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ABSTRACT

Objective
The decision whether or not to proceed with surgical intervention of a patient with 
a ruptured abdominal aortic aneurysm (rAAA) is very difficult in daily practice. The 
primary objective of the present study was to develop and to externally validate a new 
prediction model; the Dutch Aneurysm Score (DAS).

Methods
With a prospective cohort of ten hospitals (n=508) the DAS was developed using a 
multivariable logistic regression model. Two retrospective cohorts with rAAA patients 
from two hospitals (n=373) were used for external validation. The primary outcome was 
the combined 30-day and in-hospital death rate. Discrimination (AUC), calibration plots 
and the ability to identify high-risk patients were compared with the more commonly 
used Glasgow Aneurysm Score (GAS).

Results
After multivariable logistic regression five pre-operative variables were identified; 
age, lowest in-hospital systolic blood pressure, cardiopulmonary resuscitation and 
hemoglobin level. The area under the receiver operating curve (AUC) for the DAS was 
0.77 (95%CI 0.72-0.82) compared to the GAS with an AUC of 0.72 (95%CI 0.67-0.77). The 
DAS showed a death rate in patients with a predicted death rate ≥80% of 83%.

Conclusions
Our study shows that the DAS has a higher discriminative performance (AUC) compared 
to the GAS. All used clinical variables of the DAS are easy to obtain. Identification of low-
risk patients with the DAS can potentially reduce turn-down rates. The DAS can reliably 
be used by clinicians to make a more informed decision in dialogue with the patient and 
their family whether or not to proceed with surgical intervention.
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INTRODUCTION

The population-based 30-day death rate of patients with a ruptured abdominal 
aortic aneurysm (rAAA) is approximately 74% (95% confidence interval (CI) 72-77%)1. 
Two-thirds of patients with a rAAA reach the hospital alive, but an average of 40% 
(range 9-80% from 21 studies) of these are not surgically treated in many hospitals 
due to supposed infaust prognosis, advanced age and/or patient preference. Criteria 
whether to surgically treat or not, vary significantly according to local experience and 
cultural settings2. The decision to start or withhold surgical intervention is based on an 
evaluation of the patient’s clinical condition, the surgeon’s experience and the patient’s 
preferences. It is a subjective interpretation by the doctor, the patient and the relatives. 
As a consequence, considerable differences exist in turndown rates. In the recently 
published IMPROVE and AJAX trials, the turndown rates were 23% (299/1275 patients) 
and 9% (46/520 patients), respectively3-5. Clinicians and patients could benefit from a 
tool to predict survival after surgical intervention. Especially, if one considers the high 
burden for relatives, hospitals and society in case of unsuccessful repair. A prediction 
model is an objective way to evaluate the chances of successful intervention.

Several models have been developed to predict death after surgical intervention in 
patients with a rAAA. In a recent external validation study in the Amsterdam region6, the 
Glasgow Aneurysm Score (GAS)7, 8 most accurately predicted death after intervention 
for a rAAA as compared to the Vancouver scoring system9, the Edinburgh Ruptured 
Aneurysm Score10 and the Hardman index11. However, the GAS which was originally 
developed for elective as well as rAAA, could not reliably support the decision to 
withhold surgery or not. Because the alternative to repair generally results in death of 
the patient, the model should be very reliable. Furthermore, a uniformly used prediction 
model could enhance the transparency of ruptured aneurysm care.

The primary objective of the present study was to develop and to externally validate 
a more reliable prediction model for patients with a rAAA; the Dutch Aneurysm Score 
(DAS). Additionally, we aimed to identify high-risk patients with a predicted 30-day/in-
hospital death rate of ≥50%. Such a model can support the decision to start surgical 
intervention or not. With the identification of a low predicted risk of mortality the DAS 
might also aid in the decision to offer treatment in patients otherwise turned down for 
surgery. The predictive performance of the DAS was compared to the performance of 
the GAS.
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METHODS

