmeasurable confounders is the instrumental variable analysis or ecological 

analysis.36, 37 This analysis, Chapter 5, works under the assumption that the choice of 

treatment is not determined by patient characteristics, prognosis or by differences in 

other aspects of surgical care.36-38

Composite outcome measures
Besides mortality, also other outcome measures are registered in the DSAA: complica-

tions, prolonged hospital stay, reinterventions and readmissions.

Failure to Rescue (FTR) is an example of a composite outcome measure, which is 

presented in Chapter 6.39 FTR measures the consequences of complications after 

surgery.40 Because FTR seems to be more closely related to hospital structure and 

processes, it could be a useful additional quality indicator to mortality and major 

complication rates.41, 42

Another example of a relatively new composite outcome measure in vascular surgery is 

“textbook outcome”, which represents in short a hospital stay after surgery without any 

adverse event.43 More comprehensive summative outcome measures such as textbook 

outcome have proven to be of additional value to the more detailed individual quality 

indicators.44

Moreover, composite outcome measures, also used in colorectal and gastro-esopha-

geal cancer surgery, result in higher percentages of event rates, what usually leads to a 

better discriminatory ability in the evaluation of hospital performances.18, 45
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Adjusted Hospital Outcomes of AAA Surgery in the DSAA

AbStRACt

background:
The Dutch Surgical Aneurysm Audit (DSAA) is mandatory for all patients with primary 

abdominal aortic aneurysms (AAAs) in the Netherlands. The aims are to present the 

observed outcomes of AAA surgery against the predicted outcomes by means of V-

POSSUM (Vascular-Physiological and Operative Severity Score for the enUmeration 

of Mortality and Morbidity). Adjusted mortality was calculated by the original and 

re- estimated V(physiology)-POSSUM for hospital comparisons.

Material and Methods:
All patients operated on from January 2013 to December 2014 were included for 

analysis. Calibration and discrimination of V-POSSUM and V(p)-POSSUM was analysed. 

Mortality was benchmarked by means of the original V(p)-POSSUM formula and risk-

adjusted by the re-estimated V(p)-POSSUM on the DSAA. 

Results:
In total, 5898 patients were included for analysis: 4579 with elective AAA (EAAA) and 

1319 with acute abdominal aortic aneurysm (AAAA), acute symptomatic (SAAA; n = 

371) or ruptured (RAAA; n = 948). The percentage of endovascular aneurysm repair 

(EVAR) varied between hospitals but showed no relation to hospital volume (EAAA: 

p = .12; AAAA: p = .07). EAAA, SAAA, and RAAA mortality was, respectively, 1.9%, 

7.5%, and 28.7%. Elective mortality was 0.9% after EVAR and 5.0% after open surgical 

repair versus 15.6% and 27.4%, respectively, after AAAA. V-POSSUM overestimated 

mortality in most EAAA risk groups (p < .01). The discriminative ability of V- POSSUM 

in EAAA was moderate (C-statistic: .719) and poor for V(p)-POSSUM (C-statistic: .665). 

V-POSSUM in AAAA repair overestimated in high risk groups, and underestimated 

in low risk groups (p < .01). The discriminative ability in AAAA of V-POSSUM was 

moderate (.713) and of V(p)-POSSUM poor (.688). Risk adjustment by the re-estimated 

V(p)-POSSUM did not have any effect on hospital variation in EAAA but did in AAAA.

Conclusion:
Mortality in the DSAA was in line with the literature but is not discriminative for hospital 

comparisons in EAAA. Adjusting for V(p)-POSSUM, revealed no association between 

hospital volume and treatment or outcome. Risk adjustment for case mix by V(p)-

POSSUM in patients with AAAA has been shown to be important.
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Introduction

Auditing hospital outcomes after surgery is a powerful tool with which to monitor 

healthcare quality.1 In the Netherlands several audits for surgical outcomes have been 

developed in cooperation with the Dutch Institute for Clinical Auditing. These audits, 

meant to improve healthcare, are developed in agreement with several stakeholders, 

such as insurance companies and the health inspectorate of the ministry of healthcare. 

Complete registration of data with a minimum of missing values and a motivated 

administrative culture are essential for robust and accurate conclusions for healthcare 

quality.2 Therefore, a reduced set of preoperative patient -or disease related variables, 

easy to register, is desirable, especially as not every variable registered and of influ-

ence on mortality, needs to be included for casemix adjustment.3,4

The web based Dutch Surgical Aneurysm Audit (DSAA), introduced in 2012 and man-

datory since 2013, registers all primary abdominal aortic aneurysm (AAA) operations 

in the Netherlands.

Because baseline characteristics of populations may differ between hospitals, with 

concomitant differences in outcome, risk adjustment by patient and disease specific 

characteristics for outcome measurement is necessary.5 This can be achieved by using 

pre-operative variables of influence on the outcome.6 Numerous models predicting 

mortality by pre- or perioperative variables have been developed for aneurysm surgery. 

Only a few of them have been validated multiple times and are therefore considered as 

accurate, such as the Glasgow Aneurysm Score (GAS) or the Vascular Biochemistry and 

Haematology Outcome Model (VBHOM).7,8

The Physiological and Operative Severity Score for the enUmeration of Mortality 

and Morbidity (V-POSSUM) is a well known peri-operative mortality risk prediction 

model.9,10 However, the operative variables included in the model are not suitable 

for adjustment to compare hospitals because they are, to a large extent, dependent 

on surgical care, such as, for example, blood loss. The “physiology-only” score of 

V-POSSUM (V(p)-POSSUM) only contains patient and disease specific characteristics, 

which can be suitable as casemix information for hospital comparisons.

Since the introduction of endovascular aneurysm repair (EVAR) mortality has decreased 

in elective AAA surgery (EAAA); however, the advantage of EVAR over open surgical 

repair (OSR) in ruptured abdominal aortic aneurysm (RAAA) suggested in observational 

studies has not been confirmed in randomised trials.11-18 An explanation for differences 

between observational research and randomised trials could be selection bias.16,19 
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Large registries, of consecutive patients undergoing surgery for acute aneurysms, 

might add insight to this issue. However, the results from national registries can be 

difficult to compare owing to differences in prevalence of RAAA in countries with 

screening programs, the percentage that refrains from operative repair of RAAA, and 

the variation in percentage of EVAR implemented.20-22

The aim of this study was to report the first results of auditing AAA surgery in the Neth-

erlands. Post-operative mortality was the primary outcome parameter. As a secondary 

outcome parameter, variations in the implementation of EVAR and the possible as-

sociation with volume were investigated. The performance of V-POSSUM, as prediction 

model, was assessed. For casemix correction hospital outcomes were compared and 

adjusted with the original V(p)- POSSUM and the re-estimated V(p)-POSSUM on the 

DSAA population.

Material and Methods

Clinical data
The DSAA is a mandatory, nationwide, population and web based database with de-

tailed patient, diagnostic, procedural, and outcome data of all patients with a primary 

infra- or juxtarenal AAA operation in the Netherlands. Under Dutch law, no ethical ap-

proval or informed consent was required. In 2017 a project will be initiated to validate 

the existing data set. Patients prospectively registered in the DSAA, operated on for 

an AAA between 1 January 2013 and 31 December 2014 were included for analysis. 

Excluded were patients with secondary or revision surgery, surgery of highly complex 

aneurysm (suprarenal and thoraco-abdominal), and mycotic or infected aneurysms.23 

Furthermore, patients with incomplete data concerning date of birth, date of surgery, 

survival state, setting, or type of procedure (EVAR/OSR) were excluded (see “Results”, 

subsection “Baseline characteristics”). Patient and treatment characteristics were 

described. Procedure for analysis, other than baseline, was calculated following “inten-

Table 1. Formula for the calculation of the POSSUM scores

Model Scoring algorithm + formula

Risk prediction V-POSSUM
(ln(R/1-R))=-8.0616 + (0.1552 * physiologic score) + 
(0.1238*operative score)

R=1/(1+e^-(-8.0616 + (0.1552 * physiologic score) + 
(0.1238*operative score)))

Risk adjustment V(p)-POSSUM (ln(R/1-R))=-6.0386 + (0.1539 * physiologic score)

R=1/(1+e^-(-6.0386 + (0.1539 * physiologic score))
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tion to treat” analysis and the percentage of EVAR (EVAR/(EVAR + OSR)) was tested for 

the association with hospital volume. For hospital comparisons two groups of patients 

were analysed: EAAA and AAAA.

AAAA was defined as either acute non-ruptured without extravasation needing surgery 

within 24h after presentation (SAAA), or ruptured with extravasation requiring immedi-

ate surgery (RAAA).

Clinical outcomes
The primary outcome measure was 30 day or in hospital mortality. A sub-analysis was 

performed, when appropriate, by year of registration. Other outcome measurements 

were peri- and post-operative complications, any re-interventions, and length of hos-

pital stay. Peri-operative complications were cardiopulmonary resuscitation, unplanned 

closure of a hypogastric artery, and visceral and renal injury. Postoperative complica-

tions concerned bleeding defined as blood loss needing surgery or blood transfusion; 

colonic ischaemia; arterial occlusion; paralysis; prosthesis associated issues (migration, 

infection, any endovascular leakage); abscess, defined as an abscess of the inguinal 

wound; abdominal wound or intra-abdominal wounds; visceral complications (colonic 

or splenic); wound dehiscence; ileus; colostomy; major amputation; or profound wound 

infections and cardiopulmonary complications; renal insufficiency; neurological or 

thromboembolic complications; and infections other than surgical site or pulmonary in-

fections not directly related to the surgical procedure. Because readmission could only 

be registered as an optional choice of the DSAA survey it was analysed when registered.

Prediction by V-POSSUM and adjustment by V(p)-POSSUM
The V-POSSUM (operative and physiological score) and V(p)- POSSUM (only physi-

ological score) were calculated using the following variables: (i) physiological (age, 

cardiac comorbidity, pulmonary comorbidity, electrocardiogram status, systolic blood 

pressure, pulse rate, haemoglobin, leukocytes, urea (calculated from creatinine), 

sodium, potassium, Glasgow Coma Scale); (ii) operative (operation severity [severity 

of procedure] was calculated as “major” for every procedure -EVAR and OSR- in ac-

cordance with the available literature], number of procedures, perioperative blood 

loss, peritoneal contamination, malignancy status and setting [EAAA, SAAA, or RAAA]). 

Calculations for the V-POSSUM and V(p)-POSSUM were performed using the formulas 

shown in Table 1.9,10,24.25 Predicted mortality was calculated using the exponent of the 

V-POSSUM in the following formula:9

Mortality = 1/1 + exp -(V-POSSUM or V(p)-POSSUM)
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Mortality risk prediction
The observed mortality was compared with the expected (or predicted) mortality by 

V-POSSUM using the Hosmer and Lemeshow test,9,10 which indicates a good calibra-

tion when not significant.9,26 This goodness of fit statistic is computed as the Pearson 

chi-square from the contingency table of observed and expected (predicted) frequen-

cies after having grouped the observations into deciles based on the predicted prob-

abilities. The null hypothesis states that there are no systematic differences between 

observed and expected counts in different severity classes. The main idea behind this 

test statistic is the more closely the predicted and the observed frequencies match, the 

better the fit. Differences between observed and expected were shown in a bar plot 

in terms of percentages. The expected mortality was also calculated for the different 

procedures and compared with the observed mortality, tested according to the Fisher’s 

combined probability test. As described earlier, two groups of patients were analysed: 

EAAA and AAAA. Combining the two patient groups having acute surgery was neces-

sary in order to have an adequate sample size for the acute setting. When appropriate 

SAAA and RAAA were analysed separately.

Performance comparison
To compare the mortality between centres, an unadjusted funnel plot was constructed. 

Next, the adjusted mortality, based on the V(p)-POSSUM as casemix adjustment, was 

computed in a funnel plot to compare the performance of hospitals in the DSAA with 

the original British population (benchmark) on which V(p)-POSSUM was constructed. 

Note that V(p)-POSSUM was used rather than V-POSSUM, because the former is based 

on pre-operative patient characteristics (physiology parameters) only. Finally, V(p)- 

POSSUM was used as a casemix variable by fitting a logistic regression model on the 

DSAA data. This allowed a risk-adjusted comparison to be made between the centres 

in the DSAA. All results are shown in funnel plots as the (effective) hospital volume 

versus the standardised mortality rate (i.e., the ratio of observed to expected events), 

together with 95% confidence intervals (CIs).

In the funnel plots two 95% CIs are reported. The orange narrow one represents a 95% 

CI that can be used to test the performance of any particular hospital. A hospital that 

actually performs exactly according the national average will still have 5% probability 

of falling outside this funnel (i.e., false positive). The wider, red 95% CI is corrected 

for multiple comparisons by using the Bonferroni correction. This means that if, for 

example, all hospitals perform exactly according to the national average, then there is 

a 5% probability that at least one of them will fall outside the red, wider funnel.
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Missing data presented as “missing values” in the baseline tables were allocated to 

the normal category in V- POSSUM.27 Normality for continuous variables was tested by 

the Kolmogorov-Smirnov test and rejected when p < .05. Medians are presented with 

an interquartile range; means are presented with a SD. Analysis was performed in SPSS 

version 23.0 (IBM, Armonk, NY, USA).

Results

Baseline characteristics
A total of 5979 patients had primary AAA surgery and were registered in the DSAA 

during the study period in 65 hospitals. Patients with specific missing data, as is 

specified above under “Clinical data” (n = 81; 1.4%), were excluded. Of the remaining 

5898 patients, 4579 patients had EAAA surgery (77.6%) and 1319 patients had AAAA 

surgery (RAAA surgery [n = 948; 16.1%] and SAAA surgery [n = 371; 6.3%]). Almost 

three quarters of the EAAA patients (74.8%) were treated primarily by EVAR (74.5% 

were completed by EVAR [0.3% converted to OSR]). The majority of AAAA patients 

received OSR (60.7%). In the subgroup of patients with SAAA, 53.6% had EVAR (0.8% 

converted to OSR) versus 33.8% in patients with RAAA (1.4% converted to OSR). The 

converted EVAR were analysed as EVAR according the “intention to treat” principle. 

General baseline characteristics used for V-POSSUM are shown in Tables 2, 3 and 4.

Clinical outcomes

Procedure
The variation in percentage of EVAR performed was wide. In the majority of hospitals 

>50% of EVAR were performed in patients with EAAA (range 13-100%) There was no 

association between hospital volume and the percentage of EVAR performed (p = .12). 

High AAAA volume hospitals had a greater preference for EVAR compared with low 

volume hospitals, but this was not significant (range 0- 100%; p = .07).

Mortality
The overall 30 day or in hospital mortality after EAAA surgery was 1.9% versus 7.5% 

after SAAA and 28.7% after RAAA surgery. EAAA mortality in 2013 and 2014 was 

comparable (1.9% and 2.0%, respectively). Mortality for AAAA was higher in 2013 than 

in 2014 in both settings (8.6% vs. 6.8% after SAAA and 34.8% vs. 23.8% after RAAA). 

The overall mortality after AAAA surgery was 22.7% (15.6% after EVAR vs. 27.4% after 

OSR). EVAR in EAAA showed a mortality rate of 0.9% and OSR a mortality rate of 5.0%. 

Mortality by procedure and setting is presented in Table 5.
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Table 2. Baseline clinical characteristics

Setting EAAA SAAA RAAA

Patients (n) 4 579 371 948

Patient characteristics

Gender. Male (%. 95%CI) 86.8 (83.4-87.8) 81.9 (78.0-85.8) 85.6 (85.8-87.8)

Age. Mean ± SD (years) 73 ± 7.7 73 ± 8.8 74 ± 8.4

Diameter. Median (IQR) (mm) 58 (55-64) 66 (55-80) 78 (65-90)

Missing n(%) 107 (2.3) 8 (2.2) 60 (6.3)

Heart frequency median (IQR) (BPM) 72 (63-81) 79 (69-87) 83 (70-100)

Missing n(%) 359 (7.8) 49 (13.2) 131 (13.8)

Systolic blood pressure median (IQR) (mmHg) 140 (127-152) 144 (127-160) 107 (84-135)

Missing n(%) 278 (6.1) 42 (11.3) 91 (9.6)

Comorbidity

Cardiac comorbidity (%. 95%CI)

None 46.2 (44.8-47.6) 44.5 (39.4-49.6) 40.1 (37.0-43.2)

Peripheral oedema 8.1 (7.4-9.0) 5.9 (3.2-7.8) 6.4 (4.8-8.0)

Elevated CVP 1.4 (1.1-1.7) 2.2 (0.7-3.7) 1.2 (0.5-1.9)

Antihypertensive medication 38.6 (37.2-10.0) 39.4 (34.4-44.4) 28.8 (26.0-31.7)

Missing 5.7 (5.0-6.4) 8.1 (5.3-10.9) 23.5 (20.8-26.2)

Pulmonary comorbidity (%. 95%CI)

None 75.4 (74.2-76.6) 73.9 (69.4-78.4) 59.9 (56.8-63.0)

Dyspnoea during exercise 19.3 (18.2-20.4) 14.8 (11.2-18.4) 15.3 (13.0-17.6)

Invalidating dyspnoea 2.7 (2.2-3.2) 1.9 (0.5-3.3) 2.8 (1.8-3.9)

Dyspnoea during rest/fibrosis 1.1 (0.8-1.4) 1.6 (0.3-2.9) 2.1 (1.2-3.0)

Missing 1.4 (1.1-1.7) 7.8 (5.1-10.5) 19.8 (17.3-22.4)

Malignancy (%. 95%CI)

None 80.4 (79.3-81.6) 88.9 (85.7-92.1) 87.1 (85.0-89.2)

Primary only 4.2 (3.6-4.8) 2.2 (0.7-3.7) 2.3 (1.4-3.3)

Lymph node metastasis 13.9 (12.9-14.9) 7 (4.4-9.6) 7.2 (5.6-8.9)

Distant metastasis 0.6 (0.4-0.8) 1.1 (0.0-2.2) 0.7 (0.2-1.2)

Missing 1 (0.7-1.3) 0.8 (-0.1-1.7) 2.6 (1.6-3.6)

95% CI: p +- (1.96*(SQRT(p*(1 - p))/n)), where p = proportion and n = sample size. EAAA = elective ab-
dominal aortic aneurysm; SAAA = symptomatic abdominal aortic aneurysm; RAAA = ruptured abdominal 
aortic aneurysm; CI = confidence interval; IQR = interquartile range; bpm = beats per min; SBP = systolic 
blood pressure; CVP = central venous pressure.
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Table 3. Baseline characteristics: diagnostics

EAAA SAAA RAAA

Patients (n) 4 579 371 948

Diagnostics

Laboratory results (median. IQR)

haemoglobin (mmol/L) 8.8 (8.1-9.3) 8.4 (7.5-9.2) 7.4 (6.4-8.3)

missing n(%) 104 (2.3) 7 (1.9) 36 (4.0)

leucocytes (*10^9/L) 7.9 (6.6-9.6) 9.0 (7.4-12.0) 12.8 (9.9-16.4)

missing n(%) 1727 (37.7) 40 (10.8) 90 (9.5)

sodium (mmol/L) 140 (138-141) 138 (136-140) 138 (135-140)

missing n(%) 387 (8.4) 13 (3.5) 58 (6.1)

potassium (mmol/L) 4.2 (4.0-4.5) 4.1 (3.8-4.5) 4.0 (3.7-4.4)

missing n(%) 288 (6.3) 12 (3.2) 60 (6.3)

creatinin (micromol/L) 90 (77-108) 85 (70-110) 108 (86-133)

missing n(%) 121 (2.6) 14 (3.8) 56 (5.9)

GCS (%. 95%CI)

15 90.8 (90.0-91.7) 92.2 (89.0-94.5) 60.9 (57.7-63.9)

12 - 14 0 1.9 (0.5-3.3) 15.3 (13.1-17.7)

9 - 11 0 0 3.7 (2.5-4.9)

<9 0 0.5 (-0.2 to 1.2) 6.9 (5.3-8.5)

missing 9.2 (8.4-10.0) 5.4 (3.5-8.2) 13.3 (11.3-15.6)

ECG (%. 95%CI)

normal 60.7 (59.3-62.1) 50.1 (45.1-55.2) 32 (29.1-35.0)

atrial fibrillation 60-90 BPM 7.1 (6.4-7.9) 6.5 (4.4.9.4) 5.2 (3.9-6.8)

Ischaemia 21.8 (20.6-23.0) 26.4 (22.2-31.1) 17.6 (15.3-20.2)

missing 10.4 (9.6-11.3) 17 (13.5-21.1) 45.3 (42.1-48.3)

95% CI: p+- (1.96*(SQRT(p*(1 - p))/n)), where p 1= proportion, n = sample size, SQRT = square root. Data 
are median (IQR) unless otherwise indicated. EAAA = elective abdominal aortic aneurysm; SAAA 1= symp-
tomatic abdominal aortic aneurysm; RAAA = ruptured abdominal aortic aneurysm; GCS = Glasgow Coma 
Scale; CI = confidence interval; ECG = electrocardiography; bpm = beats per min.
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Morbidity
Twenty-three percent (n = 1068) of patients with EAAA had a peri-operative and/or 

post-operative complication. Patients receiving EVAR had fewer complications than 

those undergoing OSR (16.1% vs. 44.8%). Almost 39% (n = 144) of the patients with 

SAAA had one or more peri- and/or post-operative complications versus 69.2% (n 

= 656) of the RAAA patients. Patients undergoing OSR had a higher percentage of 

complications than those undergoing EVAR (Tables 5 and 6).

In general, after OSR, there were more complications than after EVAR. Cardiopulmo-

nary complications accounted for the most post-operative problems, especially with 

OSR.

Table 4. Baseline characteristics (continued): operative

EAAA SAAA RAAA

Patients (n) 4 579 371 948

Treatment

Procedure (%. 95%CI)

EVAR Completed 74.5 (73.2-75.8) 52.8 (47.7-57.9) 32.4 (29.4-35.4)

EVAR Converted 0.3 (0.1-0.5) 0.8 (-0.1 to 1.7) 1.4 (0.7-2.2)

Open 25.2 (23.9-26.5) 46.4 (41.3-51.5) 66.2 (63.2-69.2)

No. Procedures (%. 95%CI)

>2 1.4 (1.1-1.7) 0.5 (-0.2 to 1.2) 2.1 (1.2-3.0)

Perioperative blood loss (%. 95%CI)

≤ 100ml 22.0 (20.8-23.2) 13.7 (10.6-17.6) 7.1 (5.6-8.0)

101-500ml 23.8 (22.6-25.0) 24.3 (19.9-28.7) 12.1 (10.0-14.2)

501-999ml 6.1 (5.4-6.8) 12.1 (8.8-15.4) 4 (2.8-5.2)

≥ 1000ml 12.5 (11.5-13.5) 21 (16.9-25.2) 40.8 (37.7-43.9)

Missing 35.6 (34.2-37.0) 28.8 (24.5-33.7) 36 (33.0-39.1)

Peritoneal contamination (%. 95%CI)

None 95.2 (94.6-95.8) 93 (90.4-95.6) 76.3 (73.6-79.0)

Fluid 0.5 (0.3-0.7) 3 (1.3-4.7) 5.3 (3.9-6.7)

Abscess 0 1.1 (0.0-2.2) 0.3 (-0.0 to 0.7)

Peritonitis 0.3 (0.1-0.5) 1.3 (0.2-2.5) 14.8 (12.5-17.1)

Missing 4 (3.4-4.6) 1.6 (0.3-2.9) 3.5 (2.3-4.7)

95% CI: p +- (1.96*(SQRT(p*(1 -p))/n)), where p = proportion, n = sample size, SQRT = square root. Data 
are % (95% CI).
EAAA = elective abdominal aortic aneurysm; SAAA = symptomatic abdominal aortic aneurysm; RAAA = 
ruptured abdominal aortic aneurysm; CI = confidence interval; EVAR = endovascular aneurysm repair.
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In OSR for EAAA 5.2% of the patients versus 0.2% in EVAR had renal failure; the major-

ity of these patients (4.6% and 0.1%, respectively) were temporarily dialysed. In the 

AAAA group most patients had renal failure after RAAA and OSR (18.0%). Patients 

undergoing EVAR had the most unplanned occlusions of the hypogastric artery during 

RAAA surgery (3.2%).

