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Abstract: Background and Objectives: Despite the relatively large number of publications concerning
the validation of these models, there is currently no solid evidence that they can be used with absolute
precision to predict survival. The goal of this study is to identify preoperative factors that influenced
30-day mortality and to create a predictive model after open ruptured abdominal aortic aneurysm
(RAAA) repair. Materials and Methods: This was a retrospective single-center cohort study derived
from a prospective collected database, between 1 January 2009 and 2016. Multivariate logistic regres-
sion analysis was used to identify all significant predictive factors. Variables that were identified
in the multivariate analysis were dichotomized at standard levels, and logistic regression was used
for the analysis. To ensure that dichotomized variables were not overly simplistic, the C statistic
was evaluated for both dichotomized and continuous models. Results: There were 500 patients with
complete medical data included in the analysis during the study period. Of them, 37.6% were older
than 74 years, and 83.8% were males. Multivariable logistic regression showed five variables that
were predictive of mortality: age > 74 years (OR = 4.01, 95%CI 2.43-6.26), loss of consciousness
(OR =2.21, 95%CI 1.11-4.40), previous myocardial infarction (OR = 2.35, 95%CI 1.19-4.63), devel-
opment of ventricular arrhythmia (OR = 4.54, 95%CI 1.75-11.78), and DAP < 60 mmHg (OR = 2.32,
95%CI 1.17-4.62). Assigning 1 point for each variable, patients were stratified according to the
preoperative RAAA mortality risk score (range 0-5). Patients with 1 point suffered 15.3% mortality
and 3 points 68.2% mortality, while all patients with 5 points died. Conclusions: This preoperative
RAAA score identified risk factors readily assessed at the bedside and provides an accurate prediction
of 30-day mortality after open repair of RAAA.

Keywords: ruptured abdominal aortic aneurysm (RAAA); mortality; risk score; prediction

1. Introduction

Despite the constant progress of surgical techniques and technological innovations,
mortality after open surgical treatment of ruptured abdominal aortic aneurysm (RAAA)
has remained unchanged for decades [1]. In recent years, the results of several randomized
multicenter studies speak in favor of declining mortality trends, which many attribute to
the introduction and widespread use of endovascular treatment (EVAR) [2,3]. EVAR is still
not possible perform in 40-65% of RAAA patients, both due to anatomical limitations and
the unavailability of adequate endovascular stent grafts in emergency settings, especially in
low- and medium-income countries [4]. The final outcome and quality of treatment is the
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product of various pre-, intraoperative, but also factors specific to the center, such as annual
and cumulative volume of the patients and its specialization for the treatment of RAAA.

Today, there is a growing record of conservative treatment of RAAA. According to
available publications, the average proportion of untreated patients ranges between 21.8%
in the United States and 48.8% in the United Kingdom, while a meta-analysis observing
patients treated in Finland, Sweden, Denmark, the United Kingdom, Australia, and New
Zealand identified around 40% of RAAA patients undergoing palliation [5-7].

Many surgeons refer to some of the available predictive models during the decision-
making process. Despite the relatively large number of publications concerning the val-
idation of these models, there is currently no solid evidence that they can be used with
absolute precision to predict survival [8,9]. Current European Society for Vascular Surgery
(ESVS) Guidelines for the management of aortoiliac aneurysms do not recommend the use
of existing scoring systems for decision making [10]. However, the scoring systems might
be of importance when we keep in mind the high cost of treatment due to frequent and
severe postoperative complications.

Taking into account the large volume of patients operated on due to RAAA [11], the
goal of this study is to identify preoperative factors that influence 30-day mortality, as well
as to create a predictive model after open RAAA repair.

2. Methods
2.1. Patient Population and Study Design

This was a retrospective single-center cohort study derived from a prospective col-
lected database of patients who were operated on at the Clinic for Vascular and Endovas-
cular Surgery at the University Clinical Centre of Serbia between 1 January 2009 and
1 January 2016. All consecutive patients older than 18 with confirmed diagnosis of RAAA
that were operated on and with complete medical data were included in our study. Diagno-
sis of RAAA was confirmed using one of the following imaging studies: duplex ultrasound
(US), conventional angiography, and computerized angiography (CTA).

This study excluded patients with symptomatic, mycotic AAA and patients with
thoracoabdominal aortic aneurysms (ThAAA). Informed consent was obtained from all
conscious individuals included in this study. For unconscious patients, we acted in accor-
dance with the legal regulations in our country, that medical data of patients treated in
university clinics can be anonymously used for scientific research purposes without special
consent. Patients who survived gave us a signature after the operation. The study was
approved by the local committee at the Clinical Centre of Serbia. Only attending physi-
cians were allowed to assess the non-anonymized data. Data were collected in accordance
with the Declaration of Helsinki, and the study was carried out in accordance with the
STROBE statement [12].