The present study comprised three Dutch cohorts including patients with a rAAA; one 
cohort from Amsterdam, one from Rotterdam and one from Groningen. The Amsterdam 
cohort was used for the development of the DAS and the other two for the external 
validation. The diagnosis of rAAA in these cohorts was based on emergency computed 
tomographic angiography12, on findings at operation or on findings at autopsy. Patients 
with a previous aortic reconstruction, an inflammatory or mycotic rAAA and a rAAA with 
associated trauma, with aortocaval fistula or with aortoenteric fistula were not included 
in the present study. The primary end point was the combined 30-day and in-hospital 
death rate. This means we included patients who died in-hospital any time during and 
after the initial treatment and all patients who died within 30 days after initial treatment 
disregarding if they were in-hospital or not. This study was approved by the Institutional 
Review Boards of all three centers (Amsterdam (METC 03/161), Rotterdam (METC 
2015/017), and Groningen (M15.169119)).

Details regarding the cohort from Amsterdam have been published previously4, 6, 13. 
In short, all consecutive patients with a rAAA of ten hospitals (8 secondary care and 
two tertiary care facilities) in the Amsterdam ambulance region between May 2004 
and February 2011 were registered prospectively. Details regarding the cohort from 
Rotterdam were published previously as well14, 15. In short, this was a single-tertiary-
center cohort including all surgically treated patients with a rAAA between January 2004 
and December 2012. Patients were identified retrospectively from a hospital registry. 
The cohort from Groningen was also single-tertiary-center including all surgically 
treated patients with a rAAA between January 2004 and December 2012. Patients 
were identified from a prospective registry. The Rotterdam and Groningen cohort 
were considered acceptable for external validation as protocols and hospital sizes are 
all similar and they are all located in the same country. The Transparent Reporting of 
a multivariable Predictions model for individual prognosis or Diagnosis (TRIPOD) 
statement for reporting a multivariable prediction model were used as guideline for 
this article to facilitate the assessment of usefulness of this prediction model by the 
reader16, 17.

Data management
Data were retrospectively collected from the medical records for the prospective cohort 
by the second author and for the two retrospective hospital cohorts by the first author 
following a standard case protocol. Based on previous prediction models for patients 
with a rAAA7-11 and on the availability of the variable in the emergency room, data on 
the following potential predictors were collected: age (years), sex (male/female), cardiac 
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co-morbidity (defined according to the Society for Vascular Surgery (SVS) guidelines, as 
previous history of myocardial infarction, heart failure, cardiac surgery, angina pectoris 
or arrhythmia), cerebrovascular co-morbidity (defined according to the SVS guidelines 
as previous history of stroke or transient ischemic attack), lowest pre-operative in-
hospital systolic blood pressure (mmHg), cardiopulmonary resuscitation (yes/no), loss 
of consciousness (yes/no), serum creatinine (µmol/L), serum hemoglobin (mmol/L) 
and type of intervention (endovascular or open repair). The data were collected in no 
particular order because the primary end-point of this study, i.e. combined 30-day or 
in-hospital death rate, was an objective measurement.

Statistical analysis
The statistical analysis was conducted by the second author according to the recently 
published seven step model for development and an ABCD for validation of a clinical 
prediction model18. The analysis comprised two steps; first the development of the DAS 
in the prospective database from Amsterdam also including patients who were rejected 
for surgery or intervention and second the external validation in the retrospective 
cohorts from Rotterdam and Groningen.

The first phase of the statistical analysis was the development of the DAS in the cohort 
from Amsterdam. The development of the DAS was done using R (The R Foundation for 
Statistical Computing, Boston, USA). Using restricted cubic spline functions in R we could 
study the shape of the relation between the continuous candidate predictors and the 
end point. If appropriate, continuous candidate predictors were transformed manually. 
To avoid deletion of cases because of missing data, the missing data were imputed with 
use of predictive mean matching and logistic regression19-21. Multiple imputations were 
done by creating ten completed datasets. The baseline characteristics and death were 
used as variables in the imputation models. To determine which variables were the 
best predictors for 30-day and in-hospital mortality a multivariable logistic regression 
model in the ten imputed datasets was used. The final predictors were selected from all 
candidate predictors by stepwise backward elimination based on the pooled coefficients 
from the regression model. The Area Under the receiver operating characteristic Curve 
(AUC) was reported to represent apparent model performance. This represents in this 
study the ability to distinct between surviving patients and dying patients.