Re-interventions occurred more frequently after OSR than after EVAR (EAAA 10.7% 

vs. 2.5%; SAAA 7.0% vs. 9.3%; RAAA 12.8% vs. 20.7%). A total of 88.5% of patients 

with EAAA, treated with EVAR, were discharged within 5 days, and 85.8% of patients 

undergoing OSR were discharged after >5 days; 19% of the patients undergoing OSR 

remained in hospital for >14 days. The majority of patients with RAAA and SAAA, 

treated by EVAR, were discharged within 14 days (12.3% remained in hospital), while 

38% of the patients undergoing OSR remained in hospital for > 14 days.

The variable “readmission” was recorded in 3471 (75.8%) patients with EAAA and 

994 (75.4%) patients with AAAA. Of those with EAAA, 6.5% were readmitted: 6.2% 

after EVAR and 7.1% after OSR. In the AAAA group the majority of patients were not 

Table 5. Outcome after AAA repair by procedure.

EAAA SAAA RAAA

EVAR OSR EVAR OSR EVAR OSR

Patients (n) n=3 426 n=1 153 n=199 n=172 n=320 n=628

Outcome
% 
(95% CI)

% 
(95% CI)

% 
(95% CI)

% 
(95% CI)

% 
(95% CI)

% 
(95% CI)

Mortality 
(in- hospital or <30-days)

0.9 
(0.6-1.3)

5.0 
(3.9-6.5)

5.0 
(2.7-9.0)

10.5 
(6.8-16.0)

22.2 
(18.0-27.1)

32.0 
(28.5-35.8)

Perioperative complications
4.1 
(3.4-4.8)

6.5 
(5.2-8.1)

5.5 
(3.1-9.6)

9.9 
(6.3-14.3)

13.8 
(10.4-18.0)

21.8 
(18.8-25.2)

Postoperative complications
12.5 
(11.4-13.6)

42.9 
(40.1-45.8)

27.6 
(21.9-34.2)

44.2 
(37.0-51.7)

49.5 
(44.1-55.0)

72.6 
(69.0-75.9)

Reinterventions
2.5 
(2.0-3.1)

10.7 
(9.0-12.6)

7.0 
(4.2-13.9)

9.3 
(5.8-14.6)

12.8 
(9.6-16.9)

20.7 
(17.7-24.0)

Hospitalstay >14 days 2.5 19.0 6.0 26.2 16.3 41.2

Hospitalstay >10 days 3.6 33.3 10.1 43.0 25.9 55.1

Hospitalstay >5 days 11.5 85.8 34.2 93.6 54.4 73.1

Hospital readmissiona 6.2 7.1 11.3 9.1 10.3 4.5

95% CI: p+- (1.96*(SQRT(p*(1 -p))/n)), where p = proportion, n = sample size, SQRT = square root. EAAA 
= elective abdominal aortic aneurysm; SAAA = symptomatic abdominal aortic aneurysm; RAAA = rup-
tured abdominal aortic aneurysm; EVAR = endovascular aneurysm repair; OSR = open surgical repair; CI 
= confidence interval. 
aMissing values excluded because not in short survey.
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readmitted to the hospital (92.5%). Readmissions occurred twice as often after EVAR as 

after OSR (10.7% vs. 5.5%).

Risk prediction V-POSSUM
Predicted or expected mortality for EAAA by V-POSSUM showed significant miscali-

bration with observed mortality (Hosmer-Lemeshow p < .01; as reported in Fig. 1A). 

The observed mean mortality for EVAR differed significantly from that predicted (p < 

.01): 0.9% (95% CI 0.6-1.3) and 3.5% (95% CI 2.9-4.1), respectively. Also, the mean 

predicted mortality for EVAR was lower than for OSR. Observed mortality after OSR 

was 5% and predicted by V-POSSUM to be 5.3% (95% CI 4.1-6.6; p = .65), as shown 

in Table 7. The overall p value calculated with the Fisher’s combined probability test 

showed a significant difference in observed versus expected mortality (p < .001). The 

discriminative ability of V-POSSUM was moderate (C-statistic = .719).

The observed mortality for AAAA surgery by V-POSSUM showed significant miscalibra-

tion (Hosmer-Lemeshow p < .01) compared with the predicted mortality (Fig. 1B). The 

observed mortality for RAAA was 22.2% (EVAR) versus 32.0% (OSR) and for SAAA 

5.0% (EVAR) versus 10.5% (OSR). As reported in Table 7, predicted mortality was 6.9% 

(95% CI 3.6-10.2) for EVAR and 9.1% (95% CI 5.0-13.1) for OSR in patients with SAAA, 

implying there were no significant differences between the observed and predicted 

percentages. However, the predicted mortality in RAAA was 21.4% (95% CI 17.4-25.3) 

for EVAR and 28.6% (95% CI 25.5-31.7) for OSR, which differed significantly from the 

observed mortality (p = .03). The overall p value by Fisher’s combined probability test 

showed a non-significant difference in observed versus expected mortality (p = .16). 

The discriminative ability of V-POSSUM was moderate (C-statistic = .713).

Table 7 Observed- and predicted mortality (V-POSSUM) for AAA patients

Procedure Setting Observed Predicted Lower PI Upper PI P -value

EVAR EAAA 0.88 3.52 2.91 4.12 < 0.01

OSR EAAA 5.03 5.32 4.08 6.56 0.65

EVAR SAAA 5.03 6.88 3.55 10.21 0.28

OSR SAAA 10.47 9.06 5.00 13.13 0.50

EVAR RAAA 22.19 21.39 17.44 25.34 0.70

OSR RAAA 32.01 28.58 25.52 31.65 0.03

PI = prediction interval; EVAR = endovascular aneurysm repair; EAAA = elective abdominal aortic aneu-
rysm; OSR = open surgical repair; SAAA = symptomatic abdominal aortic aneurysm; RAAA = ruptured 
abdominal aortic aneurysm.
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Figure 1. (A) The percentage observed mortality compared with the percentage expected mortality 
by V-POSSUM in deciles in elective AAA.

Figure 1. (B) The percentage observed mortality compared with the percentage expected mortality 
by V-POSSUM in deciles in acute AAA patients (e.g., symptomatic abdominal aortic aneurysm and 
ruptured abdominal aortic aneurysm patients).
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Risk adjustment V(p)-POSSUM: hospital comparison
The V(p)-POSSUM showed a moderate discriminative ability of 0.665 in patients with 

EAAA and 0.688 in patients with AAAA. Unadjusted mortality is shown in Fig. 2A and 

B for patients with EAAA and AAAA, respectively.

In both EAAA and AAAA, mortality was low and there was no evidence of over or under-

performance of certain centres. In Fig. 3A the EAAA DSAA population was compared 

with the reference population (i.e., UK) on which the V(p)- POSSUM was calibrated. A 

much lower mortality was seen in the DSAA population, especially in the EVAR group, 

as reported in Table 7. In Fig. 3B the AAAA DSAA population is compared with the 

reference population (i.e., UK) on which the V(p)-POSSUM was calibrated. There was 

a higher mortality in the DSAA population with respect to the reference population. 

Finally, in Fig. 4 (A, B) the risk adjusted comparison of all centres in the EAAA DSAA 

and AAAA DSAA is shown. While for patients with EAAA there is no under- or over 

performance, in AAAA there is no evidence of under performance for any centre either, 

except for one hospital, which showed a signifi cantly better performance after multiple 

testing.

Figure 2. (A) The unadjusted standardised mortality ratio (SMR) (y-axis) of hospital mortality for elec-
tive abdominal aortic aneurysm patients. The x-axis describes the effective sample size, which takes 
into account the precision of the estimation of expected events, in this case the actual sample size. 
The expected number of events defi ned as the national average. The orange and red lines are 95% 
confi dence intervals (CIs). The green line resembles ‘SMR = 1’ when observed divided by expected 
is the same.
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Figure 2. (B) The unadjusted SMR (y-axis) of hospital mortality for acute abdominal aortic aneurysm 
patients. The x-axis describes the effective sample size, which takes into account the precision of the 
estimation of expected events, in this case the actual sample size. The expected number of events 
defi ned as the national average. The orange and red lines are 95% CIs. The green line resembles 
‘SMR = 1’ when observed divided by expected is the same.

Figure 3. (A) The adjusted standardised mortality ratio (SMR) (y-axis) of hospital mortality for elec-
tive abdominal aortic aneurysm patients by V(p)-POSSUM benchmarked on the UK. The x-axis de-
scribes the effective sample size, which takes into account the precision of the estimation of expect-
ed events by V(p)-POSSUM. The expected numbers of patients are calculated by hospital based on 
the variables included in V(p)-POSSUM. The green line resembles ‘SMR = 1’ when observed divided 
by expected is the same.
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Figure 3. (B) The adjusted SMR (y- axis) of hospital mortality for acute abdominal aortic aneurysm 
patients by V(p)-POSSUM benchmarked on the UK. The x-axis describes the effective sample size, 
which takes into account the precision of the estimation of expected events by V(p)-POSSUM. The 
expected numbers of patients are calculated by hospital based on the variables included in V(p)-
POSSUM. The orange and red lines are both 95% confi dence intervals. The green line resembles 
‘SMR = 1’ when observed divided by expected is the same.

Figure 4. (A) The adjusted standardised mortality ratio (SMR) (y-axis) of hospital mortality for elec-
tive abdominal aortic aneurysm patients by V(p)-POSSUM re-estimated on the Dutch Surgical An-
eurysm Audit (DSAA). The x-axis describes the effective sample size, which takes into account the 
precision of the estimation of expected events. The orange and red lines are both 95% confi dence 
intervals (CIs). The green line resembles ‘SMR = 1’ when observed divided by expected is the same.
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dISCuSSIOn

The 30 day or in hospital mortality of 1.9% for elective AAA surgery in the Dutch 

Surgical Aneurysm Audit is comparable with other European registries. For example, 

the Swedish and UK elective populations reported mortality percentages of 1.5% 

and 2.4%, respectively.21,23,28 With the Dutch mandatory minimum volume of 20 AAA 

operations per year per centre set by the Dutch Healthcare Inspectorate, mortality was 

not a discriminative outcome parameter between hospitals in the DSAA, as almost all 

unadjusted and adjusted observations were within the 95% CI. Patients with SAAA 

appear to be very different from those with EAAA, indicated by the mortality rate of 

7.5%. The international reported mortality rate for acute symptomatic, non-ruptured 

aneurysms ranges between 11% and 18%.29 Mortality after RAAA surgery in the DSAA 

was also comparable with mortality after RAAA in the Swedvasc (18% after EVAR, 32% 

after OSR in 2013).30 The mortality after EAAA EVAR was lower than after OSR in the 

DSAA and comparable with the UK data.28 However, mortality after OSR in the DSAA 

(5%) compared less favourable with other registries, such as Swedvasc, which reported 

3.2% mortality after OSR in their yearly report.30 Patients undergoing OSR had a higher 

predicted mortality than those undergoing EVAR, which might be an indication of more 

comorbidities and also of more peri-operative blood loss.

Figure 4. (B) The adjusted standardised mortality ratio (SMR) (y- axis) of hospital mortality for acute 
abdominal aortic aneurysm patients by V(p)-POSSUM re-estimated on the DSAA. The x-axis de-
scribes the effective sample size, which takes into account the precision of the estimation of ex-
pected events. The orange and red lines are both 95% CIs. The green line resembles ‘SMR = 1’ 
when observed divided by expected is the same.
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The mortality after EVAR in patients with RAAA was lower compared to OSR, while 

most RAAA patients were treated with OSR. The mortality differences between OSR 

and EVAR, as in other observational studies, indicate that selection bias (i.e., different 

case mix) and a weighed choice of treatment could be responsible for this observation. 

The lower predicted mortality in patients undergoing EVAR compared with those un-

dergoing OSR might indicate that patients undergoing EVAR had fewer comorbidities, 

less perioperative blood loss, or both. So, when comparing the results after EVAR and 

OSR there is at least some selection bias.16 Conclusions about whether EVAR is a better 

operative technique cannot be made from this analysis.

The V-POSSUM is one of the most frequently validated mortality risk prediction models 

in the literature. Because all V-POSSUM variables were implemented in the DSAA, 

mortality risk adjustment by V(p)-POSSUM, containing only the pre-operative variables, 

could be performed easily. Risk adjustment of outcomes in the DSAA by, for example, 

V(p)- POSSUM, in order to compare hospital performances is not performed by other 

registries, such as Swedvasc. They do not risk adjust their yearly outcomes by case 

mix, which makes comparisons between registries difficult. Interestingly, in the DSAA, 

risk adjustment by V(p)-POSSUM for EAAA did not influence hospital variation, even 

after re-estimation on the Dutch population. This might be caused by the relatively low 

event rate of the outcome “mortality”. Perhaps compound measurements can be the 

key when comparing hospital outcomes. Examples are “failure to rescue”, the number 

of patients that die as a result of complications, and “textbook outcome”, the ideal 

healthcare pathway for every patient.31,32 Risk adjustment for AAAA did change the 

position on the y-axis of every hospital, showing the effect of differences in case mix 

on mortality and the necessity for risk adjustment.

Missing data
Missing data are a well- known and common problem in registries.2 To maintain data 

quality, there are several ways of dealing with missing data. It is possible for instance, 

to exclude patients that miss relevant data, to choose imputation of the mean or use 

multiple imputation.27,33 Although missing values are an unwanted outcome, the effect 

on hospital outliers is only relevant in low volume hospitals.34 Missing data in the DSAA 

were scarce and exceeded the 20% for leukocytes in EAAA, which may be a non-

routinely measured variable in patients who undergo AAA surgery. For peri-operative 

blood loss, data were missing in >25% in every setting. Therefore, the percentage 

of missing values could indicate poor administrative performance, and a decrease in 

the number of missing values might therefore be used as a quality indicator when 

comparing hospitals.
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Clinical outcomes
It has been suggested that only specialised centres with appropriate expertise should 

perform EVAR. However, there is no significant variation in the outcome of EAAA 

between hospitals in the DSAA. Furthermore, there was no relationship between 

the percentage of EVAR performed and hospital volume in the DSAA, as well as no 

association between hospital volume (minimum volume of 20 patients per year) and 

outcome mortality in both EAAA and AAAA. In the DSAA almost three quarters of the 

patients with EAAA were treated by EVAR. There is no reason to concentrate on EVAR 

for EAAA in the Netherlands in the current setting.

However, the volume per centre for primary elective surgery in the Netherlands is 20 

to more than 100 procedures per year, indicating a volume of five to more than 20 

OSRs per hospital. This number could be challenging for many hospitals, as several 

studies have proposed a minimum of 3-12 elective OSRs per surgeon per year, or 

at least 7-30 elective OSRs per hospital per year.35-41 Moreover, as hospital experi-

ence in one procedure does not translate into expertise in the other, it is necessary 

to retain experience in both.38 Potential bias in the outcome of the DSAA can also be 

caused by the selection by indication for operation dependent on patient or disease 

characteristics (aneurysm diameter, restriction to patients with comorbidities), and the 

concomitant choice for a certain operative technique (OSR or EVAR preference, or 

even fenestrated EVAR or chimneys). The choice of operative procedure influences 

mortality and depends on patient characteristics as well as on surgeon’s preference. 

Therefore, operative variables cannot be used for casemix adjustment, because a cor-

rection for surgical skills is undesirable. Unfortunately, correction for this kind of bias is 

not possible. However, the overall mortality rate of 5% for OSR for EAAA is a matter of 

concern. The differences in outcome between EVAR and OSR for AAAA in the DSAA 

can be biased by “selection by indication” for surgery. Because, results are influenced 

by patient or disease characteristics (aneurysm diameter, restriction to patients with co-

morbidities), and the concomitant choice for a certain operative technique (liberal use 

of EVAR or conservative choice for OSR). Patients receiving EVAR in the DSAA seem 

to have less comorbidity. Identifying the best operative technique for the individual 

patient remains a challenge. Vascular units face the challenge of choosing the surgical 

technique while at the same time retaining experience in both open and endovascular 

techniques.42

Risk prediction V-POSSUM
Mortality risk prediction models like V-POSSUM aim to predict mortality for an 

individual patient. Ideally, a model is discriminative and calibrates well. Because 

discrimination and calibration are reversely dependent, this will never be the case.26 
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The observed miscalibration of V-POSSUM can be a sign of overfitting, which can be 

explained by several factors: the presence of too many variables compared with the 

number of events, the statistical procedure used for selection of the variables (e.g., 

forward or backward selection, or high p value for inclusion), the number of categories 

used per variable, the handling of missing data, and the degree to which a population 

differs from the original population in severity.26 The significant miscalibration between 

observed and expected mortality after EAAA EVAR can be explained, in part, by the 

fact that V-POSSUM was developed before the introduction of EVAR.43 However, in 

patients with AAAA mortality was underestimated for those undergoing OSR, but still 

higher compared with EVAR.

The discriminative ability was moderate in the DSAA, still resulting in false predictions 

compared with the observed outcomes. This might imply that there are variables lack-

ing in the model that could lead to better predictions.26 Moreover, according to the 

instructions of V-POSSUM, EVAR was scored in the same operative severity category as 

OSR (major surgery, 4 points as exponential in the regression coefficient). It is question-

able whether EVAR has to be marked as major vascular surgery.

Risk adjustment V(p)-POSSUM: hospital comparison
Risk adjusted hospital outcomes are a prerequisite for meaningful hospital compari-

sons. Adjusting mortality in the DSAA with V(p)-POSSUM provides the effect of risk 

adjustment by case mix according to the population (UK) in which V(p)-POSSUM was 

developed. Therefore, and because it was built on an overall aneurysm population and 

on top of that the continuous predominance of EVAR procedures, the V(p)-POSSUM 

was re-estimated for the Dutch population by logistic regression. The POSSUM physi-

ology- only models can be a useful tool for comparative outcome audits.9 However, it 

might have become necessary to include more EVAR and outcome specific variables or 

to re-estimate the variables included on a mixed (EVAR and OSR) population. The POS-

SUM physiology-only models contain a significant number of variables compared with 

other pre-operative mortality-risk prediction models such as the GAS and VBHOM.7,8 

These latter models might be more suitable and easier to use. Suitability for clinical 

practice not only depends on the number of variables, but also on the administrative 

burden in clinical practice. An ideal model should contain clear and distinct variables, 

be suitable for both acute and elective surgery at a definite endpoint, and have well 

defined categories. Although, hospital mortality changed owing to the effect of 

casemix adjustment, it was still not possible to recognise underperforming hospitals. 

Most hospitals, except one, remained within the CIs.
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Limitations
When registering data, coding and documentation errors (internal validity), or errors in 

the external validity of the data, occur. As the registry started in 2013 there were fewer 

patients than in 2014. This could have been the result of under-registration. However, 

a crude check of mortality between the two years revealed no differences in mortality 

in elective AAA or a registered lower mortality for acute AAA in 2014. As the data 

are not yet validated and hospitals were not audited for data verification, the results 

presented in the current overview should be interpreted with care. The presence of 

missing data does not necessarily indicate that a comparison between hospitals is 

unreliable providing the volume of AAA repair is large enough and comparable.34 In 

the Netherlands external validation is difficult because all AAA operations, including 

revisions and suprarenal AAA surgery, are registered nationally in the national hospital 

statistics with the same code as primary AAA surgery. Visits to hospitals in order to 

validate the registered data will be the next best step in the verification process.

It was not possible to differentiate between referral centres and non-referral centres 

in the current DSAA, as there was no definition for referral centre for highly complex 

cases. The option of registering the referral of a patient was recently added to the 

updated dataset of the DSAA. Referral centres potentially have more complex aneu-

rysm morphology with a greater risk of proximal aneurysm neck related complications 

and increased mortality.44 Reported mortality for complex aneurysms is higher than 

average AAA, but published results for endovascular repair of difficult aortic necks look 

promising.45

Conclusion

Nearly all patients registered in the Dutch Surgical Aneurysm audit could be included 

for analysis. Operative mortality, adjusted and non-adjusted, after EAAA surgery was 

not a discriminative outcome parameter for hospital comparisons in the DSAA. The 

overall post-operative (EVAR and OSR) and, specifically, EVAR related mortality was low 

and there was no significant association between hospital volume and (risk adjusted) 

percentage of EVAR performed. Therefore, the Dutch minimum volume of 20 EAAA 

procedures appears to be sufficient for EVAR. However, the overall mortality after OSR 

was relatively high, resulting in concerns with regard to this low volume operation 

in the era of preference for EVAR. Also in patients with AAAA, the observed mortal-

ity of OSR for RAAA was significantly higher than the predicted mortality. Patients 

undergoing EVAR have a lower mortality, but this can be at least partly explained 

by the lower predicted mortality by V-POSSUM, indicating patient selection. In this 
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study, risk adjusted mortality for elective AAA surgery has limited capability for hospital 

comparison quality assessment.
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AbStRACt

background:
The introduction of endovascular aneurysm repair (EVAR) has reduced perioperative 

mortality after abdominal aortic aneurysm (AAA) surgery. The objective of this system-

atic review was to assess existing mortality risk prediction models, and identify which 

are most useful for patients undergoing AAA repair by either EVAR or open surgical 

repair.

Material and Methods:
A systematic search of the literature was conducted for perioperative mortality risk 

prediction models for patients with AAA published since 2006. PRISMA guidelines 

were used; quality was appraised, and data were extracted and interpreted following 

the CHARMS guidelines.

Results:
Some 3903 studies were identifi ed, of which 27 were selected. A total of 13 risk predic-

tion models have been developed and directly validated. Most models were based 

on a UK or US population. The best performing models regarding both applicability 

and discrimination were the perioperative British Aneurysm Repair score (C-statistic 

0.83) and the preoperative Vascular Biochemistry and Haematology Outcome Model 

(C-statistic 0.85), but both lacked substantial external validation.

Conclusion:
Mortality risk prediction in AAA surgery has been modelled extensively, but many of 

these models are weak methodologically and have highly variable performance across 

different populations. New models are unlikely to be helpful; instead casemix correc-

tion should be modelled and adapted to the population of interest using the relevant 

mortality predictors.



Chapter 3

54

Introduction

Abdominal aortic aneurysm (AAA) surgery is a common vascular operation performed 

in both elective and emergency situations that is intended to prevent AAA-related 

death.1–3

The 30-day or in-hospital mortality of patients with AAA is an important outcome 

measure reported in studies and by national registries.4 Perioperative mortality is 

dependent on many factors, including the operative technique – either endovascular 

aneurysm repair (EVAR) or open surgical repair (OSR).5

A number of risk prediction scores were developed in the era of OSR, with the inten-

tion of aiding the comparison of outcomes. These have been used widely to provide 

risk-adjusted hospital and surgeon outcomes, and even to improve risk prediction for 

individual patients undergoing AAA surgery.6 However, the recent widespread intro-

duction of EVAR has resulted in a marked reduction in perioperative mortality in many 

countries.4,7 Consequently, new prediction models have been developed. It is therefore 

important to determine which models are most appropriate for use in contemporary 

clinical practice.

The objective of the present study was to perform a systematic review of mortality risk 

prediction models used in AAA surgery since the implementation of EVAR for elective 

and emergency AAA.

Material and Methods

A systematic research was performed using the PRISMA guidelines.8

Literature search
A systematic search was performed on 6 July 2015 in PubMed, Embase and the Co-

chrane Library, by two researchers and an academic librarian. A limit to publication 

dates from 2006 to the current date in 2015 was applied to include only the most 

contemporary risk prediction scores. Relevant articles were identified by title and 

abstract by two reviewers. Reference lists of the relevant articles were snowballed, 

and cited articles were checked using Web of Science to identify additional articles. 

Another reviewer joined for further consensus over the studies selected. The full search 

strategies are shown in Appendix S1 (supporting information).