2.2. Data Collection

Although the study included 109 variables, we decided to focus our analysis on those
easily acquired variables in the preoperative setting:

- Demographics: age and gender

- Baseline comorbidities: smoking status, obesity, presence of hypertension, diabetes
mellitus, previous myocardial infarction, previous myocardial revascularization,
angina pectoris, heart failure (defined as ejection fraction less than 40%), chronic
obstructive pulmonary disease (COPD), chronic kidney disease (CKD), cerebrovascu-
lar disease (previous stroke/transient ischemic attack (TIA)), atrial fibrillation

- Preoperative laboratory: blood count, renal function analysis

- Clinical presentation: systolic, diastolic/ mean arterial blood pressure (SAP/DAP/
MAP), preoperative shock defined as MAP less than 60 mmHg lasting more than
20 min, state of consciousness, duration of symptoms onset until the surgery, presence
of abdominal/lower back pain, presence of collapse, development of ventricular
arrhythmia, and cardiac arrest.
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- Furthermore, to describe the study group, additional intraoperative and immediate
postoperative data were presented as well:

- RAAA parameters: maximal AAA diameter, AAA location (infrarenal, juxtarenal,
pararenal, iliac artery aneurysm).

- Intraoperative data: site of the proximal clamp and proximal clamping duration, type
of reconstruction, total operative time, intraoperative blood loss, and number of given
blood transfusion units.

- Postoperative data/complications: acute kidney injury, pulmonary complications (pro-
longed ventilation for more than 72 h, pneumonia, atelectasis), surgical reintervention,
major bleeding requiring reintervention, lower limb ischemia, stroke, acute coronary
syndrome, ischemic colitis, sepsis, wound infection, wound dehiscence, abdominal
compartment syndrome.

2.3. Endpoints and Statistical Analysis

The primary endpoint was immediate 30-day mortality.

To assess normal distributions, we used the Shapiro-Wilk test. All results were ex-
pressed as arithmetic mean (X) £ standard deviation (SD) for normally distributed variables
and as median and lower and upper interquartile ranges for non-normally distributed
variables. Categorical variables were presented as absolute and relative frequencies. Differ-
ences in continuous variables between the groups were analyzed by Student’s t-test or by
Mann-Whitney U test for variables with skewed distributions.

First univariate and then multivariate logistic regression analysis for 30-day mortality
was used to identify all significant predictive factors. To achieve a practical risk score, vari-
ables identified on multivariate analysis were dichotomized at standard levels, and logistic
regression was used for the analysis. To ensure that dichotomized variables were not overly
simplistic, the C statistic was evaluated for both dichotomized and continuous models,
and the performance of the two models was comparable. Using the receiver operating
characteristic (ROC) curve, the percentage of correctly classified patients was calculated.
The accuracy of the model was tested by calculating the area under the curve (AUC).

3. Results

There were 530 patients who presented to our center between 1 January 2009 and
1 January 2016. Of these, 500 patients with complete medical data were included in our
study. Three patients of total RAAA number underwent palliative treatment (two patients
because of terminal phase of malignancy, one patient rejected operation after admission).
Twenty-seven (5.1%) patients were excluded from this study because of missing important
medical data. All patients underwent consecutive open repair, since at that time we
did not have readily available stent grafts in an emergent setting. The baseline clinical
characteristics and laboratory for the whole study group are shown in Table 1. The majority
of patients were younger than 74 years (63.4%), male (83.8%), smokers (57.4%), and had
hypertension (92.2%). In addition, the majority of patients presented with abdominal/lower
back pain (99%), pulsatile abdominal mass (87.6%), hypovolemic shock (73.8%), and DAP
lower than 60 mmHg (58.6%).

A comparison of baseline clinical and laboratory characteristics between patients based
on 30-day mortality is shown in Table 1. Patients who died were older (60.5% vs. 25.1%,
p <0.001) and more frequently were female (21.5% vs. 13.3%, p = 0.022), had a previous
myocardial infarction (26.6% vs. 13.9%, p < 0.001), had angina pectoris (49.2% vs. 24.5%,
p <0.001), were in heart failure (29.9% vs. 10.8%, p < 0.001), were in atrial fibrillation
(17.5% vs. 9%, p = 0.005), had a previous stroke/TIA, had COPD (48% vs. 29.7%, p < 0.001),
or had CKD (19.8% vs. 11.1%, p = 0.008). Regarding the clinical presentation, patients
who died more often had hypovolemic shock (90.4% vs. 64.7%, p < 0.001), collapse
(67.2% vs. 37.5%, p < 0.001), unconsciousness (36.2% vs. 9.6%, p < 0.001), and developed
ventricular arrhythmia (14.1% vs. 3.7%, p < 0.001), as well as cardiac arrest (5.1% vs. 0.3%,
p <0.001). Additionally, patients who died had worse hemodynamic parameters, i.e., more
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patients with SAP <70 mmHg (42.4% vs. 13.6%, p < 0.001), those with DAP < 60 mmHg
(80.2% vs. 46.7%, p < 0.001) and with MAP < 60 mmHg (56.5% vs. 26.9%, p < 0.001).
Laboratory parameters were also worse in patients who died, i.e., more patients with
hemoglobin < 78 g/L (39% vs. 15.2%, p < 0.001), platelets < 145 x 10” (52.5% vs. 26.9%,
p < 0.001) and creatinine > 145 mmol/L (46.9% vs. 23.5%, p < 0.001).