The second phase of the statistical analysis was to externally validate the DAS in the 
cohorts from Rotterdam and Groningen. In these cohorts, missing data were imputed 
using linear and logistic regression in IBM SPSS Statistics 20.0 (SPSS Inc., Armonk, New 
York, USA). Again, the baseline characteristics and death were used as variables in the 
imputation models. The predictions by the score were calculated in the 10 separate 
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imputed datasets and these predictions were averaged. The predictive performance 
of the DAS was assessed considering discrimination, calibration and the identification 
of high-risk patients. Discrimination is the ability of a model to distinguish between 
surviving and dying patients and was assessed using the AUC. An AUC of 0.50 indicates 
no discriminative ability and the closer the AUC is to 1.0, the better the discriminative 
performance. An AUC >0.70 was considered sufficiently accurate. Calibration refers 
to the agreement between the predicted and observed death rate. Calibration was 
assessed graphically and with the calibration-in-the-large and the calibration slope as 
performance parameters18. Perfect calibration implies that predictions are on a diagonal 
line which is described with an intercept of 0 (calibration-in-the-large) and a slope of 
122. The calibration-in-the-large and calibration slope were statistically tested with a 
multivariable logistic regression model including an offset variable (Wald statistic with 
one degree of freedom) and a model with the log odds of the predictions as a single 
predictor respectively. A P<.05 was considered as statistically significant deviation from 
ideal calibration.

The risks of mortality calculated with the DAS from the Rotterdam and Groningen 
databases were compared with the risks of mortality calculated with the GAS in the 
same databases and also compared with the observed death rate7, 8. This could identify 
low-risk patients who might previously be considered as high risk and therefore 
should be treated, as well as high-risk patients in whom withholding surgery might be 
considered. The GAS was calculated with the following variables: + 7 for open repair + 
age in years + 17 for shock (defined as an in-hospital systolic blood pressure <80 mmHg) 
+ 7 for myocardial disease (defined as previous history of myocardial infarction, cardiac 
surgery, angina pectoris or arrhythmia) + 10 for cerebrovascular comorbidity (defined 
as previous history of stroke or transient ischemic attack) + 14 for renal insufficiency 
(defined as a pre-operative serum creatinine > 160 µmol/L). After adding up all the 
variable scores from the GAS, the predicted 30-day death rate was calculated with the 
following formula:

1 -
1

1 + (EXP (-5.486 + 0.052 * GAS score))
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RESULTS

In total, 881 patients were included in the present study. In the Amsterdam cohort 
508 patients were included of which 66 patients were not treated. The patients in the 
Amsterdam cohort had a mean age of 76 years (interquartile range (IQR) 69-80), 80% 
of whom were men, 15% of the patients were treated endovascular and 36% patients 
(159/442, CI 32-41%) died in-hospital or within 30 days. In the Rotterdam cohort 209 
patients (age 73 years, IQR 67-79) were included, 37% was treated endovascular and 
this cohort showed a combined mortality of 33% (70/209, CI 27-40%). One hundred and 
sixty four patients (age 73 years, IQR 68,79) were included in the Groningen cohort, of 
whom 32% were treated endovascularly. This cohort showed a combined mortality of 
26% (43/164, CI 20-33%). No significant variance was calculated between the 30 day and 
in-hospital mortality in the cohorts (Amsterdam 95% CI 0.61-1.07, Rotterdam 95% CI 
0.58-1.32, and Groningen 95% CI 0.63-1.69). Baseline pre-operative characteristics, type 
of intervention, and combined 30 day and in-hospital death rates in these three cohorts 
are shown in Table 1. The proportion of patients treated with EVAR was highest in the 
Rotterdam cohort at 37%, compared with 15% in Amsterdam and 32% in Groningen. 
From the three cohorts, the death rate was lowest in Groningen (26%, CI 20-33%) 
compared with Amsterdam (36%, CI 32-41%) and Rotterdam (33%, CI 27-40%).

Prediction models and internal validation
After multivariable logistic regression, the following variables were selected as predictors 
for the Dutch Aneurysm Score: age, lowest in-hospital SBP, CPR and hemoglobin level 
(Table 2). Type of treatment was not a predictor performing well enough to be included 
in the model. The apparent AUC of the internal validation was 0.74.