55

Systematic review of mortality risk prediction models in the era of endovascular AAA

Study selection
Articles were excluded when they selected suprarenal or thoracoabdominal aortic 

aneurysms or where the population included only specific subgroups of patients, 

such as those with a small aneurysm, octogenarians or those referred to an ICU after 

surgery. The primary outcome measure was mortality. Studies that investigated only 

the predictive ability of observed versus expected mortality for prediction models, and 

provided no information about model performance, were excluded. Reviews, editorials 

and conference abstracts were not included. Papers in languages other than English or 

Dutch were also excluded.

Data selection
Results were sorted in a data extraction table and appraised for a representative 

population, outcome and type of study in accordance with the CHARMS guidelines for 

prognostic systematic reviews.9 The definitions used for mortality made a distinction 

between short-term mortality (30-day, in-hospital, early, perioperative, at discharge) 

and long-term mortality (60-day, 90-day, long term, survival analysis). Two study types 

were included: prediction model development studies with internal ‘non-apparent’ 

validation in ‘independent’ data, meaning that model performance was evaluated in a 

subset of data by two-sampling testing techniques, bootstrap (multiple samples testing 

withdrawn from the same population), cross-validation or other techniques; and exter-

nal model validation studies for models developed since 2006, with or without model 

updating, reporting performance by either a C-statistic and/or calibration test (see 

model performance below).9,10 Studies not included for data extraction were: external 

validation studies containing only models developed before 2006, prediction model 

development studies without internal validation or with internal ‘apparent’ validation, 

and prediction studies exploring which predictors independently contribute to the 

prediction of a particular prognostic or diagnostic outcome.9Articles were appraised 

for model performance and type of statistical analysis performed.

Data extraction
Outcomes were extracted using a preformatted ExcelTM (Microsoft, Redmond, Wash-

ington, USA) spreadsheet using the CHARMS checklist.9

Model performance
The developed models were assessed for the presence of randomization to create a 

modelling and validation data set. The selection of variables was evaluated for forward 

or backward selection, or univariable or multivariable analysis, and criteria used (P 

value) for selecting variables.
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Adjustment of the developed or existing model was evaluated either by the descrip-

tion of shrinkage for internal validation or by the description of updating for external 

validation. This is defined by adjustment of the coefficients and/or the intercept to 

reduce optimism, and/or recalibration of the model (observed versus expected out-

come). Model performance was defined by discrimination, a measure of how well the 

model can separate those who do and those who do not have the disease of interest, 

and calibration, a measure of how well predicted probabilities agree with the actual 

observed risk. The discrimination ‘C-statistic’ (balance between negative and positive 

predictive value) was defined as low or poor (below 0.70), moderate (0.70 – 0.79) 

or good (at least 0.80). The correlation between observed and expected (calibration) 

outcome was measured by the Hosmer – Lemeshow (H-L) test (P > 0.050 indicates 

good fit), or assessed using a χ2 test. The number of events per variable (EPV; prefer-

ably more than 10) was also calculated if possible to give insight into the magnitude of 

overfitting (especially the case when more variables than events are present).

Results

Some 27 studies were included in the final analysis (Fig. 1). Studies excluded based 

on critical appraisal for type of prognostic study and analytical performance are sum-

marised in Table S1 (supporting information).

	

From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. doi:10.1371/journal.pmed1000097 

 
For	more	information,	visit	www.prisma-statement.org. 
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A total of 13 studies developed their own mortality risk prediction model, of which 

1211 – 22 described internal non-apparent validation. Seven11,13 – 16,20,22 of these per- 

formed validation by two-sample testing and five12,17 – 19,21 used a bootstrap method 

for internal validation. One study23 used artificial neural network (ANN) methodology, 

with a computational model to predict a model by pattern recognition and continually 

adapting to new input data, resulting in a multilayer model of several variables (Table 

1). Two studies18,22  performed geographical external validation. The remaining stud-

ies24-37 externally validated one or more existing models, which consisted of elective 

and emergency ruptured or non-ruptured AAA surgery, either in the group as a whole 

or separately (Table 2).

Data extraction
Many model development studies were performed in the UK (6)11,13,16,17,20,22 or USA 

(5).14,15,18,19,23 Two UK studies20,22 used nearly the same Cambridge population for the 

development and internal validation of a new Physiological and Operative Severity 

Score for the enUmeration of Mortality and morbidity (Cambridge POSSUM) and for 

validation of the Vascular Biochemistry and Haematology Outcome Model (VBHOM). 

Another study11 used the UK National Vascular Database (NVD) for the development 

and internal validation of the Abdominal Aortic Aneurysm Statistically Corrected Op-

erative Risk Evaluation (AAA SCORE).

There was overlap between data sets used for either development or validation stud-

ies.14,15,20,22,26,31,33 One of these22 was used for external or geographical validation after 

building a model on another population. One external validation study34 derived its 

data from the Dutch Randomised Endovascular Aneurysm Management (DREAM) trial, 

an RCT recently performed in Belgium and the Netherlands.

Sample size varied between the studies, ranging from 21 patients in a validation data 

set23 to 22 830 in both a modelling and validation data set15, and 44 630 in a modelling 

set.14 The number of events and mortality rates by setting (emergency versus elective) 

and procedure also varied widely.

Studies differed in their selection of patients and the percentages of procedures per-

formed. One study11 included patients with symptomatic AAAs. Some studies11,12,22 in-

cluded patients who also received an infrainguinal bypass, had an iliac aneurysm or 

underwent revisional surgery.
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Model performance
Five12,13,15 – 17 of the model development studies performed a forward or backward 

selection with an accompanying P value for inclusion or exclusion of the variable. 

Two studies14,18 included variables according to a prespecified P value by hand using 

primarily a univariable and then a multivariable analysis to select variables relevant 

to the model. Five studies19 – 23 did not mention a method of inclusion. Ambler and 

colleagues11 performed a reclassification procedure in which patients were reassigned 

to different risk categories and cross-tabulated to show the changes in categories when 

changing models. Mastracci and co-workers18 shrank their data to reduce overfitting of 

their final model.

A calibration plot or measurement of the correlation between observed and expected 

outcome by the H-L test was not often performed.10 All studies, except that of Barnes 

and colleagues12, who mentioned a P value only for the H-L test, calculated a C-statistic 

to describe the discriminative ability as a measure of goodness of fit.

Discriminative performance of every model reported in each article is shown in Figs 

2 – 4 by procedure (EVAR, OSR or both) and setting: elective aneurysm repair, symp-

tomatic aneurysm repair, ruptured aneurysm repair, or all three combined.
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Fig. 2 C-statistic values, with 95 per cent confidence intervals, for the mortality risk prediction models evaluating endovascular
aneurysm repair. EAAA, elective aortic abdominal aneurysm repair; RAAA, ruptured aortic abdominal aneurysm repair; GAS, Glasgow
Aneurysm Score; (m-)CPI, (modified) Customized Probability Index; ERAS, Edinburgh Ruptured Aneurysm Score; BAR, British
Aneurysm Repair; ERA, Endovascular aneurysm repair Risk Assessment; VGNW, Vascular Governance North West; VBHOM,
Vascular Biochemistry and Haematology Outcome Model

However, Ambler and colleagues11 showed an increase in
discriminative ability despite a less heterogeneous pop-
ulation for elective AAA repair only (C-statistic 0⋅722)
compared with the overall AAA group (C-statistic 0⋅696).
The only Dutch study34 that validated the Medicare
model for both procedures in patients having elective
AAA surgery had a moderate performance and good cal-
ibration (H-L P= 0⋅52; C-statistic 0⋅77, 95 per cent c.i.
0⋅64 to 0⋅90).

Mount Sinai score
Egorova and colleagues14 developed a model for patients
undergoing elective surgery by EVAR based on Medicare
data for 30-day mortality, with moderate to good results
considering discrimination and calibration (C-statistic
0⋅731; H-L P= 0⋅24). One study39 described risk stratifi-
cation using the Mount Sinai score, but without reporting
a C-statistic or calibration test.

Cleveland Clinic experience
Mastracci et al.18 also validated their model on an external
population. The different elective EVAR population used
for external validation were participants in a multicentre
trial for EVAR, but performance of the model was poor
(C-statistic 0⋅69, 95 per cent c.i. 0⋅66 to 0⋅72).

Leicester score
The Leicester score13 for elective AAA surgery was devel-
oped for both procedures, but also forOSRonly. The inter-
nally validated model performed well in the validation data
set (C-statistic 0⋅82, 95 per cent c.i. 0⋅72 to 0⋅92; EPV 3⋅3).
However, in analyses for OSR only it performed poorly
(C-statistic 0⋅68, 0⋅52 to 0⋅83).

Vascular Governance New West model
The Vascular Governance New West model is the only
one of the newer models that has been validated five

© 2017 BJS Society Ltd www.bjs.co.uk BJS 2017; 104: 964–976
Published by John Wiley & Sons Ltd

Figure 2. C-statistic values, with 95% confidence intervals, for the mortality risk prediction models 
evaluating endovascular aneurysm repair. EAAA, elective aortic abdominal aneurysm repair; RAAA, 
ruptured aortic abdominal aneurysm repair; GAS, Glasgow Aneurysm Score; (m-)CPI, (modified) 
Customized Probability Index; ERAS, Edinburgh Ruptured Aneurysm Score; BAR, British Aneurysm 
Repair; ERA, Endovascular aneurysm repair Risk Assessment; VGNW, Vascular Governance North 
West; VBHOM, Vascular Biochemistry and Haematology Outcome Model



65

Systematic review of mortality risk prediction models in the era of endovascular AAA

Risk prediction models
Detailed information about model formulas is provided in Table S2 (supporting infor-

mation).

Cambridge POSSUM
The Cambridge POSSUM was developed in 2007 on part of a population in Cambridge 

and validated on another part of that population for elective and ruptured AAA under-

going OSR (C-statistic 0.88)20. It has not been validated externally.

Vascular Biochemistry and Haematology Outcome Model
VBHOM was developed in 2007 using the UK NVD of some 3045 patients with either 

elective or ruptured AAA undergoing OSR.22 It demonstrated good performance by 

external geographical validation (C-statistic 0.852, H-L P = 0.59, EPV 6.6).22  External 

(geographical) validation is the standard when assessing a model’s capabilities and its 

applicability.10
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Fig. 3 C-statistic values, with 95 per cent confidence intervals, for the mortality risk prediction models evaluating open surgical repair
(OSR). EAAA, elective aortic abdominal aneurysm repair; RAAA, ruptured aortic abdominal aneurysm repair; SAAA, symptomatic
aortic abdominal aneurysm repair; GAS, Glasgow Aneurysm Score; E-PASS, estimating the physiological ability and surgical stress;
ERAS, Edinburgh Ruptured Aneurysm Score; BAR, British Aneurysm Repair; VSGNE, Vascular Study Group of New England;
(P) (V) POSSUM, (Portsmouth) (Vascular) Physiological and Operative Severity Score for the enUmeration of Mortality and
morbidity, with (p) denoting physiological only; VGNW, Vascular Governance North West; VBHOM, Vascular Biochemistry and
Haematology Outcome Model

times, although all in a UK population, between 1999
and 2013. It was developed in 2011 for both proce-
dures in patients undergoing elective AAA surgery16. How-
ever, only 18⋅9 per cent of patients had EVAR, result-
ing in a C-statistic of 0⋅71 with a H-L P value of 0⋅853
and EPV of 7⋅1. In 2012, external validation in patients
having elective surgery (EVAR 54⋅5 per cent) yielded a
C-statistic of 0⋅71, but the H-L value almost became sig-
nificant (P= 0⋅066)28. In 2014, in a population with 67⋅5
per cent EVAR, both the C-statistic and the H-L value
were similar to those in 2011 and 2012 (C-statistic 0⋅75,
95 per cent c.i. 0⋅65 to 0⋅84)29. Validation in two stud-
ies for all patients with AAA and only elective repair
with both procedures resulted in a poor overall perfor-
mance (C-statistic 0⋅693)11 and a moderate performance

(C-statistic 0⋅70211 and 0⋅7313) for elective procedures
only. It was also validated by van Beek and colleagues34

in an elective Dutch population with a C-statistic of 0⋅88
(H-L P= 0⋅31).

Vascular Study Group of New England model
A US population with ruptured AAA undergoing OSR
was used to create a new mortality risk prediction model,
the Vascular Study Group of New England (VSGNE)
model, in 201319. After bootstrapping the model (multiple
sampling), it showed a good calibration (H-L P= 0⋅85) and
good discriminative ability (C-statistic 0⋅79)19. It has been
validated externally in one study24, with aC-statistic of 0⋅78
and H-L P= 0⋅1.

© 2017 BJS Society Ltd www.bjs.co.uk BJS 2017; 104: 964–976
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Figure 3. C-statistic values, with 95% confidence intervals, for the mortality risk prediction models 
evaluating open surgical repair (OSR). EAAA, elective aortic abdominal aneurysm repair; RAAA, 
ruptured aortic abdominal aneurysm repair; SAAA, symptomatic aortic abdominal aneurysm repair; 
GAS, Glasgow Aneurysm Score; E-PASS, estimating the physiological ability and surgical stress; 
ERAS, Edinburgh Ruptured Aneurysm Score; BAR, British Aneurysm Repair; VSGNE, Vascular Study 
Group of New England; (P) (V) POSSUM, (Portsmouth) (Vascular) Physiological and Operative Se-
verity Score for the enUmeration of Mortality and morbidity, with (p) denoting physiological only; 
VGNW, Vascular Governance North West; VBHOM, Vascular Biochemistry and Haematology Out-
come Model
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Another study27 performed the same validation on an elective AAA OSR population 

but with a low discriminative ability (C-statistic 0.684, 95% CI 0.555 to 0.813; EPV 

1.1). Similar results were reported by Patterson and colleagues31, when performing the 

validation on an elective EVAR population (C-statistic 0.649, 95% CI 0.514 to 0.783). In 

2012, Grant et al.28 validated VBHOM on a population of patients having elective EVAR 

or OSR, but performance was poor (C-statistic 0.61, 95% CI 0.58 to 0.64; EPV 39.4). 

Ambler and colleagues11 also externally validated the model in the UK. It performed 

well by discrimination (C-statistic 0.833) but with very poor calibration on a data set 

with ruptured AAA, symptomatic AAA and elective AAA treated by either EVAR or OSR. 

For elective AAA surgery alone, it had a C-statistic of 0.735 and also poor calibration.

Edinburgh Ruptured Aneurysm Score
The Edinburgh Ruptured Aneurysm Score (ERAS) was developed in 2007 on a popula-

tion undergoing OSR for ruptured AAA (2000 – 2002) by Tambyraja and co-workers38, 
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Fig. 4 C-statistic values, with 95 per cent confidence intervals, for the mortality risk prediction models evaluating both endovascular and
open aneurysm repairs. EAAA, elective aortic abdominal aneurysm repair; RAAA, ruptured aortic abdominal aneurysm repair; SAAA,
symptomatic aortic abdominal aneurysm repair; ERAS, Edinburgh Ruptured Aneurysm Score; ANN, artificial neural network; BAR,
British Aneurysm Repair; (m-)CPI, (modified) Customized Probability Index; GAS, Glasgow Aneurysm Score; (V) POSSUM,
(Vascular) Physiological and Operative Severity Score for the enUmeration of Mortality and morbidity, with (p) denoting
physiological only; VSGNE, Vascular Study Group of New England; VGNW, Vascular Governance North West; VBHOM, Vascular
Biochemistry and Haematology Outcome Model; AAA SCORE, Abdominal Aortic Aneurysm Statistically Corrected Operative Risk
Evaluation

British Aneurysm Repair score
The British AneurysmRepair (BAR) score17 was developed
in patients undergoing either elective EVAR or OSR and,
in external validation, had a C-statistic of 0⋅83 (95 per
cent c.i. 0⋅76 to 0⋅89) and H-L P value of 0⋅581, with
similar values for EVAR and OSR only29. When validated
by van Beek and colleagues34 in 2013, the performance
remained good (C-statistic 0⋅79, 95 per cent c.i. 0⋅67 to
0⋅91), with a H-L P value of 0⋅15, but the EPV was less
than 1.

Abdominal Aortic Aneurysm Statistically Corrected
Operative Risk Evaluation Score
Ambler and colleagues11 showed some promising results
for the AAA SCORE in a population consisting of both
acute and elective AAA. The preoperative model per-
formed well (C-statistic 0⋅894 for all patients and 0⋅819
for elective aneurysm repair only; H-L P = 0⋅33). The
H-L test result for the perioperative model was good (P =
0⋅35) with a good C-statistic (0⋅917) and remained good for
patients having elective AAA repair (C-statistic 0⋅853). The

© 2017 BJS Society Ltd www.bjs.co.uk BJS 2017; 104: 964–976
Published by John Wiley & Sons Ltd

Figure 4. C-statistic values, with 95% confidence intervals, for the mortality risk prediction models 
evaluating both endovascular and open aneurysm repairs. EAAA, elective aortic abdominal aneu-
rysm repair; RAAA, ruptured aortic abdominal aneurysm repair; SAAA, symptomatic aortic abdomi-
nal aneurysm repair; ERAS, Edinburgh Ruptured Aneurysm Score; ANN, artificial neural network; 
BAR, British Aneurysm Repair; (m-)CPI, (modified) Customized Probability Index; GAS, Glasgow 
Aneurysm Score; (V) POSSUM, (Vascular) Physiological and Operative Severity Score for the enU-
meration of Mortality and morbidity, with (p) denoting physiological only; VSGNE, Vascular Study 
Group of New England; VGNW, Vascular Governance North West; VBHOM, Vascular Biochemistry 
and Haematology Outcome Model; AAA SCORE, Abdominal Aortic Aneurysm Statistically Cor-
rected Operative Risk Evaluation
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but not directly validated (Table S1, supporting information). In 2008, they validated 

their model on patients having OSR for ruptured aneurysm between 2002 and 2004 

with a moderate performance (C-statistic 0.72).32 Five years later, Robinson and co-

workers19 validated a similar population (OSR for ruptured AAA), but performance was 

poorer (C-statistic 0.67). Van Beek et al.36 were the only ones who tested the ERAS on 

a ruptured AAA group for both procedures and for a subselection of EVAR, with poor 

results (C-statistic 0.58 for both procedures and 0.55 for EVAR only).

Endovascular aneurysm repair Risk Assessment model
Barnes and colleagues12 developed the Endovascular aneurysm repair Risk Assessment 

model in 2008 for EVAR specifically for patients undergoing elective and symptomatic 

AAA surgery. They bootstrapped their data set 100 times and assessed goodness of fit 

by the Cessie – van Houwelingen – Copas – Hosmer unweighted sum of squares test 

statistic. It showed very good calibration of the model with a P value of 0.92 (the same 

as with the normal H-L test). No C-statistic was presented. In 2010, ERA was validated 

externally by the same research group with a moderate to good performance.26 The 

exact formula was not available, but the model can be used for the individual patient 

online.

Updated Glasgow Aneurysm Score
The updated Glasgow Aneurysm Score (GAS) was introduced in 2009, with a new 

variable: the procedure performed (EVAR or OSR).21 It was validated in two studies (C-

statistic 0.710, 95% CI 0.66 to 0.76, H-L P = 0.0136; C-statistic 0.780, 0.740 to 0.83025). 

Because of the paucity and continuous nature of the variables in the model, the EPV 

was larger than 1.

Giles score
The Giles score was developed on elective AAA repair for both procedures in 2009 by 

Giles and colleagues.15 It showed only a minimal difference between the modelling and 

validation set with a moderate performance. When Nevala and co-workers30 validated 

this score for EVAR only, it performed well (C-statistic 0.815, 95% CI 0.635 to 0.995). In 

recent studies, the Giles score has been referred to as the Medicare model.13,28,29 These 

studies all showed C-statistic values of 0.66 or higher for patients undergoing elective 

AAA surgery and a population based on only EVAR (C-statistic 0.66, 0.47 to 0.85)29 or 

OSR (C-statistic 0.68, 0.85 to 0.87)29 or both (C-statistic 0.7913; C-statistic 0.71, 95% 

CI 0.69 to 0.7428 ; C-statistic 0.78, 0.70 to 0.8629 ). When validated for OSR or EVAR 

only, the C-statistic values decreased. However, Ambler and colleagues11 showed an 

increase in discriminative ability despite a less heterogeneous population for elective 

AAA repair only (C-statistic 0.722) compared with the overall AAA group (C-statistic 
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0.696). The only Dutch study34 that validated the Medicare model for both procedures 

in patients having elective AAA surgery had a moderate performance and good cali-

bration (H-L P = 0.52; C-statistic 0.77, 95% CI 0.64 to 0.90).

Mount Sinai score
Egorova and colleagues14 developed a model for patients undergoing elective surgery 

by EVAR based on Medicare data for 30-day mortality, with moderate to good results 

considering discrimination and calibration (C-statistic 0.731; H-L P = 0.24). One study39 

described risk stratification using the Mount Sinai score, but without reporting a C-

statistic or calibration test.

Cleveland Clinic experience
Mastracci et al.18 also validated their model on an external population. The different 

elective EVAR population used for external validation were participants in a multicentre 

trial for EVAR, but performance of the model was poor (C-statistic 0.69, 95% CI 0.66 

to 0.72).

Leicester score
The Leicester score13 for elective AAA surgery was developed for both procedures, but 

also for OSR only. The internally validated model performed well in the validation data 

set (C-statistic 0.82, 95% CI 0.72 to 0.92; EPV 3.3). However, in analyses for OSR only 

it performed poorly (C-statistic 0.68, 0.52 to 0.83).

Vascular Governance New West model
The Vascular Governance New West model is the only one of the newer models that 

has been validated five times, although all in a UK population, between 1999 and 

2013. It was developed in 2011 for both procedures in patients undergoing elective 

AAA surgery.16 However, only 18.9% of patients had EVAR, resulting in a C-statistic of 

0.71 with a H-L P value of 0.853 and EPV of 7.1. In 2012, external validation in patients 

having elective surgery (EVAR 54.5%) yielded a C-statistic of 0.71, but the H-L value 

almost became significant (P = 0.066).28 In 2014, in a population with 67.5% EVAR, 

both the C-statistic and the H-L value were similar to those in 2011 and 2012 (C-

statistic 0.75, 95% CI 0.65 to 0.84).29 Validation in two studies for all patients with AAA 

and only elective repair with both procedures resulted in a poor overall performance 

(C-statistic 0.693)11 and a moderate performance (C-statistic 0.70211 and 0.7313) for 

elective procedures only. It was also validated by van Beek and colleagues34 in an 

elective Dutch population with a C-statistic of 0.88 (H-L P = 0.31).
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Vascular Study Group of New England model
A US population with ruptured AAA undergoing OSR was used to create a new 

mortality risk prediction model, the Vascular Study Group of New England (VSGNE) 

model, in 2013.19 After bootstrapping the model (multiple sampling), it showed a good 

calibration (H-L P = 0.85) and good discriminative ability (C-statistic 0.79).19 It has been 

validated externally in one study24, with a C-statistic of 0.78 and H-L P=0.1.

British Aneurysm Repair score
The British Aneurysm Repair (BAR) score17 was developed in patients undergoing 

either elective EVAR or OSR and, in external validation, had a C-statistic of 0.83 (95% 

CI 0.76 to 0.89) and H-L P value of 0.581, with similar values for EVAR and OSR only.29 

When validated by van Beek and colleagues34 in 2013, the performance remained 

good (C-statistic 0.79, 95% CI 0.67 to 0.91), with a H-L P value of 0.15, but the EPV 

was less than 1.

Abdominal Aortic Aneurysm Statistically Corrected Operative Risk Evaluation 
Score
Ambler and colleagues11 showed some promising results for the AAA SCORE in a 

population consisting of both acute and elective AAA. The preoperative model per- 

formed well (C-statistic 0.894 for all patients and 0.819 for elective aneurysm repair 

only; H-L P = 0.33). The H-L test result for the perioperative model was good (P = 0.35) 

with a good C-statistic (0.917) and remained good for patients having elective AAA 

repair (C-statistic 0.853). The preoperative model also contained procedural details, 

which makes it a perioperative model and not one that can be applied before surgery.

Artificial neural network
Instead of calculating the model by hand, Wise and colleagues23 developed an ANN 

model digitally for patients undergoing ruptured AAA surgery with both EVAR and 

OSR. Performance was good; the C-statistic was 0.88 in the modelling set, 0.95 in the 

validation set and 0.85 for the analogue multiple logistic regression data set.

Discussion

This systematic review of contemporary mortality prediction models for AAA surgery 

reveals the difficulties in developing, validating and using a mortality risk prediction 

rule. The large number of models developed is the result of low optimal performance, 

possibly influenced by the introduction of EVAR and the concomitant altered prognosis 

for the individual patient.40 Instead of updating existing models, most studies have 
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presented a new model. This has resulted in better performance in their population 

compared with existing models that were developed in another population and vali-

dated externally. At present, the ideal model does not exist.

External validation studies give an indication of model performance, but the large 

number of subgroups by setting (acute, elective or both) and procedure (EVAR, OSR or 

both) and the highly variable number of events, compared with the number of variables 

and categories, hampers comparison between models and generalisability for the 

individual patient with AAA.

Although nearly every study calculated a C-statistic to describe the discriminative abili-

ties of the model, calibration measures varied widely. Only a few studies reported a H-L 

analysis for calibration, whereas others used χ2 or alternative measurements, or must 

have compared observed with expected but did not report the comparison statistic.

Overall, discrimination is easy to measure compared with calibration, and the latter is 

easily improved by updating methods when applied to another population. However, 

good calibration is necessary for calculating predictions, independent of a high or 

low C-statistic. The clinical usefulness of a model can only be determined when both 

discrimination and calibration are available, and a cut-off value is defined for the sen-

sitivity and specificity.10

The BAR score was found to be one of the best performing perioperative mortality risk 

prediction models, with good calibration, clinical practicality (variables easy to retrieve) 

and generalisability.17 The large number of variables with one to three categories might 

become a problem in surgery with low volumes and few events (mortality), for example 

for elective AAA surgery, especially EVAR. The choice of repair is a strong predictive 

variable for mortality and therefore a valuable determinant of an individual patient’s 

prognosis. VBHOM was found to be one of the best performing preoperative models, 

considering applicability and a few merely continuous variables.22

Whether a model is suitable for clinical practice is highly dependent on its purpose: 

to predict mortality, stratify mortality risk or perform risk adjustment. Prediction of 

mortality and the model of choice is dependent on the moment of prediction. It has 

become clear that, despite multiple attempts, no one model is used primarily in clinical 

practice. This is probably because of differences in setting and concomitant definitions, 

and different implementation of procedures, but also differences between countries in, 

for example, screening or the proportion of patients with ruptured AAA turned down 

for surgery.41,42
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Since the introduction of EVAR, patients who would have been turned down for OSR 

previously, owing to their co-morbidity, might now receive intervention.43 Therefore, 

recently developed models are promising. However, the effect of AAA morphology on 

outcome is critical. In the era of EVAR, perioperative mortality rates are very low. For 

this reason, a more suitable outcome parameter, such as reintervention, handling of 

complications or long-term follow-up, is required.

The objective of this systematic review was to find one model suitable for clinical 

practice, with a small number of variables, ease of interpretation, and utility for both 

emergency and elective AAA, with good statistical performance. There are too many 

models, and no single one that is applicable universally, for either elective or acute 

aneurysm surgery. None of the current scoring systems appears ideal.

Validation of existing studies continues, as does the development of newer or updated 

models, such as a recently new VSGNE model.44,45 A recently published tripartite 

study46 has shown that laboratory values do not necessarily lead to better prediction 

of mortality after several surgical procedures. It was also found that including more 

variables does not improve model performance. There is thus a need for a model 

consisting of only a few important variables.47 A model should be re-estimated on a 

preferred population before being used.
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AbStRACt

background:
To compare hospital outcomes of aortic aneurysm surgery, casemix correction for pre-

operative variables is essential. Most of these variables can be deduced from mortality 

risk prediction models. Our aim was to identify the optimal set of preoperative variables 

associated with mortality in order to establish a relevant and effi cient casemix model.

Material and Methods:
All patients prospectively registered between 2013 - 2016 in the Dutch Surgical 

Aneurysm Audit (DSAA) were included for analysis. After multiple imputation for miss-

ing variables, predictors for mortality following univariable logistic regression were 

analysed in a manual backward multivariable logistic regression model and compared 

with three standard mortality risk prediction models: Glasgow Aneurysm Score (GAS, 

mainly clinical parameters), Vascular Biochemical and Haematological Outcome Model 

(VBHOM, mainly laboratory parameters) and Dutch Aneurysm Score (DAS, both clinical 

and laboratory parameters). Discrimination and calibration were tested and considered 

good with a C-statistic > 0.8 and Hosmer- Lemeshow (H-L) p > 0.05.

Results:
There were 12 401 patients: 9537 (76.9%) elective patients (EAAA), 913 (7.4%) acute 

symptomatic patients (SAAA), and 1951 (15.7%) patients with acute rupture (RAAA). 

Overall postoperative mortality was 6.5%; 1.8% after EAAA surgery, 6.6% after SAAA 

and 29.6% after RAAA surgery. The optimal set of independent variables associated 

with mortality were a mix of clinical and laboratory parameters: gender, age, pulmonary 

comorbidity, operative setting, creatinine, aneurysm size, hemoglobin, Glasgow coma 

scale, ECG and systolic blood pressure (C-statistic 0.871). External validation overall 

of VBHOM, DAS and GAS revealed C-statistics of 0.836, 0.782, 0.761, with an H-L of 

0.028, 0.00 and 0.128, respectively.

Conclusion:
The optimal set of variables for casemix correction in the DSAA comprises both clinical 

and laboratory parameters which can be collected easily from electronic patient fi les 

and will lead to an effi cient casemix model.
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Introduction

Background
Since 2013, it has been mandatory for all patients undergoing surgery for an abdominal 

aortic aneurysm (AAA) to be registered in the Dutch Surgical Aneurysm Audit (DSAA).1 

For a true interpretation of hospital outcomes, casemix risk adjustment has to be per-

formed in order to level those differences in preoperative patient- and disease related 

variables that influence outcome and which vary between hospitals.2 Many of the 

variables present in casemix models are also represented in mortality risk prediction 

models, as was summarised in a recent systematic review.3 Despite this multiplicity of 

models, no standard mortality risk prediction model in AAA surgery has been broadly 

implemented in clinical practice, because every model has been developed for a cer-

tain population during a certain time period, which makes them less generalisable to 

other populations.3

Prediction models are based on physiological parameters, e.g. the Glasgow Aneurysm 

Score (GAS)4, on laboratory parameters e.g. the Vascular Biochemical and Haemato-

logical Outcome Model (VBHOM)5 or mixed models such as the Dutch Aneurysm Score 

(DAS)6. The physiology-only Vascular Physiological and Operative Severity Score for the 

enUmeration of Mortality and Morbidity (V(p) - POSSUM), contains one of the largest 

numbers of variables and has been extensively investigated.7 All these variables were 

included in the original Dutch Surgical Aneurysm Audit (DSAA) dataset to calculate 

the V(p)-POSSUM score. However, preoperative surgical risk assessment has recently 

been shown to be possible using a maximum of eight, easily-retrievable variables.8 

Due to the substantial registration burden imposed by the large number of variables, 

a validated optimal dataset with a minimum number of risk adjustment parameters 

was needed, one in which the number of parameters is proportional to the number of 

events.9

Objectives
The aim of this study was to identify the optimal set for risk adjustment with a minimum 

number of casemix variables by means of an interhospital comparison of postoperative 

mortality for every AAA patient and for both elective and acute AAA patients, and to 

internally validate this set. External validation was performed using previously devel-

oped preoperative risk prediction models for variable comparisons.
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Material and Methods

Study design and setting
This study was set up in accordance with the STROBE statement for reporting of cohort 

studies.10 It was designed to extract a minimum set of casemix variables and validate 

them internally. Subsequently, variables included in the casemix model were compared 

between hospitals and the casemix model and its variables were compared with exist-

ing mortality risk prediction models externally validated in the DSAA.

Patients and data source
Patients who had undergone surgery between 2013 and 2016 for primary juxtarenal 

or infrarenal abdominal aortic aneurysm, both elective and acute, were prospectively 

registered in the DSAA and included for analysis. Details of the DSAA have been pub-

lished previously.11, 12 The DSAA data of 2015 were verified over a randomly selected 

group of hospitals.13 Where data regarding date of surgery, date of birth, operative 

setting/urgency (elective - or acute, symptomatic - or ruptured aneurysm), type of pro-

cedure (EVAR: endovascular aneurysm repair or OSR: open surgical repair) or mortality 

were missing, patients were not included for further analysis. In the Netherlands, the 

minimum volume per hospital was set at 20 operations per year and hospitals where 

fewer than 60 patients had been registered over a four-year period were excluded from 

analysis.

Primary outcome
The primary outcome was in-hospital or 30-day mortality. Subgroups of elective (EAAA) 

and acute operations (AAAA), based on symptomatic (SAAA) or ruptured AAA (RAAA) 

patients, were analysed separately.

Statistical analysis
Patients in whom EVAR had been converted to OSR were analysed following intention-

to-treat and included with EVAR. First, baseline characteristics were analysed for the 

overall group (AAA) for EAAA and AAAA surgery. Continuous variables were tested for 

normality and linearity. Subsequently, if not normal or linear, variables were analysed 

in categories. Missing or unknown values for categorical variables were estimated us-

ing multiple imputations. Multiple imputations were performed by an iteration of 10 

datasets using the automatic imputation method in SPSS (version 23.0) for the follow-

ing variables; cardiac status, pulmonary status, malignant comorbidity, Glasgow Coma 

Scale (GCS), electrocardiography (ECG), sodium, potassium, creatinine, hemoglobin, 

white blood count (WBC), pulse, aneurysm size, age, gender, blood pressure, and 

three indicator variables; year of surgery, hospital and setting.
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Univariable analysis was performed to identify variables associated with mortality 

(p<0.05). Casemix variables were analysed in a multivariable logistic regression enter 

model with backward manual selection to reduce the chance of overfitting.14 A selec-

tion p-value of p<0.1 was used to reduce the set of variables to as few as possible.9

Hospital variation
Those casemix variables selected for multivariable analysis were also studied for 

between-hospital variation as if no variation is present, casemix correction would not 

be of great importance. By means of calculating continuous variables into dichoto-

mous variables by the mean, and dichotomising categorical data into the presence or 

absence of a certain patient characteristic, the percentages were analysed by hospital. 

Significant variation was reached if hospital percentages extended beyond the 95% 

confidence intervals (CIs).

Model validation
Internal validation was performed by 100% apparent validation in which the population 

used for the development of the model is also used for internal model validation.9

External validation of the overall AAA group and the EAAA and AAAA subgroups was 

performed with three standard mortality risk prediction models (VBHOM, GAS and 

DAS 4-6; Table 1). Two models were selected from an earlier systematic review, one 

based on laboratory values (VBHOM), and one based on clinical parameters (GAS). 

The third model was a newly-validated Dutch model for RAAA surgery (DAS). Model 

performance was analysed using the C-statistic and Hosmer – Lemeshow (H-L) tests 

for both the discrimination and calibration of these models. An AUC (C-statistic) of 

≥0.7 described a moderate discriminative ability and ≥0.8 a good discriminative ability. 

Table 1. Arithmetic formulas of mortality risk scores according to VBHOM, GAS and DAS

Model Model formula

VBHOM# −2·257 + (0·1511 * male) + (0·9940 * mode of admission) + (0·05923 * age (continuous 
in years)) + (0·001401 * serum urea (continuous mmol/l)) – (0·01303 * sodium (continuous 
mmol/l)) – (0·03585 * potassium (continuous mmol/l)) – (0·2278 * haemoglobin (continuous 
g/dl)) + (0·02059 * white cell count (continuous * 10^9 /l))

GAS GAS: age (years) + (17 for shock) + (7 for myocardial disease) + (10 for cerebrovascular 
disease) + (14 for renal disease).

DAS# -4.73 + (age * 0.074) + (systolic blood pressure [mm Hg]/10 * -0.12) + (1 for 
cardiopulmonary resuscitation) + (((haemoglobin [g/dL]/10) 3) * -1.27).

# To calculate mortality risk use exp(model)/1+exp(model), Legend: GAS; Glasgow Aneurysm Score, VB-
HOM; Vascular Biochemistry and Haematology Outcome Models, DAS; Dutch Aneurysm Score
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P-values ≥0.05 for the H-L showed sufficient calibration; the expected outcome did not 

significantly differ from the observed outcome.

Results

Patients
A total of 13 417 patients with an AAA were registered in the DSAA, of which 12 524 

(93.3%) had a primary AAA for which either open surgical repair (OSR) or endovascular 

repair (EVAR) was performed. In total, 99.1% (n=12416) of these patients were anal-

ysed. Two hospitals that had only performed 12 and 3 operations, respectively, over 

a 4-year period were excluded. Of the remaining 12 401 patients there were 9537 

elective EAAA patients (76.9%), 913 (7.4%) acute symptomatic AAA (SAAA) patients 

and 1951 (15.7%) patients with an acute ruptured AAA (RAAA). (Figure 1)

Overall, 8614 patients (69.5%) underwent EVAR, compared with 3787 (30.5%) under-

going OSR. The percentage of EVAR in EAAA patients was 77.1%, in SAAA patients 

60.2% and in RAAA patients this was 36.4%. Mean age was 73.2 (7.9SD) years and the 

majority were male (85.5%, n=10 596). Detailed information about baseline character-

istics, disease specifics and interventions can be found in Table 2 (both the original and 

the imputed dataset).

	

Figure 1. Flowchart of selected data
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Table 2. Baseline variables in the original dataset, in the imputed dataset, and the Odds Ratio of 
variables in the imputed dataset that are associated with mortality. (n=12401 patients)

Original dataset  
N (%)

Imputed 
dataset N (%)

Imputed OR for mortality
(95%CI)

Age (mean (SD)) 73.2 (7.9) 73.2 1.07 (1.06-1.08)

Sex:		 Male 10596 (85.4) 10604  (85.5) Ref.

		  Female 1795 (14.5) 1797 (14.5) 1.50 (1.26-1.80)

		  Missing 10 (0.1) - -

Card.:	 No cardiac problems 5699 (46.0) 6112.1 (49.3) Ref.

		  Peripheral oedema 958 (7.7) 1024.9 (8.3) 1.12 (0.95-1.31)

		  Elevated CVP 190 (1.5) 206.4 (1.7) 1.56 (1.18-2.05)

		  Medication* 4769 (38.5) 5057.6 (40.8) 1.83 (1.05-3.20)

		  Unknown 785 (6.3) - -

Pulm.:	 No dyspnoea 8882 (71.6) 9333.2 (75.3) Ref.

		  Dyspnoea exercise 2432 (19.6) 2544.7 (20.5) 1.45 (1.20-1.76)

		  Invalidating dyspnoea 357 (2.9) 375.7 (3.0) 1.85 (1.29-2.66)

		  Dyspnoea rest 136 (1.1) 147.4 (1.2) 3.84 (2.44-6.04)

		  Unknown 594 (4.8) - -

Mal:	 No malignancy 10127 (81.7) 10236.3 (82.5) Ref.

		  Malignancy 2143 (17.3) 2164.7 (17.5) 0.86 (0.71-1.05)

		  Unknown 131 (1.1) - -

GCS:	 15 11076 (89.3) 11375.8 (91.7) Ref.

		  12-14 290 (2.3) 442.8 (3.6) 9.81 (2.81-34.26)

		  9-11 65 (0.5) 330.3 (2.7) 7.90 (0.48-130.8)

		  <9 119 (1.0) 252.1 (2.0) 15.26 (1.87-124.47)

		  Unknown/missing 851 (6.9) - -

Aneurysm size (mean (SD)(mm)) 63.14 (14.2) 63.30 1.04 (1.04-1.05)

Setting:	EAAA 9537 (76.9) - Ref.

		  SAAA 913 (7.4) - 3.83 (2.83-5.18)

		  RAAA 1951 (15.7) - 22.87 (19.11-27.36)

ECG:	 No abnormalities 6260 (50.5) 7329.9 (59.1) Ref.

		  Atrial Fibrillation 802 (6.5) 965.6 (7.8) 2.23 (1.70-2.93)

		  MI or other 3432 (27.7) 4105.5 (33.1) 2.01 (1.63-2.48)

		  Unknown 1907 (15.4) - -

Creatinine	 [normal, 45-100] 7579 (61.1) 7707.4 (62.2) Ref.

			   [not normal, <45 or >100] 4455 (35.9) 4693.6 (37.8) 3.18 (2.73-3.70)

			   Unknown 367 (3.0) - -
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Outcome
Overall mortality was 6.5% (n=809): EAAA surgery 1.8% (n=172), 6.6% (n=60) for SAAA 

surgery and 29.6% (n=577) for RAAA surgery. Mortality for AAAA surgery (combined 

SAAA and RAAA) was 22.2%. By procedure, elective procedures had the lowest mortal-

ity (0.7% EVAR, 5.4% OSR) compared with mortality following symptomatic procedures, 

(4.5% EVAR and 9.6% OSR) and acute ruptures (22.2% and 33.8%).

Main results

Univariable analysis
Table 2 shows the association of baseline characteristics with the outcome mortal-

ity for the imputed dataset. Overall, age, gender, cardiac comorbidity, pulmonary 

comorbidity, GCS, aneurysm size, setting, electrocardiography (ECG), creatinine, 

sodium, potassium, white blood count (WBC), systolic blood pressure (SBP), pulse rate 

and hemoglobin were associated with mortality. Subgroups of special interest and of 

influence on mortality were a decreased GCS 12-14, (OR 9.81 (95% CI;2.81-34.26)) 

and <9 (OR 15.26 (95% CI;1.87-124.47)) and urgent setting RAAA (OR 22.87 (95% 

CI;19.11-27.36)).

Table 2. Baseline variables in the original dataset, in the imputed dataset, and the Odds Ratio of 
variables in the imputed dataset that are associated with mortality. (n=12401 patients) (continued)

Original dataset  
N (%)

Imputed 
dataset N (%)

Imputed OR for mortality
(95%CI)

Sodium:		 [normal, 135-145] 10348 (83.4) 11227.6 (90.5) Ref.

			   [not normal, <135 or >145] 1035 (8.3) 1173.4 (9.5) 2.77 (2.29-3.35)

			   Unknown 1018 (8.2) - -

Potassium:	 [normal, 3.5-5.0] 10593 (85.4) 11279.1 (91.0) Ref.

			   [not normal, <3.5 or >5.0] 1025 (8.3) 1121.9 (9.0) 2.39 (1.97-2.91)

			   Unknown 783 (6.3) - -

WBC (*109) (mean (SD)) 9.21 (3.24) 9.06 1.23 (1.20-1.25)

Haemoglobin (mmol/l) (mean (SD)) 8.43 (1.20) 8.43 0.50 (0.48-0.53)

SBP (mmHg) 135.95 (26.5) 135.77 0.97 (0.97-0.97)

Pulse:		  [normal, 60-100 bpm] 9206 (74.2) 9905 (79.9) Ref.

			�   [not normal, <60 or >100 
bpm]

2279 (18.4) 2496 (20.1) 1.81 (1.54-2.13)

			   Unknown 916 (7.4) - -

*Hypertension, angina pectoris, diuretics or digoxin
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Multivariable analysis
Overall, independent variables associated with mortality were age, gender, pulmo-

nary comorbidity, operative setting, GCS, systolic blood pressure, ECG, hemoglobin 

and creatinine. (Table 3). The strongest overall predictors of mortality were increased 

pulmonary comorbidity, GCS and setting (RAAA). Tables 3b and 3c show subgroup 

analyses for EAAA and AAAA patients. Potassium, aneurysm size and malignancy were 

additional independent factors associated with mortality.

Table 3. Final multivariable analysis model with the Odds Ratio for the entire AAA group and elec-
tive and acute AAA separately.

3a. AAA 
overall

3b. EAAA 
subgroup

3c. AAAA 
subgroup

Beta-coefficients Beta-coefficients Beta-coefficients

Age (years) .045 .055

Gender  [male] -.398 -.677 -.323

Pulmonary comorbidity [dyspnoea during exercise] .509 .707 .364

Pulmonary comorbidity [invalidating dyspnoea] .587 .338 .681

Pulmonary comorbidity [dyspnoea in rest] .970 1.420 .702

Ruptured AAA 2.519

Symptomatic AAA 1.279 -1.285

Glasgow Coma Scale  [12-14] .589 .583

Glasgow Coma Scale [9-11] 1.123 1.239

Glasgow Coma Scale [<9] 1.182 1.296

Haemoglobin -.113 -.289

ECG [Atrial fibrillation] .387 .393 .397

ECG [ischemia or other] .322 .391 .294

Creatinine .398 .304 0.469

Systolic Blood Pressure -.005 -.007

Potassium .518

Aneurysm Size .019

Malignancy .340

Intercept -5.910 -2.748 -4.909

AUC 0.871 0.703 0.785

H-L 0.198 0.476 0.109
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Hospital variation
Signifi cant interhospital variation was observed for all variables included in the model, 

with the exception of gender.

Model validation
Internal validation, for the overall casemix model, showed a good pooled calibration 

(H-L of 0.198) and good C-statistic of 0.871. For the elective submodel, the pooled C-

statistic was 0.703 with an H-L of 0.476. For the acute submodel the pooled C-statistic 

was 0.785 with an H-L of 0.109. (Table 3 and Figures 2a-c)

	 	

	

A B

C

Figures 2A-C. Tenth iteration of ROC curves following internal validation of the DSAA casemix 
model. (A) overall AAA, (B) EAAA, (C) AAAA
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External validation revealed that overall the VBHOM had the highest discriminative 

performance with a C-statistic of 0.836 and H-L of 0.028. Followed by the DAS with 

a C-statistic of 0.782 and H-L of 0.000. Validation of the GAS resulted in a pooled 

C-statistic of 0.761 and a H-L of 0.128. For the subgroup of EAAA, pooled performance 

of GAS was 0.608 and H-L 0.645, of VBHOM 0.612 and H-L 0.614 and of DAS 0.622 

with a H-L of 0.456. Performance of these models for AAAA surgery was 0.711 and H-L 

0.218, 0.687 and H-L 0.448, 0.716 and H-L of 0.004, respectively. See fi gures 3a-c for 

the AUC curves by setting.

dISCuSSIOn

Key results
The current DSAA data set was based on V-POSSUM, of which the V(p)-POSSUM was 

regarded as being the casemix adjustment model for outcome comparison between 

hospitals. Following thorough investigation, a limited number of casemix variables to 

 
 

 
	

	

	

A B

C

Figures 3A-C.Tenth iteration of ROC curves following external validation of VBHOM, GAS, DAS. (A) 
overall AAA, (B) EAAA, (C) AAAA
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decrease the registration burden was arrived at. A mix of easily collectible variables 

was identified including patient identifiers (age and sex), physiological variables (car-

diac comorbidity represented by ECG, pulmonary comorbidity, GCS (in RAAA patients) 

and SBP), setting (EAAA, SAAA and RAAA), anatomical findings (AAA diameter in 

EAAA patients) and laboratory results (creatinine, hemoglobin). Calibration for all three 

models varied widely for the population of the DSAA. However, DAS calibrated well 

for EAAA patients only compared with VBHOM that did not calibrate well overall and 

GAS that had a good calibration for all groups of patients.

Overall, many variables had a significant association with mortality after both uni- and 

multivariable logistic regression. However, previous studies have shown that casemix 

adjustment has a limited effect on the observed difference between hospitals.11, 15  

While, patient casemix seemed to influence outcome, it did not explain - or only in 

part -  the observed differences between hospitals.15, 16 These interhospital differences 

could also be related to differences in structural - and process factors, by patient 

selection or by the proficiency of the surgical team.15-17 Therefore, risk adjustment by 

casemix seems to have  little impact on outcome differences between hospitals when 

compared with no risk adjustment.17 A more complex casemix, which includes older 

patients with more comorbidity, may be counterbalanced by the continuous improve-

ment in quality of health care.18 However, maintaining risk adjustment by means of a 

limited set of patient casemix variables will remain necessary to moderate potential 

discussion among hospital stakeholders regarding differences in outcomes.