External validation
The predictive performances of the DAS and the GAS are shown in Table 3. The DAS had 
an AUC, representing the distinction between dying and surviving patients, of 0.77 (CI 
0.72 – 0.82). The calibration plot, representing the agreement between the predicted 
and observed death rates, showed close to ideal calibration (Figure 1). The calibration 
in the large was 0.177 (p=.31) and the calibration slope was 1.175 (p=.44). The GAS had 
an AUC of 0.72 (CI 0.67 - 0.77). The calibration plot showed close to ideal calibration 
(Figure 2). The calibration in the large was 0.056 (p=.75) and the calibration slope was 
1.135 (p=.45).
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TABLE 1. Baseline pre-operative characteristics, the rejection rate and the death rate in the Amsterdam, 
Rotterdam and Groningen cohorts.

Predictors

Amsterdam cohort (n = 442) Rotterdam cohort (n = 209) Groningen cohort (n = 164)
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Age 76 (69-80) 0% - 73 (67-79) 0% - 73 (68-79) 0% -

Male sex 80%: 20% 

(353:89)

0% - 89% :11% 

(209:23)

0% - 89% : 11% 

(146:18)

0% -

Cardiac co-

morbidity

43% 

(183/428) 

3% 43% 

(191/442)

32% 

(68/209)

0% - 40% 

(65/164)

0% -

Cerebrovascular 

co-morbidity

16% 

(67/426) 

4% 16% 

(72/442)

10% 

(22/209)

0% - 12% 

(19/164)

0% -

Lowest in-

hospital SBP 

(mmHg)

90

(70-125)

11% 90

(70-125)

111

(86-140)

13% 112

(87-140)

90

(70-130)

4% 90

(70-130)

CPR 11% 

(45/422)

5% 11% 

(50/442)

1% (1/180) 14% 7% 

(14/209)

7% 

(12/164)

0% -

Loss of 

consciousness

21% 

(80/382)

14% 22% 

(99/442)

2% (3/180) 14% 8% 

(16/209)

8% 

(13/164)

0% -

Serum 

hemoglobin 

(mmol/L)

7.0

(5.9-8)

1% 6.9

(5.9-8.0)

7.1

(6.0-8.0)

12% 7.0

(6.0-8.0)

7

(5.9-7.7)

1% 7

(5.9-7.7)

Serum creatinine 

(µmol/L)

106

(86-133)

3% 106

(86-133)

109

(91 - 142)

3% 110

(91-145)

108

(90-135)

3% 109

(90-135)

EVAR : OR 15% : 85%

(66:376)

0% - 37% : 64%

(75:134)

0% - 32% : 68%

(53:111)

0%

Rejection rate 13% 

(66/508)

- - Unknown - - Unknown -

Combined 30 

day / in-hospital 

death rate

36% 

(159/442, 

CI 32-41%)

- - 33% 

(70/209,

CI 27-40%) 

- - 26% 

(43/164, CI 

20-33%)

-

Separated 30 day 

and in-hospital 

death rate

… - - 30% and 

33% resp. 

p=0.53 CI 

0.58-1.32

- - 26% and 

26% resp. 

p=0.89 CI 

0.63-1.69

- -

SBP = systolic blood pressure, CPR = cardiopulmonary resuscitation, GCS = Glasgow coma scale, EVAR = endovascular aneurysm 

repair, OR = open repair

Continuous data are presented as median (inter-quartile range)
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TABLE 2. Multivariable logistic regression model to predict combined 30-day or in-hospital death to 
develop the Dutch Aneurysm Score.

Variables
Complete model

β-estimate (CI)
After backward elimination

β-estimate (CI)

Age (per year) 0.69 (0.40 to 0.98)* 0.74 (0.46 to 1.02)*

Male sex 0.29 (-0.25 to 0.83) -

Cerebrovascular co-morbidity 0.28 (-0.33 to 0.89) -

Cardiac co-morbidity 0.24 (-0.22 to 0.69) -

Lowest in-hospital SBP (per 10 mmHg) -0.11 (-0.19 to -0.04)* -0.12 (-0.19 to -0.05)*