Some variables were more predictive for mortality by operative setting. For example, 

hemodynamic parameters and GCS were particularly important factors in acute AAA 

surgery, while comorbidity and AAA morphology were more associated with mortality 

in elective AAA surgery. Consequently, the observed differences between the mortality 

risk prediction models seemed to be partially related to the population analysed and 

the period of development. For example, DAS was built recently on a Dutch RAAA 

population, while GAS and VBHOM were developed over 10 years ago in an overall 

AAA population, when EVAR had just started to become common practice.3, 19 Conse-

quently, DAS had the best discriminative performance in AAAA surgery on comparison 

with VBHOM and GAS. However, calibration by H-L of DAS was very significant indicat-

ing a low generalisability of the population analysed. This could be due to the fact that 

SAAA patients were also included in the AAAA cohort of the DSAA, resulting in a lower 

mortality than that in the RAAA population in which DAS was developed. Moreover, 

mortality risk prediction only explains the association of the variables with mortality 

and need to be included in the model, whereas casemix variables that are associated 
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with mortality and which do not differ between hospitals not necessarily need to be 

adjusted for.

Missing data in our study were resolved by multiple imputations. Another option to 

handle missing data would be to allocate missing values towards the ‘normal’ category 

under the assumption ‘if not registered then it may not be present at all’ as in V-

POSSUM for example.7, 20 Proper handling of missing values is important in prediction 

models. Automatic transfer (IT links to the electronic patient file) of hospital data and 

of expense claims from other specialists treating co-morbidities, to the web – based 

vascular registry (DSAA) will improve registry compliance and the validity of the data.

Limitations
In the Netherlands, the DSAA is mandatory and in 2015 was validated in 15 randomly 

selected hospitals.13 There were no significant registration flaws. Only some minor 

complications were not registered. Important factors for casemix correction and mor-

tality were not missed. However, there could have been under-registration of patients 

or other data could have been missed per individual patient. Another limitation of this 

study is that the DSAA contains a limited set of casemix variables, based on V-POSSUM, 

and therefore it is possible that other relevant variables were disregarded. However, 

risk adjustment will always be limited to a fixed set of variables leaving immeasurable 

confounders unadjusted for.21

Conclusion

It was possible to establish a compact set of 10 variables, i.e. age, sex, cardiac co-

morbidity, pulmonary comorbidity, GCS, SBP, setting, aneurysm size, creatinine and 

hemoglobin for casemix correction in AAA surgery in the DSAA. Preoperative casemix 

variables associated with mortality can be found in existing mortality risk prediction 

models, such as GAS and VBHOM, but when performing casemix correction they should 

be extracted from the dataset under analysis and ideally differ between hospitals.

Acknowledgements

The authors would like to thank the members of the Dutch Society for Vascular Surgery 

who registered their patients in the DSAA, the Dutch Institute for Clinical Auditing that 

facilitated the registry and the Dutch Surgical Aneurysm Audit group that consists of 

the following members: Dr. B.H.P. Elsman, Prof. J.F. Hamming, Dr. R.H. Geelkerken,. 



91

Towards Optimizing Risk Adjustment in the DSAA

E.D. Wilschut, Dr. A.C. Vahl, Prof. G.J. de Borst, Dr. J.A. Van Herwaarden, Dr. J.W. 

Elshof, Dr. M.C.M. Willems.

Conflicts of interest: None.

Funding: This research did not receive any specific grant from funding agencies in the 

public, commercial, or not-for-profit sectors.



Chapter 4

92

References
	 1. 	 Lijftogt N, Vahl AC, Wilschut ED, et al. Adjusted Hospital Outcomes reported in the Dutch 

Surgical Aneurysm Audit after 2 years of Abdominal Aortic Aneurysm surgery. Eur J Vasc 
Endovasc Surg. 2017 Apr;53(4):520-532.

	 2. 	 Beck N, Hoeijmakers F, van der Willik EM, et al. National Comparison of Hospital Per-
formances in Lung Cancer Surgery: The Role of Case Mix Adjustment. Ann Thorac Surg 
2018;106:412-420.

	 3. 	 Lijftogt N, Luijnenburg TWF, Wilschut ED, et al. Systematic review of mortality risk predic-
tion models in the era of endovascular abdominal aortic aneurysm surgery. Br J Surg. 2017 
Jul;104(8):964-976.

	 4. 	 Samy AK, Murray G, MacBain G. Glasgow aneurysm score. Cardiovasc Surg 1994;2:41-44.
	 5. 	 Tang T, Walsh SR, Prytherch DR, et al. VBHOM, a data economic model for predicting the 

outcome after open abdominal aortic aneurysm surgery. Br J Surg 2007;94:717-721.
	 6. 	 Von Meijenfeldt GCI, van Beek SC, Bastos Gonçalves F, et al. Development and external 

validation of a model predicting death after surgery in patients with a ruptured abdominal 
aortic aneurysm; the Dutch Aneurysm Score. Eur J Vasc Endovasc Surg 2017;53:168-174.

	 7. 	 Prytherch DR, Sutton GL, Boyle JR. Portsmouth POSSUM models for abdominal aortic 
aneurysm surgery. Br J Surg 2001;88:958-963.

	 8. 	 Meguid RA, Bronsert MR, Juarez-Colunga E, et al. Surgical Risk Preoperative Assessment 
System (SURPAS): III. Accurate Preoperative Prediction of 8 Adverse Outcomes Using 8 
Predictor Variables. Ann Surg 2016 Jun;263(6):1042-8.

	 9. 	 Steyerberg E. Clinical prediction models; A Practical Approach to Development, Valida-
tion, and Updating. : Springer; 2009.

	 10. 	 von Elm E, Altman DG, Egger M, et al. The Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) Statement: guidelines for reporting observational stud-
ies. Int J Surg 2014;12:1495-1499.

	 11. 	 Lijftogt N, Vahl AC, Wilschut ED, et al. Adjusted Hospital Outcomes of Abdominal Aortic 
Aneurysm Surgery Reported in the Dutch Surgical Aneurysm Audit. Eur J Vasc Endovasc 
Surg 2017;53:520-532.

	 12. 	 Karthaus E, Lijftogt N, Busweiler L, et al. Textbook Outcome: a Composite Measure for 
Quality of Elective Aneurysm Surgery. Ann Surg 2017 Nov;266(5):898-904.

	 13. 	 The Dutch Institute for Clinical Auditing. Available at: http://dica.nl/media/660/Eindrap-
port_dataverificatie_DSAA_2016.pdf.

	 14. 	 Moons KG, de Groot JA, Bouwmeester W, et al. Critical appraisal and data extraction 
for systematic reviews of prediction modelling studies: the CHARMS checklist. PLoS Med 
2014;11:e1001744.

	 15. 	 Mani K, Venermo M, Beiles B, et al. Regional Differences in Case Mix and Peri-operative 
Outcome After Elective Abdominal Aortic Aneurysm Repair in the Vascunet Database. Eur 
J Vasc Endovasc Surg 2015 Jun;49(6):646-652.

	 16. 	 Lekander I, Willers C, Ekstrand E, et al. Hospital comparison of stroke care in Sweden: a 
register-based study. BMJ Open 2017;7:e015244-2016-015244.

	 17. 	 Mayer EK, Bottle A, Aylin P, et al. What is the role of risk-adjusted funnel plots in the 
analysis of radical cystectomy volume-outcome relationships? BJU Int 2011;108:844-850.

	 18. 	 Mani K, Bjorck M, Lundkvist J, et al. Improved long-term survival after abdominal aortic 
aneurysm repair. Circulation 2009;120:201-211.



93

Towards Optimizing Risk Adjustment in the DSAA

	 19. 	 Patterson B.O., Karthikesalingam A., Hinchliffe R.J., et al. The Glasgow Aneurysm Score 
does not predict mortality after open abdominal aortic aneurysm in the era of endovascular 
aneurysm repair. J Vasc Surg. 2011 Aug;54(2):353-7.

	 20. 	 Prytherch DR, Ridler BM, Beard JD, et al. A model for national outcome audit in vascular 
surgery. Eur J Vasc Endovasc Surg 2001;21:477-483.

	 21. 	 Baiocchi M, Cheng J, Small DS. Instrumental variable methods for causal inference. Stat 
Med 2014;33:2297-2340.





High postoperative mortal ity after

 elective open surgical  abdominal  aort ic 

aneurysm repair in  hospitals  with EVAR 

preference and lessons from an 

instrumental  variable analysis  of  the 

Dutch Surgical  Aneurysm Audit

5

Submitted

N. L i j ftogt
A. C . Vahl

E . G. Karthaus
E. M. van der Wi l l ik

S . Amodio
E. W. van Zwet
J. F. Hamming

in col laborat ion with the Dutch Society of 
Vascular Surgery, the Steer ing Committee 
of the Dutch Surgical  Aneurysm Audit  and 

the Dutch Inst itute for Cl in ical  Audit ing





97

High mortality after elective OSR in hospitals with EVAR preference: an IV analysis

AbStRACt

Introduction:
Mortality following AAA surgery may have changed due to the increased application 

of endovascular aneurysm repair (EVAR) at the expense of open surgical repair (OSR), 

along with hospital preference. Aim of this study was to investigate the effect of hos-

pital preference for EVAR on mortality by using an instrumental variable (IV) analysis.

Material and Methods:
Primary elective infra-or juxtarenal aneurysm (EAAA) repairs registered in the Dutch 

Surgical Aneurysm Audit (DSAA) (2013-2017) were analysed. Mortality in hospitals 

with higher preference (high%EVAR) for EVAR was compared with hospitals with lower 

preference (low%EVAR) divided by the median percentage of EVAR. The RD between 

EVAR and OSR was determined by: unadjusted and adjusted linear regression analysis, 

propensity score (PS) analysis, and IV analysis, adjusting for unobserved confounders, 

using EVAR percentage by hospital as IV-instrument.

Results:
11997 EAAA patients were analysed. The overall mortality RD between high% and 

low%EVAR hospitals was 0.1% (95% CI-0.5-0.4). OSR mortality was signifi cantly higher 

in high%EVAR hospitals compared to low%EVAR hospitals: 7.3% versus 4.0% (RD 3.3%; 

95% CI1.4-5.3). EVAR mortality was 0.9% versus 0.7% (RD 0.2%; 95% CI-0.02-0.6). The 

RD following unadjusted, adjusted and PS analysis was 4.2% (95% CI3.7-4.8), 4.4% 

(95% CI3.8-5.0) and 4.7% (95% CI 4.1-5.3) in favour of EVAR. RD following IV analysis 

was 1.3 (95% CI-0.9-3.6).

Conclusion:
Overall, in high% and low%EVAR hospitals mortality was not signifi cantly different. 

Adjusting for observed confounders EVAR had signifi cantly lower postoperative mor-

tality compared to OSR. However, RD was low and non-signifi cant following IV analysis. 

High- compared to low%EVAR hospitals had signifi cantly higher postoperative mortal-

ity following OSR.
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Introduction

Background
Postoperative mortality in elective abdominal aortic aneurysm (EAAA) surgery has de-

creased significantly since the introduction of EndoVascular Aneurysm Repair (EVAR).1 

A meta-analysis of four historic randomised trials reported the odds ratio for mortality 

following EVAR compared with Open Surgical Repair (OSR) as low as 0.40.2 Also in 

the mandatory registry Dutch Surgical Aneurysm Audit (DSAA) there is a difference in 

mortality between EVAR and OSR (0.9% and 5.0%, respectively)1, 3 When compared 

with the earlier DREAM (Dutch Randomised Endovascular Management) trial in the 

Netherlands, this risk difference (RD) between EVAR and OSR was 3.4%, i.e. EVAR 

(1.2%) and OSR (4.6%).4 The question arises whether in the Netherlands the mortality 

of OSR is changed due to extension of indications for EVAR and how the mortality 

difference in clinical trials relates to the difference in observational studies reflecting 

practice in general. Trials include a selected group of patients and therefore might 

not reflect the real world.5 However, in observational data from national registries, 

comparisons may be biased due to both measured and unmeasured confounders.6 

Confounding by indication for instance occurs when the choice for a specific treatment 

is influenced by the characteristics and comorbidity of patients and preferences of both 

patients and surgeons.7 Change in patient selection and technical skills over time could 

explain the observed increased RD in mortality between EVAR and OSR in the DSAA, 

compared with the randomised trials.

Standard statistical methods for the adjustment of measured confounders are multi-

variable regression analysis and propensity score analysis. However, these methods do 

not adjust for variables that are not or cannot be measured, such as the interpretation 

of the anatomical characteristics of the aneurysm or the preference for one surgical 

procedure or the other. Possible techniques to adjust for unmeasured confounders are 

the instrumental variable (IV) analysis or ecological analysis.6, 8

Objective
In this study the mortality in hospitals with a high preference for EVAR (high%EVAR) 

was compared with low EVAR preference hospitals (low%EVAR). First, the overall RD 

between EVAR and OSR was determined by conventional univariate and multivari-

ate linear regression analysis and propensity score analysis, all adjusting for observed 

confounders.  Then, the current RD in postoperative mortality between EVAR and 

OSR, adjusted for observed and unobserved confounders, was determined following 

IV analysis.
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Material and Methods

Study design
This observational study was conducted in accordance with the STROBE checklist 

(www.strobe-statement.org). First, the effect of preference for EVAR on EAAA mortal-

ity at hospital level was examined and, secondly, the RD in postoperative mortality 

between EVAR and OSR at patient level was calculated.

Data source and participants
Consecutive patients registered in the DSAA, who underwent operation for a primary 

infra- or juxtarenal EAAA between 2013 and 2017, were included for analysis.3 The 

DSAA is a mandatory audit and registers all patients with an aortic aneurysm undergo-

ing surgical treatment in the Netherlands. Data verification was performed in 2015.9 

Patients were non- eligible for and excluded from analysis if data on date of birth, date 

of surgery, survival state, emergency setting or type of procedure (EVAR or OSR) were 

missing. Hospitals performing less than 15 procedures in five years were excluded from 

analysis.

Outcomes
The primary outcome of this study was postoperative mortality, which was defined as 

mortality within 30 days after surgery or during the initial admission period (30-day/

in-hospital).

Statistical analysis
In order to investigate the effect of hospital preference for EVAR on postoperative mor-

tality, hospitals were divided into two groups: hospitals with a relatively high percent-

age(%) of EVAR (> median %) and hospitals with a relatively low% EVAR (< median %). 

The RD on postoperative mortality (%) between patients treated with EVAR and OSR 

was determined in 4 ways: a linear model unadjusted for confounders, a linear model 

adjusted for observed confounders, a propensity score and an IV analysis adjusted 

for unobserved confounders. Patient characteristics and hospital-related factors were 

compared using the t-test and chi-square test.

High%EVAR hospitals versus low%EVAR hospitals
Mortality rates in hospitals with a high%EVAR were compared with low%EVAR hospi-

tals. The percentage of AAA patients that was treated with EVAR per hospital (%EVAR) 

(i.e. ‘’treatment preference’’ of the hospital) was used as instrumental variable for 

further analysis. We divided all hospitals into two groups with the median %EVAR per 

hospital as a cut-off point, i.e. those with a low%EVAR and those with a high%EVAR in 
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AAA patients. We demonstrated the distribution of measured possible confounders 

between these two groups. Then, results of these patient groups were used in a calcu-

lation model, based on the postoperative results in our patient groups. In the model 

we hypothesised that certain patients will always get EVAR or OSR in every hospital. 

The remaining third ‘’marginal’’ group were there is a choice, depends on hospital 

preference: all EVAR or all OSR.

Unadjusted linear regression analysis
Crude mortality rates in patients treated with EVAR and OSR were compared using a 

linear regression model. When considering a binary outcome, it is standard practice 

to use logistic regression. The effect of EVAR versus OSR will then be estimated as 

an odds ratio (OR). As we preferred to estimate the effect as an RD, we used linear 

regression.

Adjusted linear regression analysis
In order to correct for observed confounders, we used a linear regression model to 

compare adjusted mortality rates in patients treated with EVAR and OSR. Patient char-

acteristics of influence on mortality were selected by univariable logistic regression 

(see Table 1). Then, the adjusted RD for mortality was analysed by multivariable linear 

regression analysis.

Propensity score risk adjustment
This was carried out in two successive steps. In the first step, a multivariable logistic re-

gression analysis with every variable associated with ‘choice of treatment’ by univariable 

analysis was performed. In the second step the RD was estimated, using multivariable 

linear regression analysis for the primary outcome ‘postoperative mortality’, adjusted 

for the propensity score obtained in step 1 and the choice of treatment as predictors.

Instrumental variable analysis
For the IV analysis the proportion of patients treated with EVAR at each centre was 

used as an instrumental variable to adjust for unobserved confounders with the Two-

Stage Least Squares (2SLS) method. We started by computing the proportion of EVAR 

in each hospital from the hospital identifier. Next, we fitted a model for mortality with 

the predicted probability of EVAR as the only co-variable.

An IV analysis can be used to estimate the effect of a treatment in observational data, 

corrected for unobserved confounders. An IV is a factor that strongly influences the 

choice of treatment, but which has no independent influence on patient outcome. 

Thus, an IV is not related to the prognosis of the patient. When carrying out IV analysis 
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individual patients with differing treatments are not compared, but rather the outcomes 

of patients with a different chance of getting a certain treatment. The methods of IV 

analysis are described in detail elsewhere.6

When using an IV analysis to compare mortality after OSR and EVAR in patients with an 

AAA, we made two assumptions, based on earlier results from the DSAA:

1.	 Patients with an AAA are randomly divided over all hospitals that perform AAA sur-

gery in the Netherlands1

2.	 Quality of AAA-related care is equal in each hospital1

The strength of the IV was tested with the partial F-statistic. The co-variables used in 

this model were the same as in the first step of the propensity score analysis, except 

that the actual treatment is not in the model. Outcome was reported as an RD between 

EVAR and OSR.

All statistical analyses were performed using R statistical software (version 3.5.1) and 

SPSS (version 23.0).

Results

Participants
A total of 12 350 patients were registered. Following application of the exclusion cri-

teria, 12 009 (97.6%) of these patients were analysed. One hospital that registered 12 

patients in 5 years was excluded, leaving 11 997 EAAA patients. (Figure 1) Verification 

in 2015 showed that the data in the DSAA are virtually complete and that no major 

events have been missed.9

Descriptive Data
Of these patients, 77.1% (n=9255) were treated with EVAR without conversion, 0.2% 

(n=24) were converted from EVAR to OSR and analysed in the EVAR group, and 22.7% 

(n=2718) were treated with OSR. The percentage of EVAR varied between hospitals 

(range 53.4-100) with a mean of 77.3% and median of 76.6%. There were 5961 patients 

in the high%EVAR group and 6036 in the low%EVAR group. The mean percentages of 

EVAR were 85.7% versus 69.1%, respectively; mean difference 16.6%. There were 28 

high%EVAR hospitals (8 university/large teaching hospitals: 29%) and 34 low%EVAR 

hospitals (9 university/large teaching hospitals: 26%).
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Table 1 shows the baseline characteristics. Age, gender, cardiopulmonary comorbidity, 

malignancy, aneurysm size, electrocardiography (ECG) abnormalities, sodium, potas-

sium, white blood count (WBC), systolic blood pressure (SBP) and haemoglobin dif-

fered significantly between EVAR and OSR patients. Summarizing, EVAR patients were 

older, more often men, had smaller AAA diameters and less comorbidities.

The mean overall OSR volume was 52 patients per hospital (range 0-118): 35 in 

high%EVAR hospitals (range 0-68) and 69 in low%EVAR hospitals (range 17-118). 

The mean overall EVAR volume was 185 patients per hospital (range 32-387): 205 

in high%EVAR hospitals (range 101-382) and 164 (range 32-387) in the low%EVAR 

hospitals. Information about suprarenal clamping was registered in 1545 consecutive 

cases since 2015: 1011 patients in low%EVAR hospitals and 534 patients in high%EVAR 

hospitals. Of these patients, 256 (25.3%) and 167 (31.3%), respectively, underwent 

suprarenal clamping (OR 1.34, 95% CI 1.07-1.69, p=0.013).

Figure 1. Flowchart of analysed and excluded patients.
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High mortality after elective OSR in hospitals with EVAR preference: an IV analysis

Outcome data and main results

Outcome by hospital preference; EVAR versus OSR.
Table 2 describes the postoperative mortality in high% and low%EVAR hospitals with 

a RD of 0.1% (95% CI -0.5-0.4) which was not statistically significant. The mortality of 

7.3% after OSR in high%EVAR hospitals was significantly higher than in low%EVAR 

hospitals: 4.0%. In order to understand differences in outcome related to hospital 

preference for EVAR, we analysed confounding variables for both OSR and EVAR by 

high and low%EVAR hospitals. (Table 3). We can conclude that in high%EVAR hospitals 

patients in both treatment groups have significantly less comorbidity. In other words, 

patients in high%EVAR hospitals seemed to be healthier.

Using the mortality results in our cohort, a model is described in the appendix. In this 

model we suppose that in high%EVAR hospitals there are no patients with OSR, who 

could have been treated with EVAR. In low%EVAR hospitals there are some patients 

with OSR who would have been treated with EVAR in high%EVAR hospitals. According 

to this calculation the mortality of OSR in patients, where there is discussion of prefer-

ence for EVAR or OSR, is 1.3% and, in case of EVAR the mortality is 1.7%. Patients in 

the ‘’marginal’’ group seem to be better off with OSR.

Unadjusted analysis
The overall crude mortality was 1.8% (n=212): 0.8% (n=75) after EVAR and 5.0% after 

OSR (n=137): RD 4.2% (95% CI 3.7-4.8). The RD in high% compared with low%EVAR 

hospitals was 0.1% (95% CI -0.5-0.4): mortality 1.8% and 1.7%, respectively (Table 2).

Table 2. Mortality by high and low percentage EVAR hospitals for EVAR. Univariate analysis ob-
served mortality in the DSAA by procedure by hospital preference; low% versus high% EVAR hos-
pitals.

Crude analysis Mortality

OSR EVAR Overall

Number % Number % Number

High percentage EVAR 62 / 854 7.3% 46 / 5107 0.9% 108 / 5961 1.8%

Low percentage EVAR 75 / 1864 4.0% 29 / 4172 0.7% 104 / 6036 1.7%

OR 1.87 
(95%CI; 1.32-2.64)

OR 1.30 
(95%CI; 0.81-2.07)

OR 1.05 
(95%CI; 0.80-1.38)
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Adjusting for observed confounders
Potential confounding variables following univariable analysis for the outcome mortal-

ity were sex, age, cardiopulmonary state, ECG, AAA diameter, sodium, potassium, 

creatinine, haemoglobin and year of surgery. This resulted in an RD of 4.4% (95% CI 

3.8-5.0).

Table 4. Propensity scores for treatment with EVAR.

Variables Odds Ratio 95% Confidence Interval

Female sex .497 .438 .564

Age per year 1.069 1.062 1.076

     2013 Ref.

     2014 1.215 1.050 1.406

     2015 1.518 1.305 1.765

     2016 1.369 1.180 1.588

     2017 1.357 1.167 1.578

Percentage EVAR 1.064 1.059 1.069

Aneurysm size per mm .971 .967 .975

Systolic Blood Pressure .996 .994 .999

Haemoglobin (g/dl) 1.099 1.047 1.154

White Blood Count .959 .937 .981

Normal Sodium (135-145) Ref.

     High- or low Sodium (<135 or >145) 1.012 .822 1.246

     Sodium Unknown 1.091 .811 1.468

Normal Potassium (3.5-5.0) Ref.

    High- or low Potassium (<3,5 or >5,0) .775 .644 .934

    Potassium Unknown 1.262 .899 1.772

No Malignancy Ref.

     Any Malignancy 1.298 1.146 1.471

     Malignancy Unknown .767 .442 1.331

Normal Electrocardiography Ref.

     Atrial Fibrillation 1.085 .881 1.337

     MI or any other deviating result .877 .787 .977

     Electrocardiography Unknown 1.349 1.127 1.615

No Cardiac Comorbidity Ref.

     Oedema 1.145 .945 1.386

     Elevated CVP 1.737 1.163 2.596

     Medication for Hypertension .950 .859 1.050

     Cardiac Comorbidity Unknown .874 .663 1.153
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Propensity score
We fitted two models. First, a model to estimate the probability of EVAR, given the 

covariates selected by univariate analysis: the propensity score. (Table 4) Second, a 

model estimating the EVAR/OSR effect, adjusted for the propensity score. The EVAR/

OSR effect was estimated at 4.7% (95% CI 4.1-5.3) in favor of treatment with EVAR.

Adjusting for unobserved confounders
Concluding from these results, the observed clinical variables hardly confound the effect 

of EVAR versus OSR. However, there are still unobserved confounders. To explain the 

principle of instrumental variables hospitals are divided into two categories according 

to the percentage of patients treated with a particular treatment: high%EVAR hospitals 

versus low%EVAR hospitals. This (dichotomised) percentage can then be used as an 

instrumental variable. We do note that this is much more crude (less informative) than 

using the actual percentage per hospital. The mean difference of EVAR treatment is 

16.6% in high%EVAR hospitals versus low%EVAR hospitals (see descriptive data). The 

overall RD in postoperative mortality is 0.1% (table 2). So, the mortality advantage of 

EVAR compared to OSR is 0.6% (0.1%/0.166). This is a crude number, but much less 

then the RDs calculated from unadjusted and adjusted analysis.

Following IV analysis (2SLS with the %EVAR per hospital as the instrument) the EVAR 

versus OSR effect was now estimated at a RD of 1.3% (95% CI -0.9-3.6) (p=0.26), which 

is not significant anymore.

Discussion

This study shows that hospitals with a preference for EVAR provide no benefit in 

postoperative mortality compared to hospitals with a lower preference for EVAR. 

The postoperative mortality after OSR is 7.3% in high%EVAR hospitals with a RD of 

3.3% in favour of low%EVAR hospitals. The estimated RD of postoperative mortality 

Table 4. Propensity scores for treatment with EVAR. (continued)

Variables Odds Ratio 95% Confidence Interval

No Pulmonary Comorbidity Ref.

      Dyspnoea exercise 1.000 .891 1.122

      Invalidating dyspnoea 1.568 1.159 2.120

      Dyspnoea rest 1.467 .901 2.390

      Pulmonary comorbidity Unknown .909 .624 1.323
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after EVAR compared with OSR is dependent on the analytical method used in large 

observational studies. After adjustment for known confounders, the RD was 4.4%. Fol-

lowing IV analysis we found a RD of 1.3% in favour of EVAR, which is not significant 

anymore. This seems to be a paradox.  Does this mean that there is really no difference 

in postoperative mortality between EVAR and OSR?

This RD between EVAR and OSR with IV analysis in our cohort is less good then the 

RD in the Dutch DREAM trial: 3.4% (95% CI -0.3-7.7).4 The results of IV analysis are 

expected to be somewhere between those of randomised controlled trials and ob-

servational data studies.10 This is due to the fact that randomised controlled trials are 

optimised by patient selection and tend to overestimate the effect of clinical practice, 

while observational data might be subject to bias because of confounders that need 

to be adjusted for.10 When the instrumental variable points are strong and valid, the 

RD would ideally be comparable to those presented in RCTs.10 However, in the Neth-

erlands, after correction for non-observed confounders in the IV analysis, EVAR results 

have a non-significant lower postoperative mortality compared to OSR. There may be 

3 reasons for this observation: (1) by correcting for unobserved confounding, bias is 

removed and the effect is smaller, (2) by replacement of the actual treatment by the 

expected treatment, there is a major loss of information and therefore a loss of power 

and (3) choosing an IV, explained in the methods section, means that the hospital is 

a proxy for the choice of the treatment and that the outcome only depends on the 

(choice) of treatment and not by the hospital or practitioner.  However, in IV analysis 

there may still be hidden bias at hospital level with regard to degree of surgical skill 

and the hospital infrastructure.8 So, are there anyway hospitals with worse results?

The results from OSR were less good in high%EVAR hospitals compared to low%EVAR 

hospitals, while comorbidities were less, also in OSR patients. Unfortunately, the ques-

tion whether a lower threshold for performing EVAR results in relatively more complex 

OSR procedures cannot be answered as this was not registered in the DSAA. However, 

the poorer result of OSR in hospitals with a relative preference for EVAR is not in line 

with the literature. A recent meta-analysis concluded that postoperative mortality after 

OSR in the pre-EVAR and post-EVAR eras is almost the same at around 2%.11 Patients 

who underwent OSR in the post-EVAR era have a more complex anatomy, but were 

shown to be fitter, resulting in an unchanged overall postoperative mortality.11 This 

increased complexity of OSR caused by more difficult anatomy, despite similar comor-

bidities, has occurred since more hospitals have chosen the endovascular procedure.12 

High%EVAR hospitals had a higher percentage of suprarenal clamping as compared 

to low%EVAR hospitals in our study with a difference of 6%. However, according to 

the literature, suprarenal clamping may result in increased morbidity but not increased 
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mortality.13 Where suprarenal clamping is necessary, mortality is comparable with those 

patients undergoing OSR with infrarenal clamping.14 On the basis of the IV analysis 

(rough calculation as well as 2SLS) and our calculation model we conclude that to apply 

a low threshold to EVAR does not lead to mortality profit for the entire patient group.  

Should we choose more often for OSR?

In the SWEDVASC15 with relatively fewer patients undergoing EVAR (65%), the overall 

mortality (1.9%) is the same; the EVAR mortality is slightly higher (1.7%) and OSR mor-

tality is much lower (2.4%) than our results. A low threshold for EVAR may also result 

in EVAR being carried out in relatively more complex cases, more chimneys (ChEVAR) 

and fenestrations (FEVAR).11 This strategy also probably leaves relatively more complex 

cases in the OSR group, but unfortunately this could not be analysed in the DSAA. 

These more complex procedures approximate the results of OSR.14, 16 The appendix 

explains the mathematical scenario in which patients are divided into 3 groups: pa-

tients in whom EVAR is always possible (N1) or is always impossible (N2) and a third, 

marginal, group where there is no agreement (N3). From this scenario, based on DSAA 

results, it may be concluded when in doubt, OSR might be the preferred treatment.

Limitations
This study has the same limitations as other observational studies. First, patient se-

lection. The turndown rate may differ between hospitals, and there may be referral 

selection, meaning that choices of treatment might be different. However, in our data 

set the university and large teaching hospitals are equally divided between the groups 

of high and low%EVAR hospitals. High%EVAR centres do not have more observed 

comorbidities, however the severity of comorbidities is difficult to capture, even with 

the items included in the V-POSSUM.17, 18 It is possible that patients with a difficult 

anatomy are referred, leading to higher mortality in the OSR group in high%EVAR 

hospitals. Another possible limitation are the missing values, but there were few of 

these in our study.

Conclusion

The mortality after AAA surgery is similar between hospitals with a higher preference 

for EVAR (high%EVAR hospitals) when compared with hospitals with a lower preference 

for EVAR (low%EVAR hospitals). In hospitals with a higher preference for EVAR the 

mortality after OSR is high and significantly higher than in hospitals with a relatively 

low preference for EVAR. We consider that a major concern. In classical adjusted analy-

ses, with adjustment for known confounders, EVAR (on the patient level) results in a 
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significant lower in hospital and 30-day mortality, compared to OSR. However, after 

instrumental variable analysis, with adjustment for unknown variables, the risk differ-

ence is less good than in the randomised trials and not significant anymore. This means 

that the assumption for IV analysis ‘’the outcome of the chosen treatment should not 

depend on the hospital’’ is subject to debate in The Netherlands.
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AbStRACt

Objectives:
Failure to rescue (FTR) is a composite quality indicator, defi ned as the proportion of 

deceased patients following major complications. The aims of this study were to com-

pare FTR with mortality for hospital comparisons in abdominal aortic aneurysm (AAA) 

surgery in The Netherlands and investigate hospital volume and associated factors.

Material and Methods:
Patients prospectively registered between 2013 and 2015 in the Dutch Surgical Aneu-

rysm Audit (DSAA) were analysed. FTR was analysed for AAA patients and subgroups 

elective (EAAA) and acute (AAAA; symptomatic or ruptured) aneurysms. Variables and 

hospital volume were analysed by uni- and multivariable regression analysis. Adjusted 

hospital comparisons for mortality, major complications, and FTR were presented 

in funnel plots. Isomortality lines were constructed when presenting FTR and major 

complication rates.

Results:
A total of 9258 patients were analysed in 61 hospitals: 7149 EAAA patients (77.2%) 

and 2109 AAAA patients (22.8%). There were 2785 (30.1%) patients with complications 

(unadjusted range 5-65% per hospital): 2161 (77.6%) with major and 624 (28.4%) pa-

tients with minor complications. Overall mortality was 6.6% (adjusted range 0-16% per 

hospital) and FTR was 28.4% (n = 613) (adjusted range 0-60% per hospital). Glasgow 

Coma Scale, age, pulse, creatinine, electrocardiography, and operative setting were 

independently associated with FTR. Hospital volume was not associated with FTR. 

In AAAA patients hospital volume was signifi cantly associated with a lower adjusted 

major complication and mortality rate (OR 0.62, 95% CI 0.49-0.78; and 0.64, 95% CI 

0.48-0.87). Four hospitals had a signifi cant lower adjusted FTR with different major 

complication rates on different isomortality lines.

Conclusion:
There was more variation in FTR than in mortality between hospitals. FTR identifi ed the 

same best performing hospitals as for mortality and therefore was of limited additional 

value in measuring quality of care for AAA surgery. FTR can be used for internal quality 

improvement with major complications in funnel plots and diagrams with isomortality 

lines.
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Introduction

Clinical audits have become increasingly appreciated as a tool for quality improve-

ment in vascular surgical care.1 Medical improvement can be achieved using feedback 

on the hospital’s structure, processes and outcomes of care. Traditionally, outcome 

parameters such as post-operative mortality and complication rates are used for this 

purpose.2 However, statistical uncertainties associated with low hospital volume or low 

event rates cause difficulties in the interpretation of the observed variation in outcome 

between hospitals.3 In abdominal aortic aneurysm (AAA) surgery the introduction of 

endovascular aneurysm repair (EVAR) has resulted in a marked decrease in post-oper-

ative mortality and complications.4,5 With a mean mortality of 0.9% in EVAR patients in 

registries such as the Dutch Surgical Aneurysm Audit (DSAA) or 0.6% in the Swedish 

vascular registry (SWEDVASC), post-operative mortality as a single quality indicator 

seems to be of limited discriminative value for hospital comparisons.6,7 Moreover, 

mortality is dependent on both casemix and hospital performance.8

To focus on hospital processes, composite outcome measures have been developed 

that tend to be more related to hospital processes and are less sensitive to errors in risk 

adjustment.8-12 Examples of composite outcome measures are “textbook outcome” 

(TO), a measure for the percentage of patients with full achievement of desired out-

comes, and “failure to rescue” (FTR), which represents the ability to treat complications 

effectively and therefore prevent death.10,13-15

The primary objective of this study was to compare FTR between hospitals performing 

AAA surgery. The second aim was to investigate whether FTR is a more discriminative 

outcome parameter than mortality or major complications. Additionally, variables con-

tributing to FTR and the consequent adjusted association between FTR and hospital 

volume were investigated with the aim of comparing quality of AAA surgery between 

hospitals.

Material and Methods

Dataset
Variables and outcomes were retrieved from the DSAA, a mandatory national vascular 

audit in which every vascular unit has registered all primary AAA repairs in the Neth-

erlands since 2013. Registration is performed according to a protocol approved by 

the scientific board, a group of vascular surgeons representing the interests of Dutch 
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hospitals. For the year 2015 data verification was performed by at random selection of 

14 hospitals for review (Supplementary material A).

Patients
All patients undergoing primary, infra- or juxtarenal AAA surgery in 2013, 2014, and 

2015 registered in the DSAA were evaluated. Analysis was performed on a patient 

level. The minimal complete dataset to consider a patient eligible for analysis included 

date of birth, date of surgery, operative setting/urgency (elective/acute symptomatic/

ruptured aneurysm), type of procedure (EVAR or open surgical repair; OSR), and mor-

tality. Patients undergoing surgery in hospitals that stopped performing AAA surgery 

during the study period and fewer than 15 patients in three years registered in the 

DSAA were excluded from analysis.

Procedures
Procedures were divided into EVAR or OSR and the setting into elective (EAAA) or 

acute (AAAA) surgery. The AAAA group was a composite group of ruptured (RAAA), a 

patient needing surgery within 2 hours, or as soon as possible if extravasation was seen 

on computed tomography angiography (CTA), and acute non-ruptured symptomatic 

aneurysms (SAAA), a patient needing surgery within 24 hours if no extravasation was 

present on CTA. EVAR procedures converted to OSR were categorised by intention to 

treat.

Outcome definitions
Mortality was defined as death within 30 days after surgery or within the same hospital 

admission (in hospital mortality). A complication was defined as death or any peri-

operative- or post-operative complication.11 A major complication was defined as post-

operative death or a peri- or post-operative complication leading to a re-intervention 

or prolonged hospital stay. A minor complication was defined as a complication not 

resulting in a re-intervention, prolonged hospital stay, or mortality. A prolonged hospi-

tal stay was defined as the length of hospital stay (LOS) exceeding the 75th percentile 

of the LOS per subgroup of living patients registered in the DSAA between 2013 and 

2015: EVAR or OSR stratified by EAAA, SAAA, or RAAA surgery.

Failure to rescue was defined as the number of patients that died within 30 days after 

surgery or in the same hospital admission, divided by the number of patients with 

major complications.
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Statistical analysis
Baseline characteristics, surgical treatment and 30 day mortality were analysed for the 

overall group of AAA patients and for the subgroups of EAAA and AAAA patients 

when appropriate. Baseline analysis was performed for three outcomes on a patient 

level: no complications, only minor complications, or at least one major complication. 

Continuous variables were analysed to test normality and linearity. Missing values for 

continuous variables were imputed with the overall mean in the case of linearity and 

normality. When no linearity or normality was found for continuous variables, these 

were categorised. Categorical variables were dichotomised and missing values were 

ana- lysed as the group unknown for further analysis. Univariable and multivariable 

logistic regression analysis were performed in order to identify independent casemix 

and operative setting variables associated with FTR. A p value < .05 was considered as 

statistically significant.

Adjusted mortality, major complication rates, and FTR were compared between 

hospital volume tertiles. To ensure casemix corrected comparison between hospitals, 

a multivariable logistic regression analysis was used to adjust outcomes for patient 

characteristics by variables measured on admission in part based on the re-estimated 

V(p)-POSSUM variables on the Dutch population,6,16,17 including age, gender, systolic 

blood pressure, heart rate, pulmonary status, cardiac status, preoperative electrocar-

diography (ECG), creatinine, Glasgow Coma Scale (GCS), haemoglobin, and operative 

setting: EAAA, SAAA or RAAA. Hospital comparisons were displayed in funnel plots 

with 95% confidence intervals: hospital volume versus mortality and major complica-

tions, as well as volume of major complications versus FTR. Finally, per hospital the 

percentage of adjusted FTR was shown in relation to the percentage of adjusted major 

complications represented by isomortality lines. Consequently, if mortality is consid-

ered a major complication, then the mortality rate equals the major complication rate 

multiplied by the FTR. If the major complication rate is plotted on the x-axis and the 

FTR on the y-axis, then all points lying on the line y = c/x correspond to the same 

mortality rate c.

Adjusted outcome was calculated as the percentage observed events divided by the 

percentage expected events times the mean observed percentage of events, repre- 

sented in funnel plots with 95% confidence intervals. Iso- mortality lines reflect the 

same mortality percentage across these lines for every hospital.

Additionally hospitals were divided into tertiles based on their procedural volume 

after three years of surgery: low, medium, and high volume hospitals. Mortality, major 
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complications, and FTR were compared between these tertiles, both adjusted and 

unadjusted. Statistical analysis was performed in SPSS version 23.0.

Results

Patients
A total of 9353 patients were registered by 63 hospitals and 9273 (99.1%) of these 

patients met the inclusion criteria of this study. After exclusion of two hospitals (regis-

tration of three and 12 patients), 9258 patients were included for analysis (Figure 1). In 

Table 1 patient and treatment characteristics are shown as input for adjustment. The 

mean age was 73.2 years and 85.8% were male. Cardiac comorbidities and pulmonary 

comorbidities were most frequently seen, respectively 47.5% and 22.8%. There were 

7149 EAAA patients (77.2%) and 2109 AAAA patients: 641 SAAA (6.9%) and 1468 

RAAA (15.9%). The majority of patients were treated by EVAR (n = 6,317, 68.2%; and 

0.5%, n = 47 EVAR converted to OSR). In the subgroup of EAAA patients 76.6% (n = 

5473) were treated by EVAR compared with 58.0% (n = 372) of the SAAA and 35.4% (n 

= 519) of the RAAA patients.

Outcomes: complications and mortality 
Overall, a total of 6473 (69.9%) patients had no complications. There were 2785 (30.1%) 

patients with one or more complications (range 5-65% per hospital). There were differ-

ences in baseline characteristics between patients with no, only minor, or at least one 

major complication. Patients with major complications had more comorbidities. Overall 

6.7% (n = 624) of the patients had only minor complications. The overall percentage 

of major complications was 23.3% (n = 2161). The overall mortality was 6.6% (n = 613) 

	Figure 1. Flowchart of patient selection.
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with an adjusted range of 0-16% per hospital. In Table 2, more detailed information is 

shown for operative setting and technique performed.

The median length of hospital stay for EAAA, SAAA, and RAAA patients after EVAR 

was respectively 2 (IQR 2-4), 4 (IQR 2-6), and 7 (IQR 5-13) days. After OSR this was 

respectively 8 (IQR 7-12), 10 (IQR 7-15), and 15 (IQR 10-24) days.

Failure to rescue
In Table 3 the odds ratio (OR), unadjusted and adjusted, for FTR is shown after analys-

ing the overall patient group, and for the subgroups of EAAA and AAAA patients. 

In 613 patients (28.4%) FTR was observed. The adjusted variation in FTR between 

hospitals ranged from 0 to 60%. The number of patients with a major complication 

in EAAA patients was 1159 with a mean percentage of FTR of 11.6% (n = 135): 9.2% 

after EVAR and 13.2% after OSR. In AAAA patients the number of patients with a 

major complication was 1002 with a percentage FTR of 47.7% (n = 478): 51.0% after 

Table 2. Summary of mortality, minor and major complications by procedure and setting

Overall

No.
Patients

%

EAAA AAAA

No. 
Patients

% No. 
Patients

%

SAAA RAAA

No. 
Patients

% No. 
Patients

%

Mortality

EVAR 175 2.7% 42 0.8% 133 14.9% 18 4.8% 115 22.2%

OSR 438 15.1% 93 5.5% 345 28.3% 28 10.4% 317 33.4%

All patients 613 6.6% 135 1.9% 478 22.7% 46 7.2% 432 29.4%

Minor complications

EVAR 489 7.7% 378 6.9% 111 12.5% 32 8.6% 79 15.2%

OSR 135 4.7% 18 1.1% 117 9.6% 3 1.1% 114 12.0%

All patients 624 6.7% 396 5.5% 228 10.8% 35 5.5% 193 13.1%

Major complications

EVAR 717 11.3% 456 8.3% 261 29.3% 64 17.2% 197 38.0%

OSR 1444 49.9% 703 41.9% 741 60.8% 122 45.4% 619 65.2%

All patients 2161 23.3% 1159 16.2% 1002 47.5% 186 29.0% 816 55.6%
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EVAR and 46.6% after OSR. Preoperative variables independently associated with FTR 

were GCS, age, pulse rate, creatinine, ECG, and operative setting (acute operation). 

Furthermore, for the subgroup of EAAA patients, pulmonary comorbidity and pre-

operative haemoglobin were significantly associated with FTR; for AAAA preoperative 

systolic blood pressure was also independently associated with FTR.

FTR and hospital volume
Total hospital volume, as for the subgroups of EAAA and AAAA patients, were split 

into tertiles. Low overall volume was defined as up to 149 patients in three years of 

AAA surgery and high volume at 198 patients or more. For subgroup analysis the EAAA 

volume was split into the following groups: < 110, 110-156, and > 156 patients per 

hospital. AAAA volume was split in groups of <36, 36-49, >49 patients per hospital. 

Nine of 12 high volume EAAA hospitals were also high volume AAAA hospitals. For 

unadjusted only, there was an association between lower FTR and medium or high 

volume hospitals rather than with low volume hospitals (OR for high volume 0.79; 95% 

CI 0.63-0.99, and for medium volume 0.79; 95% CI 0.63-0.98). There was a statistically 

significant independent adjusted association between high hospital volume and mor-

tality (OR 0.79; 95% CI 0.62-1.00), but not for the percentage of major complications 

and FTR (Table 4). The subgroup of high volume AAAA hospitals treating 50 patients 

or more in three years performed significantly better regarding mortality (OR 0.64; 95% 

CI 0.48-0.87) and major complications (OR 0.62; 95% CI 0.49-0.78) than low volume 

hospitals. However, the adjusted OR for FTR was not significant.

Hospital comparisons
For hospital comparisons, the first step was the overall adjusted mortality rate per 

hospital volume (Figure 2). There were four hospitals (green) with a statistically signifi-

cant lower adjusted mortality than the national mean. There was only one low volume 

hospital with a significantly higher mortality (red). The second step was the percent-

age of patients with one or more major complications per hospital volume (Figure 

3). There was a wide variation in the number of complications and the (adjusted) 

complication rate including several hospitals performing significantly better or worse 

than the national average. However, the four green hospitals (low mortality) and one 

red (high mortality) performed within the confidence limits of the national average of 

major complication rates. However, in the third step (Figure 4) it can be concluded 

that these four green hospitals, next to a lower mortality, also have significant lower 

FTR. In contrast, those hospitals with more complications than the national average 

scored within the confidence limits for FTR and for mortality, including the one hospital 

performing significantly worse for mortality than the national average.
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In the final step (Figure 5) adjusted FTR is plotted against the adjusted complication 

rate. By adding the isomortality lines, hospitals can get insight into their performance, 

compared with other hospitals, for three parameters together in one plot: mortality, 

complication rate, and FTR.
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Figure 2. The adjusted mortality rate per hospital (volume) in patients after AAA surgery (95% CI).
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Figure 3. The adjusted major complication rate per hospital (volume) in patients after AAA surgery 
(95% CI).



Chapter 6

132

Additional analysis for EAAA and AAAA can be found in the Supplementary material 

B and C.
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Figure 4. The adjusted FTR per volume of complications by hospital after AAA surgery (95% CI).
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Figure 5. The adjusted percentages of FTR and major complications after AAA surgery. The hyper-
bolic lines project the mortality in relation to the percentage major complications and the mortality 
after major complications. From left to right each line has a 1% higher mortality for every hospital 
crossing that line starting at 1%, with the overall mean percentage mortality of 6.6% projected with 
the blue line.
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Discussion

This study has shown an increased variation between hospitals in The Netherlands 

performing AAA surgery for the composite outcome measure FTR compared with the 

single measure mortality. But FTR did not identify those hospitals with a significantly 

higher mortality following major complications. Besides, best performing hospitals 

regarding mortality were the same hospitals for FTR, independent of the low power in 

the denominator. Therefore, FTR can be used for internal quality purposes, but is of 

limited use for hospital comparisons in the AAA treatment evaluation next to mortality 

and complication rates. By combining FTR and complication rate in one plot together 

with isomortality lines, each hospital gets insight in these three parameters for quality 

assessment in one plot.