CPR 0.81 (-0.08 to 1.69) 1.00 (0.16 to 1.84)*

Loss of consciousness 0.35 (-0.31 to 1.01) -

[Hemoglobin/10]3 (per mmol/L) -1.11 (-2.28 to 0.06) -1.27 (-2.41 to -0.14)*

10/Creatinine (per µmol/L) -2.49 (-9.09 to 4.11) -

EVAR -0.15 (-0.80 to 0.49) -

Intercept -4.50 (-6.87 to -2.14)* -4.73 (-6.93 to -2.53)*

CI = confidence interval, SBP = systolic blood pressure, CPR = cardiopulmonary resuscitation, AUC = area under 
the curve.
a Apparent performance of internal validation after backward elimination: AUC = 0.74.
* P<.05

The death rate in high-risk patients with a predicted death rate ≥50% was 63% using 
the DAS (29/46 patients) and 64% (28/44 patients) for the GAS (Table 3). A difference 
between the outcomes of the DAS and the GAS was shown in the observed death rate 
of patients with a predicted death rate of over 80%, which was 83% in the DAS (5/6 
patients). In the GAS there were no predictions above 80%. The lowest score calculated 
by the DAS was a risk of 3% in a four different patients. The GAS showed in two patients 
a risk of 6% as the lowest result. Of all patients with a calculated risk of less than 20% by 
the DAS, 9,9% actually died (12/121 patients), this was 14% (16/114 patients) calculated 
by the GAS.
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TABLE 3. External validation of the Dutch aneurysm score and the Glasgow aneurysm score7,8.

Prediction 
model

Calibration 
in the large

Calibration 
slope

AUC
(CI)

Death rate in 
patients with a 

predicted death 
rate ≥50%

Death rate in 
patients with a 

predicted death 
rate ≥80%P P

Dutch 
Aneurysm 
Score

0.177 .31 1.175 .28 0.77
(0.72 - 0.82)

63%
(29/46, CI 49-75%)

83%
(5/6, CI 44-97%)

Glascow 
Aneurysm 
Score

0.056 .75 1.135 .45 0.72
(0.67 - 0.77)

64%
(28/44, CI 49-76%)

no predictions
≥80%

AUC = area under the curve, CI = 95% confidence interval
Calibration in the large should be as close to 0 as possible, calibration slope should be as close to 1 as possible, an 
AUC >0.70 was considered sufficiently accurate.

FIGURE 1. Calibration plot of the external validation of the Dutch Aneurysm Score in the combined 
Rotterdam and Groningen cohorts.
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FIGURE 2. Calibration plot of the external validation of the Glasgow Aneurysm Score in the combined 
Rotterdam and Groningen cohorts.

DISCUSSION

This study shows that in surgically treated rAAA patients the Dutch Aneurysm Score 
predicts the combined 30 day and in-hospital death rate accurately and reliably in 
the Dutch population. The decision whether or not to withhold lifesaving treatment 
for a patient will always be extremely difficult. A good prediction model can aid in 
this decision. A poor outcome prediction may assist in deciding not to proceed to the 
operation theatre, whereas a relatively low predicted risk of mortality might also aid in 
the decision to offer treatment in patients otherwise turned down for surgery. Using the 
DAS, patients who previously might have had a high estimated risk could now have a 
reasonable or even low calculated risk for treatment by the DAS. For example a patient 
with a cerebrovascular history but without serious persistent morbidity does not need 
to have a higher risk with the DAS. This could reduce the turndown rate as more true 
low risk patients are possibly identified. Clearly, the decision to withhold an intervention 
also largely depends on the subjective interpretation of reality by the clinician in 
dialogue with the patient and the relative. Therefore, a strict threshold for proceeding 
with treatment in patients with a rAAA does not seem realistic.

Besides the better discriminative performance in the present study, the DAS expands on 
previous prediction models in three ways. First, the DAS is developed and validated in 
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cohorts including a large number of patients treated endovascular (194/815). Second, 
the DAS is the first model which reliably identifies a large group of high-risk patients 
(>80%). Third, the DAS was validated using the latest guidelines including discrimination, 
calibration and the identification of high-risk patients18, 23. The DAS includes clinical 
variables which can be easily obtained; age, lowest systolic blood pressure, cardio-
pulmonary resuscitation and hemoglobin levels. Once the clinician has obtained these 
variables, the predicted death rate can be calculated by using the formula stated in 
Table 4 or by going to www.dutchaneurysmscore.com.