FTR reflects the ability of a surgical team to recognise and treat complications ad-

equately. However, hospitals with undesirably high complication rates can have a low 

FTR while a high FTR can be observed next to a low complication rate. Since FTR is 

merely dependent on the number of major complications related to overall hospital 

volume and death rate, it is important to report this outcome measure together with 

mortality and major complications by hospital volume. Mortality as a single indicator is 

highly dependent on the type of admission and operative setting and separate analyses 

are necessary for EAAA and AAAA surgery for hospital comparisons. The advantage 

of FTR as an indicator is that all AAA patients can be analysed together. The ability to 

recognise and treat major complications and avoid mortality is unrelated to the type of 

admission and operative setting. In other words, complications associated with acute 

surgery must be just as appropriately treated as complications in the elective setting.

One of the difficulties regarding FTR is the definition used in which every patient that 

dies following a major complication is graded as preventable death.18 However, death 

may be an unwanted outcome but cannot always be prevented, which can be the 

case in emergency surgery, such as RAAA patients.19,20 Another difficulty is that the 

definition used for FTR varies in the types of complications that are included in the 

denominator or whether or not to exclude those patients that die without a complica-

tion.19 The authors support the view of the developers of FTR, that death is considered 

as a result of a complication and therefore all deaths should be included in FTR, in 

the numerator and in the denominator.11 Although alternatives have been proposed, 

the inclusion of mortality in the denominator also overcomes the problem of under, 

or different, registration of complications and statistical uncertainties following low 

volume and wide confidence intervals.9,18,20,21 These discrepancies make international 

comparisons difficult.
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Primarily, FTR was investigated because of the low discriminative ability of the low 

mortality rates in elective AAA surgery.6 Indeed, the mean FTR in this study is higher 

(9.2% EVAR and 13.2% OSR), with more variation, than the mean mortality as described 

for EAAA patients and was similar to a study in 2015: 9.6% FTR for EVAR and 11.1% 

FTR for OSR.22 However hospital variation regarding outliers is disappointing. A study 

investigating FTR in EAAA surgery revealed percentages even lower than earlier 

described: 0.6% for EVAR and 2.7% for OSR.23 This can be caused by the inclusion 

of different complications in the FTR denominator. The standardisation of definitions, 

assessment tools, clinically relevant endpoints, and adherence to national reporting 

guidelines would help improve the investigation of system factors that influence vascu-

lar outcomes.24 In addition, combining FTR with other composite outcome measures, 

for example TO, could improve quality assessment and create awareness regarding the 

performance of individual hospitals.15

An advantage of FTR is that it reflects the ability of the surgical team to treat com-

plications and avoid (consequential) death. It is therefore more dependent on hos-

pital factors than on patient (casemix) factors.10,25 However, the influence of age on 

outcomes like FTR cannot be underestimated.26 In this study there were only a few 

baseline characteristics of influence on FTR with the majority for overall and acute AAA 

surgery indicating that in general, FTR is merely influenced by hospital characteristics 

instead of casemix. Hospital volume was not found to be associated with FTR. However 

several studies have underlined the importance and influence of hospital volume on 

FTR.14,23,27,28 One study found a significant volume FTR association for OSR but not for 

EVAR.25 Consequently, as expected, AAAA surgery resulted in a less favourable FTR than 

EAAA and OSR had a worse FTR than EVAR. Therefore, operative setting was included 

for adjustment as it is an important casemix variable. Owing to the minimum number 

of 20 EAAA operations in The Netherlands the volume differences between hospitals 

have become smaller and have probably reached the goal by improving Dutch AAA 

healthcare. However, in AAAA surgery a significant association was observed between 

the three year volume tertiles and the outcomes major complications and mortality.

Limitations
There are some limitations of this study. First, patients requiring more specialised 

care being referred to a tertiary referral centre, could not be extracted from the data. 

However, adjusting for casemix will in part solve this problem of treating more morbid 

patients in the case of a tertiary referral centre. Second, no other hospital characteris-

tics than procedural volume were registered in this dataset. Therefore, the observed 

variation of FTR cannot be easily attributed to specific differences in (infra) structure or 

other processes that influence FTR. Third there is a risk of registration bias due to miss-
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ing data, which is a common problem of observational data. It has been reported that 

complications are often underreported.11 However, every hospital in The Netherlands 

participates in the mandatory DSAA and every compulsory variable needs to be filled 

before finalising a patient’s registration. Therefore, missing or inaccurate data are kept 

as low as possible and exceeded 10% in only a few cases. Moreover, data verification 

of randomly selected patients of 14 hospitals revealed that only minor complications 

were missing in 7.1% of 298 patients (Supplementary material A). However, no re- 

interventions or mortality, included in the definition of a major complication, were 

missed. Still variation in the percentage of complications registered by hospitals was 

wide. Though FTR and complication rate were analysed over all AAA (EAAA, SAAA 

and RAAA) patients, with the assumption that the outcome severe complications, like 

bleeding or colonic ischaemia can be recognised and treated in every setting, and 

that adjustment for operative setting will correct for the difference in incidence of 

these outcomes between settings. Under this assumption complete surgical care can 

be analysed, which would be a great advantage when comparing hospitals. However, 

adequate adjustment remains important, but the difference between the percentages 

of EAAA and AAAA by hospital could result in bias. Additional figures are presented as 

Supplementary material to compare FTR versus major complication rates with isomor-

tality lines for EAAA and AAAA surgery.

Last, patients turned down for surgery are not included in this registry. It is possible that 

this may cause selection bias, especially in the group of RAAA patients where turning 

down a patient for surgery is highly variable between countries.

Conclusion

FTR reflects the ability of the vascular team to recognise and treat complications after 

AAA surgery in order to prevent consequent mortality. Hospitals with a significant 

adjusted difference from the mean for mortality, major complications and FTR could be 

identified. However, there were only a few significant outliers that were all performing 

better than the national average regarding FTR, despite a wide variation of FTR rates 

between hospitals. These hospitals corresponded to the hospitals that also scored 

better on the single variable mortality on different isomortality lines without significant 

differences in major complication rates. This shows FTR alone to be of limited use when 

comparing hospitals. There was also no association between FTR and hospital volume. 

To get a useful interpretation of FTR for internal quality improvement it needs to be 

combined with the percentage of major complications related to mortality reflected in 

diagrams by isomortality lines.
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thE dutCh SuRgICAl AnEuRYSM AudIt

In the Netherlands several surgical audits have been developed in cooperation with 

the Dutch Institute for Clinical Auditing.1 Although, this started as a surgical initiative 

only, there are 22 clinical audits currently being carried out on behalf of a number of 

different specialisations. The web-based DSAA, introduced in 2012 and mandatory 

since 2013, registers all primary abdominal aortic aneurysm (AAA) operations in the 

Netherlands.2 It currently contains the data of patients in 60 hospitals and registers 

both electively planned AAA (EAAA) patients and patients with acute symptomatic 

AAA (SAAA) or acute ruptured AAA (RAAA) who undergo either open surgical repair 

(OSR) or endovascular aneurysm repair (EVAR).

The main outcome is 30-day or in-hospital short-term mortality, however, other out-

comes such as processes of care and structural features are also registered.

The Dutch Society of Vascular Surgery (Nederlandse Vereniging voor Vaatchirurgie: 

NVVV) initiated the development of a set of quality measures in collaboration with 

several stakeholders.3-7

In Chapter 1, a brief overview is given of the development of the DSAA and the impor-

tance of audits. When measuring outcome indicators, differences between hospitals 

need to be casemix adjusted. Examples of variables associated with the outcome are 

often included in mortality risk prediction models such as V-POSSUM - a model with 

many variables or the V(p)-POSSUM with only physiological variables.8 Since the value 

of single outcome parameters may be limited, alternative outcome measures might be 

of added value for comparing outcome between hospitals.

Chapter 2 presents the fi rst results of the DSAA.9 The 30 day or in-hospital mortality of 

1.9% for elective AAA (EAAA) was comparable with other European registries. Mortal-

ity after elective EVAR was 0.9% and comparable to other registries. However, mortality 

following open surgical repair (OSR) in the DSAA was higher compared to the registries 

of other countries, e.g. the Swedish registry SWEDVASC (5.0% vs 3.2%). In ruptured 

aneurysms the mortality after EVAR and OSR was 22.2% and 32.0%, respectively and 

comparable with the results reported in SWEDVASC.

Because of the low mortality after EAAA, the adjusted and unadjusted variation 

between hospitals - shown in funnels - was not suffi cient to discriminate between hos-

pitals. Risk adjustment by V(p)- POSSUM for EAAA did not infl uence hospital variation. 

The discriminative ability of V-POSSUM to predict mortality was moderate for both 
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EAAA and AAAA, with C-statistics of 0.719 and 0.713, respectively. Also, three more 

recent years of follow-up did not result in signifi cant differences between hospitals. 

(See Figures 1a-b)

Searching for case mix variables associated with mortality, in Chapter 3 we searched 

for the best performing mortality risk prediction models by performing a systematic 

review.10 No model has been used as a standard in clinical practice. However, the 

best performing models regarding both applicability and discrimination were the 

perioperative British Aneurysm Repair score (C-statistic 0.83) and the preoperative 

Vascular Biochemistry and Haematology Outcome Model (C-statistic 0.85). However, 

both lacked substantial external validation.
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Figure 1B. Funnelplot for mortality by hospital in primary infra- or juxtarenal acute AAA patients 
(2015-2017).
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The relevance of using casemix variables for comparing outcome might be limited 

according to the DSAA, because the variation in outcome between hospitals is low.11 

Also, most mortality risk prediction models have been developed in the past and have 

given varying results in different populations. In Chapter 4 the development of the 

more simple Dutch casemix model is further described and has now replaced the 

more extensive V(p)-POSSUM in the DSAA.11 The optimal set of independent variables 

associated with mortality were a mix of clinical and laboratory parameters: gender, 

age, pulmonary comorbidity, operative setting, creatinine, aneurysm size, hemoglobin, 

Glasgow Coma Scale, ECG and systolic blood pressure (C- statistic 0.871). However, as 

previously mentioned, the influence of casemix becomes less important if high quality 

of health care leads to very little variation between hospitals as in EAAA surgery in the 

Netherlands.

In Chapter 5 the possible influence on the mortality of a higher or lower preference 

of a hospital for EVAR or OSR is examined, while also examining the current differ-

ence in patient level mortality between EVAR and OSR.12 Hospitals can have different 

preferences, motivated by anatomical characteristics of the aneurysm, comorbidity of 

the patient or preference of the practitioner. Since, as previously concluded, mortality 

after EAAA is more favourable in patients who have undergone EVAR, the question 

arises whether a high hospital preference for EVAR would also result in a lower total 

mortality compared to hospitals with a lower preference for EVAR. If two treatments 

are compared in observational research, a reliable estimation should be corrected for 

(known) confounders. In order to approximate the estimation of a randomised trial, it 

should also be corrected for unknown confounders. The latter can be done by means 

of instrumental variable (IV) analysis.13 If it can be assumed that all hospitals have about 

the same patients mix and the outcomes of EVAR or OSR are not dependent on the 

(skills of the) practitioner or hospital, then from the treatment difference/preference 

between hospitals for EVAR or OSR the difference in mortality between EVAR and 

OSR are calculated. We found that a stronger hospital preference for EVAR does not 

lead to a lower total mortality. But also that after IV analysis no difference in mortal-

ity between EVAR and OSR seemed to exist, while classic multivariable analysis-with 

correction for known casemix factors-resulted in a significantly lower mortality rate for 

EVAR compared to OSR. This seems a paradox and has been further investigated. On 

closer examination, the mortality rate after OSR in hospitals with more preference for 

EVAR (high% EVAR hospitals) was significantly higher than in low% EVAR hospitals: 

7.3% versus 4.0%. This may have disrupted the IV analysis. This is a great concern and 

will need to be discussed within the NVVV.3
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As stated in Chapter 2, mortality as single outcome indicator is no longer useful to dis-

criminate between hospitals since the widespread use of EVAR.9 Moreover, indicators 

reflecting the processes or structure of a hospital also provide internal information for 

hospital providers that is valuable. A hospital might perform well on one quality indica-

tor and worse on another, reflecting one of the problems of single quality indicators.14

In Chapter 6 we describe an example of a composite outcome measure called Failure 

to Rescue (FTR).15 It reflects the ability to overcome major complications and avoid 

consequent death. Using FTR the variation between hospitals performing AAA surgery 

in the Netherlands is higher than by using the single outcome indicator mortality. Mor-

tality of elective and acute aneurysm surgery together was 6.6% (range 0-16%) while 

FTR was 28.4% (range 0-60%). However, a high or low complication rate may have a 

low of high FTR rate. Therefore, we constructed so-called iso-mortality lines that can 

be implemented in the funnel plot of FTR, to create a three dimensional figure. These 

lines show that mortality is in conjunction with the major complication rate and the 

FTR and provides information necessary for the interpretation of FTR. This is essential 

due to the fact that mortality rates are calculated by overall hospital volume while 

FTR is calculated over a limited number of major complications by hospital. A great 

advantage of FTR compared to mortality is that it can be calculated for the overall 

group of patients since the main issue of this indicator refers to the efficient treatment 

of major complications.  Unfortunately, statistical comparisons are not possible, given 

the composite nature of this measure, but this indicator can be used for internal quality 

improvement.

International perspectives

With Sweden as one of the leading registry countries collecting data by medical spe-

cialists on quality of care for a broad spectrum of diseases, the Swedish vascular regis-

try ‘SWEDVASC’ was developed in 1987, and registers more than 90% of all aneurysm 

operations in Sweden.16, 17 Together with other international registries they are unified 

into the International Consortium for Vascular Registries (ICVR).18 Most European 

vascular audits also provide data to Vascunet, an initiative of the European Society 

for Vascular Surgery (ESVS).19, 20 Coverage of every patient undergoing surgery is a 

problem for most audits. A lower coverage may lead to possible selection bias. Data 

verification of the DSAA for the year 2015 revealed coverage of 98.4%. Mortality was 

not missed.21 However, other difficulties remain regarding differences in registration of 

type of aneurysm or the classification of symptomatic AAA patients as either RAAA or 

EAAA patients. Recently, there seems to be an international agreement that AAA sur-
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gery is classified in intact aneurysm versus ruptured aneurysm. An acute symptomatic 

aneurysm is then classified as intact.19

Future perspectives

EVAR versus OSR
From the DSAA can be concluded that an ‘’ EVAR preference policy’’ may lead to 

inferior results for OSR, resulting in equal overall mortalities in low% and high% EVAR 

hospitals. Moreover, the results following OSR especially in high% EVAR hospitals are 

rather worrying and need further attention. Considering the higher complexity of OSR, 

not only with regard to the operative technique, but also the perioperative care, further 

concentration of care is warranted. But the additional advantages of concentration of 

care would be, improved quality measuring and an improved quality cycle time, both 

due to the effect of larger hospital volumes.

Patient reported experience and outcome measurements
Quality of care viewed from the patients’ and social perspective has become increas-

ingly important. Patient reported experience measurements (PREMs) and patient re-

ported outcome measurements (PROMs) measure quality from a patient’s perspective. 

However, in AAA surgery, only very few qualitative studies have reported PROMs.22 

The development of PROMs in AAA surgery will require the exploration of the patients 

pathway in several manners like for example the speed of revalidation, the experience 

of pain or the presence of scarring tissue, physical activity or food intake and questions 

about quality of life inside the hospital but also outside the hospital evaluating long 

term effects. Most of these elements are present in quality of life questionnaires and 

could be validated in order to find relevant PROMs.22 In addition to the identification of 

the right PROMs, future research should focus on the way PROMs can be used in daily 

patient care, how individual results can be benchmarked, interpreted in a valid way 

and lead to evidence-based interventions for individual patients to improve outcomes 

important to them.

Composite quality measures
The focus on health care quality by participation in a national clinical audit has shown 

to eventually lead to medical cost reduction in some audits.23 Next to FTR other 

composite measures can be investigated. FTR reflects non-desired outcomes, but 

with a composite quality measure like ‘Textbook Outcome’, desired patient outcome 

is reflected by combining key elements, like duration of hospital admission and an 

uneventful course.14 Such composite measures, encompassing the entire care process, 
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can be very useful in monitoring all important aspects of a complex care path. For 

example, when the number of patients with a ‘Textbook outcome’ is relatively low, 

clinicians can evaluate which steps in their care process need improvement and plan 

interventions.

Conclusion

The outcomes following aneurysm surgery in the Netherlands are good and compa-

rable with international registries. There are no significant differences between the 

Dutch hospitals. Results following EVAR are especially favourable, but mortality fol-

lowing OSR is high (5%), especially in hospitals with a preference for EVAR. Further 

research and probable specific measures will be necessary. Risk adjustment for casemix 

will remain necessary for surgery with large variation in outcome, but a minimal set of 

variables will do. FTR is a complex quality indicator and may only be interpreted by 

means of iso-mortality lines but its value for quality improvement purposes remains 

unclear.
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dutCh SuRgICAl AnEuRYSM AudIt

In Nederland zijn diverse chirurgische audits ontwikkeld in samenwerking met de Dutch 

Institute for Clinical Auditing. Er zijn momenteel 22 audits die worden uitgevoerd in 

opdracht van verschillende chirurgische en ook niet-chirurgische specialismen. 

In de web-based DSAA, geïntroduceerd in 2012 en verplicht sinds 2013, worden de 

gegevens geregistreerd van alle patiënten die in Nederland zijn geopereerd aan een 

primair aneurysma van de aorta abdominalis (AAA). Sinds 2016 worden ook de thora-

cale aneurysmata, de dissecties en de chirurgische revisies geregistreerd. Momenteel 

bevat de DSAA de gegevens van patiënten uit 60 ziekenhuizen met zowel electief 

geplande AAA (EAAA) patiënten als ook patiënten met een acuut symptomatisch AAA 

(SAAA) of acuut geruptureerd AAA (RAAA), die een open chirurgische operatie (OSR) 

of endovasculaire aneurysma ingreep (EVAR) hebben ondergaan. 

De belangrijkste kwaliteitsindicatoren die uit de DSAA gehaald worden zijn onder 

andere uitkomsten zoals de postoperatieve mortaliteit binnen 30 dagen of tijdens de 

ziekenhuisopname en complicaties, maar ook processen van zorg en de structurele 

kenmerken van het ziekenhuis. 

De Nederlandse Vereniging voor Vaatchirurgie (NVVV) heeft in samenwerking met 

diverse stakeholders de ontwikkeling van de set kwaliteitsindicatoren geïnitieerd, die 

rechtstreeks uit de DSAA kunnen worden gegenereerd.

In Hoofdstuk 1, wordt een kort overzicht gegeven van de ontwikkeling van de DSAA 

en het belang van kwaliteitsregistraties. Bij het meten van uitkomst indicatoren moeten 

de verschillen tussen ziekenhuizen gecorrigeerd worden voor de zogenaamde casemix, 

die de complexiteit van de patiënten weergeeft. Variabelen die geassocieerd zijn met 

de postoperatieve mortaliteit zijn vaak opgenomen in mortaliteitspredictiemodellen 

zoals V-POSSUM - een model met veel variabelen of de V(p)-POSSUM met alleen fy-

siologische variabelen. Aangezien het gebruik van enkelvoudige uitkomst parameters 

zoals mortaliteit of postoperatieve complicaties kan leiden tot een beperking in het 

inzicht van de kwaliteit van de geleverde zorg, zouden alternatieve of samengestelde 

uitkomst parameters van toegevoegde waarde kunnen zijn om de resultaten tussen 

ziekenhuizen te vergelijken.

In Hoofdstuk 2 worden de eerste resultaten van de DSAA gepresenteerd. De mor-

taliteit binnen 30 dagen en/of in het ziekenhuis was 1,9% voor electieve AAA (EAAA) 

en daarmee vergelijkbaar met andere Europese registraties. Mortaliteit na electieve 
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EVAR was 0,9% en tevens vergelijkbaar met andere registraties. Echter, de mortaliteit 

na open chirurgie (OSR) in de DSAA was hoger vergeleken met enkele andere landen, 

zoals bijvoorbeeld de Zweedse registratie SWEDVASC (5,0% versus 3,2%). Bij RAAA 

was de sterfte na EVAR en OSR respectievelijk 22,2% en 32,0% en vergelijkbaar met 

de resultaten van de SWEDVASC. Internationale vergelijkingen zijn echter nog lastig 

gezien de verschillen in registratie en het al dan niet verplichte karakter.

Vanwege de lage mortaliteit na EAAA was de voor casemix gecorrigeerde en niet-

gecorrigeerde variatie tussen ziekenhuizen onvoldoende om onderscheid te kunnen 

maken tussen ziekenhuizen. Correctie aan de hand van V(p) - POSSUM had geen invloed 

op de variatie tussen ziekenhuizen. Het discriminerende vermogen van V-POSSUM 

voor het voorspellen van de mortaliteit was redelijk voor zowel EAAA als AAAA, met 

respectievelijk een C-statistic van 0,719 en 0,713. Ook in de drie meest recente jaren 

van registratie bleken er nog steeds geen statistisch significante verschillen tussen 

ziekenhuizen te bestaan. 

Op zoek naar de juiste casemix variabelen, hebben we in Hoofdstuk 3 de best voor-

spellende mortaliteitspredictie modellen besproken met behulp van een systematic 

review. Geen enkel model blijkt standaard gebruikt te worden in de klinische praktijk. 

De beste voorspellende modellen op het gebied van de toepasbaarheid en het discri-

minerend vermogen waren de perioperatieve British Aneurysm Repair score (C-statistic 

0,83) en de preoperatieve Vascular Biochemistry and Haematology Outcome Model 

(C-statistic 0,85). De mate van externe validatie van beide modellen bleek echter matig 

te zijn. 

Wegens de minimale variatie tussen de ziekenhuizen in de DSAA is de waarde van 

casemix correctie voor het vergelijken van de ziekenhuis resultaten beperkt. Bovendien 

zijn de meeste mortaliteitspredictiemodellen ontwikkeld in het verleden en niet goed 

toepasbaar op het huidige beleid. Daarnaast verschillen de resultaten in verschillende 

populaties. In Hoofdstuk 4 wordt de ontwikkeling van een vereenvoudigd Nederlands 

casemix model voor de DSAA beschreven als vervanger voor de meer uitgebreide 

V(p)-POSSUM. Dit model wordt vanaf 2019 toegepast in de DSAA. Het optimale aantal 

onafhankelijke variabelen geassocieerd met mortaliteit waren een mix van klinische 

-en laboratoriumparameters: geslacht, leeftijd, pulmonale co-morbiditeit, operatieve 

setting, kreatinine, aneurysma diameter, hemoglobine, Glasgow Coma Scale, ECG en 

systolische bloeddruk (C-statistic 0,871). De invloed van casemix blijkt echter minder 

belangrijk geworden wegens de beperkte ziekenhuisvariatie in mortaliteit na EAAA 

chirurgie in Nederland. 
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In Hoofdstuk 5 wordt de invloed op de mortaliteit van de voorkeur voor EVAR of 

OSR onderzocht. De keuze voor behandeling hangt af van de anatomische kenmerken 

van het aneurysma, de co-morbiditeit van de patiënt maar ook van de voorkeur van 

de behandelaar in het ziekenhuis. Aangezien de mortaliteit na EAAA gunstiger is bij 

patiënten die EVAR hebben ondergaan, rijst de vraag of een hoge ziekenhuisvoor-

keur voor EVAR ook zou resulteren in een lagere totale mortaliteit in vergelijking met 

ziekenhuizen met een lagere voorkeur voor EVAR. Als in observationeel onderzoek 

twee behandelingen worden vergeleken dan dient voor een betrouwbare schatting 

er gecorrigeerd te worden voor (bekende) confounders. Om de schatting die van een 

gerandomiseerde trial te laten benaderen dient ook gecorrigeerd te worden voor 

onbekende confounders.  Dit laatste kan worden gedaan door middel van Instrumen-

tele Variabele (IV) analyse. Indien er vanuit kan worden gegaan dat alle ziekenhuizen 

ongeveer dezelfde patiënten mix hebben en de uitkomsten van EVAR of OSR niet 

afhankelijk zijn van de (kunde van) behandelaar of ziekenhuis, dan kan door het behan-

delverschil/voorkeur tussen ziekenhuizen voor EVAR of OSR het verschil in mortaliteit 

tussen EVAR en OSR worden berekend aan de hand van pseudorandomisatie. Uit deze 

analyse bleek dat een sterkere voorkeur van een ziekenhuis voor EVAR niet leidt tot 

een lagere totale mortaliteit. Daarnaast bleek dat na IV analyse er geen verschil meer 

was in mortaliteit tussen EVAR en OSR, terwijl de klassieke multivariabele regressie 

analyse - met correctie voor bekende casemix factoren – wederom resulteerde in een 

significant lagere mortaliteit voor EVAR vergeleken met OSR. Dit lijkt een paradox en 

is nader onderzocht. 