TABLE 4. Calculating 30-day/in-hospital death rate by using the Dutch Aneurysm Score. Example given 
is the case of a 76 year old man who presents himself at the emergency room with a systolic blood pressure 
of 93mmHg, a hemoglobin level of 5.9 and hid not need cardiopulmonary resuscitation. Using the Dutch 
Aneurysm Score the calculated 30-day/in-hospital death rate is 38%.

Steps Formula Example

1/ Calculated DAS ‘all variables’ = age§ * 0.074 +
SBP/10¥ * -0.12 +
1 for CPR∞ +
(Hb/10)^3 Ω * -1.27

= 76 * 0.074 +
9.3 * -0.12 +
0 +
(5.9/10)^3 * -1.27 = 4.247

2/ Calculate the ln (odds) 
with the intercept

= -4.73 + DAS =
=

-4.73 + 4.247
-0.483 

3/ Calculate the 30-
day death rate

= exp (ln(odds)) /
(1 + exp (ln(odds)) )

=
=

exp -0.483 / (1 + exp -0.483)
0.38 

§ age in years
¥ systolic blood pressure in mmHg.
∞ presence of cardiopulmonary resuscitation
Ω Hemoglobin levels in mmol/L. To calculate your hemoglobin in g/dl to mmol/L multiply by 0.1551.

The predictive performance regarding calibration was comparable between the DAS 
and the GAS. Also, the performance with regard to the identification of high-risk 
patients with a predicted death rate ≥50% was comparable between the DAS and 
the GAS. Further expanding on the identification of high-risk patient, the GAS did 
not identify any patients with a predicted death rate ≥80%. On the contrary, the DAS 
identified 6 patients with a predicted death rate ≥80%, of which 5 died. This underlines 
our preference for the DAS as compared to the GAS.

A limitation of the present study is the in part retrospective data collection. This resulted 
in a small proportion of missing data. We used multiple imputation to cope with the 
missing data19, 20. In this way, we avoided the exclusion of patients with missing data and 
we could maintain statistical integrity of the database. One could argue if the missing 
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data were completely missing at random. It might have been that patients who were 
hemodynamically instable had more missing values although we have no evidence 
of that. The variables included in the model had acceptable imputation rates in the 
Amsterdam cohort.

In the two cohorts we used for external validation only surgically treated patients 
were included. The turndown rates in these cohorts were unknown. This leaves out 
the patients who are probably at the highest risk, which causes a bias in this study we 
could not prevent. The turndown rates, though, were known for the Amsterdam cohort 
of which the DAS was developed. It might be that differences in in-hospital turndown 
rates are an explanation of the differences in death rates between Groningen (26%, 
CI 20-33%), Amsterdam (36%, CI 32-41%) and Rotterdam (33%, CI 27-40%). Another 
explanation might be the differences in the unknown turndown rates prior to arrival in 
the hospital which are influenced by regional hospitals, referrals of general practitioners 
and also the time it takes to get to a hospital.

CONCLUSION

For patients with a rAAA, we developed and externally validated a new prediction 
model which allows clinicians to estimate the risk of death with variables available prior 
to surgery, the Dutch Aneurysm Score. All the variables included in the DAS are easy 
to obtain, namely age, lowest in-hospital systolic blood pressure, cardiopulmonary 
resuscitation and serum hemoglobin level. By using the provided formula in Table 4 or 
by surfing to www.dutchaneurysmscore.com, clinicians can estimate the risk of dying 
in just a few moments.

The DAS has a superior discriminative performance compared to the GAS in the Dutch 
population. This prediction model identifies low-risk patients in whom an intervention 
is likely to be beneficial. Identification of low-risk patients has the potential to reduce 
turndown rates. The DAS also identifies patients with high-risk of dying in whom 
withholding an intervention could be considered. The DAS can reliably be used by 
clinicians to make a more informed decision in dialogue with the patient and their 
family whether or not to proceed with surgical intervention. To learn more about the 
DAS, further external validation in large prospective series is recommended.
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