Bij nader onderzoek bleek de mortaliteit na OSR in ziekenhuizen met meer voorkeur 

voor EVAR (hoog % EVAR ziekenhuizen) significant hoger dan in laag % EVAR zie-

kenhuizen: 7,3% versus 4,0%. Het verschil in kwaliteit tussen de ziekenhuizen op het 

gebied van OSR kan een verstoring geven van de IV analyse. Echter, de significant 

hogere mortaliteit van OSR in ziekenhuizen met een voorkeur voor EVAR is een grote 

zorg en dient nader onderzocht te worden. 

Zoals aangegeven in Hoofdstuk 2 is de mortaliteit van AAA chirurgie sinds de invoer 

van de EVAR procedure zodanig afgenomen dat er geen significante verschillen meer 

bestaan tussen de ziekenhuizen. Daarnaast worden indicatoren die tevens informatie 

geven over de processen of structuur van een ziekenhuis steeds belangrijker voor 

interne ziekenhuis evaluaties. Bovendien kan een ziekenhuis goed presteren op de 

ene kwaliteitsindicator en slechter op een andere, wat een van de problemen van 

een enkelvoudige kwaliteitsindicator weergeeft. Daarom werd onderzocht of met 

een samengestelde uitkomstmaat wel een verschil tussen ziekenhuizen kon worden 

gevonden.
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In Hoofdstuk 6 beschrijven we een voorbeeld van een samengestelde uitkomstpa-

rameter ‘Failure to Rescue’ (FTR). Deze parameter geeft het vermogen weer om een 

ernstige complicaties op te lossen en zo de gerelateerde mortaliteit te voorkomen. 

FTR zou een gevoeligere uitkomstmaat kunnen zijn en zo de mogelijke variatie tussen 

ziekenhuizen in Nederland na AAA chirurgie inzichtelijk kunnen maken. De mortaliteit 

van electieve en acute AAA chirurgie, samen, bedroeg 6,6% (bereik 0-16%), maar 

de FTR was 28,4% (bereik 0-60%). Echter een laag of hoog complicatiepercentage 

kan zowel een laag als hoog FTR hebben. Daarom hebben we iso-mortaliteitslijnen 

ontwikkeld die in de grafiek  van de FTR kunnen worden geïmplementeerd, zodat een 

driedimensionale figuur ontstaat. Deze lijnen geven de mortaliteit weer in relatie tot 

het percentage ernstige complicaties en FTR. Dit is noodzakelijk doordat de mortaliteit 

wordt berekend over het totale ziekenhuis volume terwijl FTR wordt berekend over een 

beperkt aantal ernstige complicaties. Een groot voordeel van FTR ten opzichte van 

mortaliteit is dat het in theorie berekend kan worden over de gehele groep patiënten, 

ongeacht operatieve setting, omdat het gaat om de effectiviteit van de behandeling 

van ernstige complicaties. 

Omdat het een variabele is die lastig is te interpreteren en ook statistisch gezien 

nadelen heeft is deze parameter vooral geschikt om te gebruiken voor interne kwali-

teitsmetingen maar niet voor ziekenhuisvergelijkingen. 

Internationale perspectieven 

Zweden is één van de toonaangevende landen op het gebied van het aantal nationale 

registraties, ontwikkeld en gecontroleerd door medische specialisten, waarbij gegevens 

worden verzameld over de kwaliteit van zorg voor een breed spectrum van ziekten. De 

Zweedse vaatregistratie ‘SWEDVASC’ werd ontwikkeld in 1987, en registreert nu meer 

dan 90% van alle aneurysma operaties in Zweden. Samen met andere internationale 

registraties, zijn ze verenigd in het International Consortium voor Vascular Registries 

(ICVR). De meeste Europese vaatregistraties verstrekken ook hun gegevens aan Vas-

cunet, een initiatief van de European Society for Vascular Surgery (ESVS). Het volledig 

registreren van elke patiënt die een operatie heeft ondergaan is een probleem voor de 

meeste registraties. Bij een niet volledige registratie van alle patiënten kan er sprake 

zijn van selectie bias. Bij verificatie van de DSAA bleek er sprake van een registratie 

van 98,4% van de patiënten. Mortaliteit werd niet gemist. Echter, volledigheid van een 

registratie is niet het enige probleem voor de vergelijking tussen de registraties. Zo 

zijn er registraties die alleen infrarenale aneurysmata registreren in plaats van ook jux-

tarenale aneurysmata. Daarnaast blijkt ook dat er nog discussie is over de analyse van 
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symptomatische aneurysmata en of die kan worden samengevoegd met ofwel RAAA 

ofwel EAAA. Recent lijkt er echter internationaal overeenstemming te zijn bereikt over 

de indeling van aneurysmata gedefinieerd als intact aneurysma versus geruptureerd 

aneurysma. Een acuut symptomatisch aneurysma wordt dan geclassificeerd als intact. 

Toekomstperspectieven 

EVAR versus OSR 
Uit de DSAA blijkt dat een voorkeur voor EVAR kan leiden tot minder goede resultaten 

voor OSR, wat resulteert in gelijke mortaliteit bij ziekenhuizen met een hoge versus 

een lage preferentie voor EVAR. Vooral de resultaten na OSR en dan vooral in hoog 

% EVAR ziekenhuizen zijn zorgelijk en moeten nader worden onderzocht. De hogere 

complexiteit van OSR kan leiden tot de noodzaak van verdere centralisatie van zorg. 

Patient reported experience and outcome measurements
De kwaliteit van de vaatchirurgie in Nederland is hoog en dat is belangrijk voor vaat-

chirurgisch Nederland. Maar kwaliteit gemeten vanuit een patiënten perspectief is 

eveneens steeds belangrijker geworden. Patient reported experience measurements 

(PREMs) en de Patient reported outcome measurements (PROMs) meten kwaliteit 

vanuit een patiënten perspectief. In de aneurysma chirurgie zijn er tot nu toe slechts 

een aantal studies die de PROMs bespreken. De ontwikkeling van de PROMs voor AAA 

patiënten kan plaatsvinden aan de hand van kwaliteit van leven vragenlijsten en verder 

worden gevalideerd om relevante PROMs te ontdekken.

Samengestelde kwaliteitsparameters
De focus op de kwaliteit van de zorg door het opzetten van kwaliteitsregistraties heeft 

geleid tot een vermindering van de medische kosten bij andere vormen van chirurgie. 

Naast FTR kunnen ook andere samengestelde kwaliteitsparameters worden onderzocht. 

FTR toont niet-gewenste resultaten, maar een samengestelde kwaliteitsparameter 

zoals ‘Textbook Outcome’, geeft juist het gewenste patiënten resultaat weer door de 

belangrijkste elementen in het vaatchirurgische proces te combineren in relatie tot het 

ziekenhuisvolume, aan de hand van bijvoorbeeld de duur van de ziekenhuisopname 

en een ongecompliceerd beloop. Deze samengestelde parameters tezamen omvatten 

het gehele zorg proces en zijn daarom erg handig om alle belangrijke aspecten in een 

complex zorg pad te kunnen monitoren. 
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Conclusie

De uitkomsten van de aneurysmachirurgie in Nederland zijn goed en vergelijkbaar met 

internationale registraties. Er zijn geen significante verschillen tussen de Nederlandse 

ziekenhuizen, de resultaten na EVAR zijn beter, maar tegelijkertijd zijn de resultaten na 

OSR zorgelijk, vooral in ziekenhuizen met een voorkeur voor EVAR. Verder onderzoek en 

specifieke maatregelen zijn hiervoor noodzakelijk. Correctie voor casemix blijft nodig, 

maar een minimale set van variabelen is daarvoor voldoende. FTR als uitkomstmaat is 

complex, alleen te interpreteren met behulp van iso-mortaliteitslijnen en de werkelijke 

waarde als uitkomstmaat voor kwaliteit van deze variabele is nog onduidelijk. 
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Appendix Chapter 3

Appendix S1 Search strategy
Pubmed: (“Aortic Aneurysm, Abdominal”[Mesh] OR ((“aneurysm”[MeSH] OR 

“aneurysm”[All Fields] OR “aneurysms”[All Fields] OR “aneurysmatic”[All Fields] OR 

“aneurysmata”[All Fields]) AND “abdominal”[all fields])) AND (“Mortality”[Mesh] OR 

“mortality” [Subheading] OR mortal*[all fields] OR “death rate”[all fields] OR “death 

rates”[all fields] OR “survival”[all fields] OR “Survival”[Mesh]) AND (“2006/01/01”[PDAT] 

: “3000/12/31”[PDAT])

6th July 2015: 3274

Embase: (exp *abdominal aorta aneurysm/ OR ((exp *aneurysm/ OR “aneurysm”.ti. 

OR “aneurysms”.ti. OR “aneurysmatic”.ti. OR “aneurysmata”.ti.) AND “abdominal”.

ti.)) AND (exp Mortality/ OR Mortal*.ti. OR “death rate”.ti. OR “death rates”.ti. OR 

“survival”.ti. OR exp survival/)

limit 2006-current NOT conference abstracts.

6th July 2015: 2073

Cochrane Library: (“Aortic Aneurysm, Abdominal” OR ((“aneurysm” OR “aneurysms” 

OR “aneurysmatic” OR “aneurysmata”) AND “abdominal”)) AND (“Mortality” OR 

mortal* OR “death rate” OR “death rates” OR “Survival”)

2006-2015 trials only

6th July 2015:136
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Table S2 Formulas and specifications by model

Model Specifications Formula

(New) Simplified 
Acute Physiology 
Score (SAPS-II)1,2

SAPS II = age + HF + systolic BP + 
temperature + ventilated or CPAP 
pulmonary artery pressure (mmHg) 
+ ventilated or CPAP pulmonary 
artery pressure (kPa) + urinary 
output + serum urea (mmol/l) 
+ serum urea nitrogen (mg/dl) 
+ WBC (103 mm3) + potassium 
(mmol/day) + sodium (mmol/l) + 
bicarbonate (mEq/l) + bilirubin ( 
mol/l, mg/dl) + GCS + chronic 
diseases + type of admission

–7.7631 + 0.0737 (SAPSII) + 0.9971 (ln(SAPSII 
+ 1))

Acute Physiology 
and Chronic 
Health Evaluation 
Score- II (APACHE-
II)2,3

APACHE-II= APS + age (≤ 44 
years = 0; 45–54 years= 2; 55–64 
years = 3; 65–74 years = 5; ≥ 75 
years = 6) + chronic health points 
(if history of severe organ system 
insufficiency or immunocompetent: 
5 for emergency or 2 for elective 
patients)
APS = temperature + MAP + HF 
+ respiratory rate +  ventilatory 
pulmonary artery pressure (mmHg) 
+ ventilatory pulmonary artery 
pressure (kPa) + arterial pH + 
sodium + potassium + creatinine + 
haematocrit + WBC + GCS

–3517 + (APACHE II × 0.146) + (0.603 only 
if postemergency surgery) + (diagnostic 
category weight)

Society for 
Vascular Surgery 
Score (SVS) 
modified Co-
morbidity Severity 
Score (m-CSS)4,5

4 × cardiac status + 2 × pulmonary status + 2 
× renal status + 1 × hypertension +1 × age

POSSUM models6,7 Physiological score (p) = age + 
cardiac co-morbidity + pulmonary 
co-morbidity + systolic BP + HF 
+ GCS + haemoglobin + WBC + 
creatinine + sodium + potassium 
+ ECG
Operative score = severity of 
procedure + no. of procedures + 
blood loss +  peritoneal soiling + 
malignancy + urgency setting

POSSUM: − 9·065 (0·1692 × physiological 
score) (0·1550 × operative score) 
V-POSSUM: –8.0616 + (0.1552 × 
physiological score) + (0.1238 × operative 
score) 
V(p)-POSSUM: –6.0386 + (0.1539 × 
physiological score) 
RAAA-POSSUM: –4.9795 + (0.0913 × 
physiological score) + (0.0958 × operative 
score) 
RAAA(p)-POSSUM: –2.7569 + (0.0968 × 
physiological score) 
Cambridge POSSUM:   –7.5365 + (0.1632 × 
physiological score) + (0.0518 ×  operative 
score)
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Table S2 Formulas and specifications by model (continued)

Model Specifications Formula

Glasgow 
Aneurysm Score 
(GAS)8–10

GAS: age + (17)shock + (7)myocardial 
disease + (10)CVD + (14)renal disease 
Modified GAS: age + (7)myocardial disease + 
(10)CVD + (14)renal disease 
Updated GAS: age + (17)shock + (7)
myocardial disease + (7)CVD + (14)renal 
disease + (7)OSR

Leiden score (and 
modified)11,12

Original Leiden: centre-specific score + age 
+ cardiac score + respiratory impairment + 
renal impairment + female
Modified Leiden: age + cardiac score 
(without ECG) + respiratory impairment + 
renal impairment + female

Vancouver 
score13,14

–3.44 + (1.14 × unconsciousness) + (–1.14 
× conscious) + (0.062xage) + (0.60xcardiac 
arrest) + (–0.60 × no cardiac arrest)

Hardman index15,16 Age > 76 years, serum creatinine level >190  
mol/l, haemoglobin level < 9g/dl (or 2.1 
mg/dl), myocardial ischaemia on ECG and a 
history of loss of consciousness after hospital 
arrival

Estimation of 
Physiologic Ability 
and Surgical Stress 
(E-PASS)17,18

PRS  = − 0.0686 + (0.00345 × age) 
+ (0.323 × severe heart disease) + 
(0.205 × severe pulmonary disease) 
+ (0.153 × diabetes) + (0.148 × 
performance status index (0–4)) + 
(0.0666 × ASA (I–V)) 
SSS  = − 0.342 + (0.0139 × blood 
loss (g)/bodyweight(kg))  + (0.0392 
× operating time (h)) + (0.352 
× minor/moderate/major skin 
incision)

Comprehensive risk score = −0.328 + (0.936 
× PRS) + (0.976 × SSS)

(Modified) Lee 
Index19, 20

Lee: high-risk surgery  + IHD + CHF + stroke 
+ hypertension + renal failure + respiratory 
disease  + beta-blockers + statin 
Modified Lee: high-risk surgery + IHD + CHF 
+ stroke + use of insulin + creatinine > 2 mg/
dl
1 point for every parameter when present. 
In the case of MACE perioperatively add 1 
point preoperatively

(Modified)-
Customized 
Probability Index 
(CPI)21,22

CPI: (13)CAD + (14)CHF + (10)CVD + (7)BP 
+ (7)COPD + (16)RF + (-15) beta-blocker  + 
(-10)statin 
Modified CPI: (13)CAD + (14)CHF + (7)BP + 
(7)COPD + (16)RF + (-15)beta-blocker + (-10)
statin
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Table S2 Formulas and specifications by model (continued)

Model Specifications Formula

Vascular 
Biochemistry and 
Haematology 
Outcome Models 
(VBHOM)23

−2·257 + (0·1511 × male) + (0·9940 × mode 
of admission) + (0·05923 × age) + (0·001401 
× serum urea (continuous mmol/l)) − (0·01303 
× sodium (continuous mmol/l)) − (0·03585 × 
potassium (continuous mmol/l)) − (0·2278 × 
haemoglobin (continuous g/dl)) + (0·02059 × 
white cell count (continuous × 109/l))

Edinburgh 
Ruptured 
Aneurysm Score 
(ERAS)24,25

Haemoglobin level 9 g/dl, GCS 15, BP 90 
mmHg. Score 0–3. These bands of risk 
correspond to a predicted mortality of no 
risk, 30% , 50%, 80%.

Endovascular 
aneurysm repair 
Risk Assessment 
model (ERA)26

Author e-mailed

Giles score/
Medicare27

−5·02 + (0·42 × female sex) + (0·15 × age 
(70–75 years)) + (0·63 × age (75–80 years)) 
+ (1·14 × age > 80 years) + (0·71 × chronic 
renal insufficiency) + (0·95 × end-stage renal 
disease) + (0·55 × congestive heart failure) + 
(0·30 × vascular disease) + (1·17 × OSR)

Mount Sinai 
score28

Renal failure dialysis + renal failure without 
dialysis + clinical sign. Lower extremity 
ischaemia + liver disease + CHF + 
neurological disorders + chronic pulmonary 
diseases + age ≥ 85 + 80–84 + 75–79 years 
+ female sex + hospital volume (<7 EVARs/
year) + surgeon experience (<3 EVARs/year)

Cleveland Clinic 
experience29

Age (per 5-year increase from 50 years) + 
aortic diameter (per 5 mm increase from 30 
mm) + previous chronic heart failure + COPD 
+ use of oxygen + use of aspirin

Leicester score21 AAA OSR/EVAR: –12.093 + (age × 0.080) + 
(MI within 10 years × 1.339) + (creatinine × 
0.005) + (open surgery × 2.370) 
AAA OSR-only model: –9.848 + (age × 
0.095) + (creatinine × 0.007).

Vascular 
Governance 
North West model 
(VGNW)30

−9·3431 + (0.0486 × age ) + (0·7322 × 
female sex) + (0·6620 × diabetes) + (0·0073 
× creatinine) + (0·4718 × respiratory disease) 
+ (0·7762 × antiplatelet medication) + 
(1·3130 × open surgery)

Vascular Study 
Group of New 
England model 
(VSGNE)16

Age >76 years + cardiac arrest (+2) + loss of 
consciousness (+1) + suprarenal clamp (+1) 
VSGNE RAAA risk score 0–6: >4 80% 
mortality risk, ≥5 87% mortality risk
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Table S2 Formulas and specifications by model (continued)

Model Specifications Formula

British Aneurysm 
Repair (BAR)31

–10.9187 + (OSR ×1.6466) +  (0·0568 × age 
(continuous in years)) + (0·7062 × female 
sex) + (0·5979 × creatinine > 120 mmol/l) 
+ (0·3422 × cardiac disease) + (0·3033 × 
abnormal ECG) + (0·8812 × previous aortic 
surgery or stent) + (0·3697 × abnormal WBC) 
+ (0·3099 × abnormal sodium) + (0·1285 × 
AAA diameter (continuous in cm)) + (0·2292 
× ASA grade II) + (0·7334 × ASA grade III) + 
(1·6775 × ASA grade IV)

Abdominal 
Aortic Aneurysm 
Statistically 
Corrected 
Operative Risk 
Evaluation Score 
(AAA SCORE)32

Preoperative AAA SCORE= –7.1026 + 
(reoperation ×1.7691) + (admission mode 
unplanned × 0.6877) + (admission mode 
emergency × 1.4731) + (age (years) × 0.0493) 
+ (creatinine ( mol/l) × 0.0035) + (lowest 
preoperative BP linear term × –0.0307) + 
(lowest preoperative BP quadratic term 1.01 
× 10-4 ) + (cardiac history × 0.4649) + (EVAR 
× –0.9526) + (ASA grade 0.5102) + (WBC 109 
× 0.0279)
 Perioperative AAA SCORE= –7.4339 +  
(reoperation × 1.6319) + (admission mode 
unplanned × 0.6284) + (admission mode 
emergency ×1.3532) + (age (years) ×0.0467) 
+ (creatinine ( mol/l) × 0.0036) + (lowest 
intraoperative BP linear term ×–0.0197)  + 
(cardiac history × 0.4601) + (EVAR × –0.9526) 
+ (ASA grade 0.3636) + (albumin × –0.0286)

Artificial neural 
network (ANN)33

(Age × 0.27) + (loss of consciousness × 
0.36) + (shock × 0.27) + (cardiopulmonary 
rescucitation/cardiac arrest × 0.32)
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Appendix Chapter 5

Appendix A.
The choice of treatment is based on the interpretation of anatomical and patient re-

lated factors. Suppose: certain patients will always get EVAR or OSR in every hospital. 

There is a ‘’marginal’’ group were there is a choice, depending on hospital preference: 

all EVAR or all OSR.

Roughly, patients can be divided in 3 groups:

-	 N1: patients who will have OSR in every hospital: 			  mortality A

-	 N2: patients with discussion (‘’marginal population’’).

	 o	 In case of OSR:						      mortality B

	 o	 in case of EVAR: 						      mortality C

-	 N3: patients who will have EVAR in every hospital: 		  mortality D

Suppose, All N2 patients get OSR in low%EVAR hospitals and EVAR in high%EVAR 

hospitals. Then we know from the result in the outcome data and table 3  in the manu-

script:

-	 Low%EVAR hospitals:

	 o	 N1+N2 will get OSR:		   Mortality (A*N1+B*N2)/(N1+N2)=4.0%

	 o	 N3 will get EVAR:			   Mortality is D=0.7%

-	 High%EVAR hospitals:

	 o	 N1 will get OSR:			    Mortality is A=7.3%

	 o	 N2+N3 will get EVAR:		   Mortality is (C*N2+D*N3)/(N2=N3)=0.9%

Further, we know from the DSAA

-	 The proportion of EVAR in low%EVAR hospitals is N3/(N1+N2+N3)=0.69

-	 The proportion of EVAR in high%EVAR hospitals is (N2+N3)/(N1+N2+N3)=0.86

Suppose, N1+N2+N3=100, we find:

-	 N3=69

-	 N2=86-69=17

-	 N1=100-69-17=14

We can calculate:

-	 A=7.3%

-	 B=((4.0*N1+N2) – 7.3*N1)/N2=1.3%

-	 D=0.7%

-	 C=((0.9*N2+N3) – 0.7*N3)/N2=1.7%
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According to this calculation the mortality of OSR in N2 patients is 1.3% and in case 

of EVAR in N2 the mortality is 1.7%. Patients in the marginal group are better off with 

OSR.
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Appendix Chapter 6

Supplement A.
For the year 2015 data verification was performed on a random selection of 304 patients 

who had AAA surgery in 14 Dutch hospitals. Five patients (1.7%) were not registered in 

the DSAA. Of those 5 patient, 3 had minor complications and there was no mortality.

In the 298 registered patients no mortality was missed, however 21 complications 

(7.1%) were missed, all minor: fever and/or intestinal obstruction. No reinterventions 

were missed. Four readmissions were not registered (1.3%).
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Supplemental material B:
The adjusted percentages of FTR and major complications after EAAA surgery. The 

hyperbolic lines project the mortality in relation to the percentage major complications 

and the mortality after major complications. From left to right each line has a 1% higher 

mortality for every hospital crossing that line starting at 1%, with the overall mean 

percentage mortality of 1.9% projected with the blue line.



200

   

	
0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95% 100%

Mean percentage major complications

0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

50%

55%

60%

65%

70%

75%

80%

85%

90%

95%

100%

Mean percentage FTR

Percentage Major complications (adj.)

P
er

ce
nt

ag
e 

FT
R

 (a
dj

.)
Acute abdominal aortic aneurysm

mean percentage mortality 
22.7%

1 2 3 4 5 109876 1 2 3 4 5 209876 1 2 3 4 5 309876 1 2 3 4 5 409876 1 2 3 4 5 509876 1 2 3 4 5 609876 1 2 3 4 5 876

Supplemental material C:
The adjusted percentages of FTR and major complications after AAAA surgery. The 

hyperbolic lines project the mortality in relation to the percentage major complications 

and the mortality after major complications. From left to right each line has a 1% higher 

mortality for every hospital crossing that line starting at 1%, with the overall mean 

percentage mortality of 22.7% projected with the blue line. There is one hospital with 

a mean percentage FTR of 116.8% that is not shown in this figure.