Table 1. Baseline clinical characteristics and comparison between the two groups of patients.

n =500 n =177 n =323
Demographics Whole Study Group Patients Who Died Patients Who Survived p Value
Age>74 188 (37.6%) 107 (60.5%) 81 (25.1%) <0.001
Female 81 (16.2%) 38 (21.5%) 43 (13.3%) 0.022
Risk factors
Obesity 176 (35.2%) 71 (40.1%) 105 (32.5%) 0.08
Smoking 287 (57.4%) 103 (58.5%) 184 (57.1%) 0.76
Hypertension 461 (92.2%) 166 (93.8%) 295 (91.3%) 0.33
Diabetes mellitus 84 (16.8%) 34 (19.2%) 50 (15.5%) 0.28
Previous myocardial 92 (18.4%) 47 (26.6%) 45 (13.9%) <0.001
infarction
Previous myocardial 46 (9.2%) 20 (11.3%) 26 (8%) 0.23
revascularisation
Angina pectoris 60 (12%) 87 (49.2%) 79 (24.5%) <0.001
Heart failure 88 (17.6%) 53 (29.9%) 35 (10.8%) <0.001
Atrial fibrillation 60 (12%) 31 (17.5%) 29 (9%) 0.005
Previous stroke 47 (9.4%) 24 (13.6%) 23 (7.1%) 0.018
COPD 181 (36.2%) 85 (48%) 96 (29.7%) <0.001
CKD 71 (14.2%) 35 (19.8%) 36 (11.1%) 0.008
Clinical presentation
Abdom”;fig low back 495 (99%) 176 (99.4%) 319 (98.8%) 0.47
P“lsatﬂfnzks’sdommal 438 (87.6%) 158 (89.3%) 280 (86.7%) 041
Hypovolemic shock 369 (73.8%) 160 (90.4%) 209 (64.7%) <0.001
Collapse 240 (48%) 119 (67.2%) 121 (37.5%) <0.001
Unconsciousness 95 (19%) 64 (36.2%) 31 (9.6%) <0.001
Ventricular arrhythmia 37 (7.4%) 25 (14.1%) 12 (3.7%) <0.001
Cardiac arrest 10 (2%) 9 (5.1%) 1 (0.3%) <0.001
Haemodynamics
SAP < 70 (mmHg) 119 (23.8%) 75 (42.4%) 44 (13.6%) <0.001
DAP < 60 (mmHg) 293 (58.6%) 142 (80.2%) 151 (46.7%) <0.001
MAP < 60 (mmHg) 187 (37.4%) 100 (56.5%) 87 (26.9%) <0.001
Laboratory
Haem‘zgl/oLb)m <78 118 (23.6%) 69 (39%) 49 (15.2%) <0.001
Platelets < 145 (10%) 154 (30.8%) 93 (52.5%) 87 (26.9%) <0.001
Creatinine > 145 159 (31.8%) 83 (46.9%) 76 (23.5%) <0.001

(mmol/L)

BMI—body mass index, COPD—chronic obstructive pulmonary disease, CKD—chronic kidney disease, AAA—
abdominal aortic aneurysm, SAP—systolic arterial pressure, DAP—diastolic arterial pressure, MAP—mean
arterial pressure.

The operative details are shown in Table 2. Most of the AAA were infrarenal (81.8%).
The most commonly used clamp site for proximal bleeding control was supraceliac (67.8%),
while the mean duration of proximal clamp was 36.6 £ 24.5 min. The most commonly
performed reconstruction was tube graft interposition (52.4%). The mean operative time
was 166.5 min, while the median blood loss was 3000 mL.
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Table 2. Anatomical and procedural data in the whole study group (n = 500).

Anatomic characteristics

AAA size (mm) 80 + 16.8
AAA localization
Infrarenal 409 (81.8%)
Juxtarenal 76 (15.2%)
Iliac 14 (3%)
Procedural characteristics
Position of proximal aortic clamp
Infrarenal 145 (29%)
Suprarenal 16 (3.2%)
Supraceliac 339 (67.8%)
Duration of proximal aortic clamping (min) 36.6 £ 24.5
Type of reconstruction
None 18 (3.6%)
Tube graft interposition 262 (52.4%)
All bypass 140 (28%)
AFF bypass 80 (16%)
Total operative time (min) 166.5 £ 50.6
Blood loss (ml) 3000 (2000—4500)

AAA—abdominal aortic aneurysm, All—aortobiiliac, AFF—aortobifemoral.

Postoperative complications are shown in Table 3. Pulmonary complications were the most
common (22.2%), followed by acute kidney injury (14%) and surgical reintervention (13.8%).

Table 3. Postoperative complications (n = 500).

Acute kidney injury 70 (14%)
Pulmonary complications * 111 (22.2%)
Surgical reintervention 69 (13.8%)

Major bleeding requiring reintervention 38 (7.6%)

Lower limb ischaemia 17 (3.4%)

Stroke 16 (3.2%)

Acute coronary syndrome 31 (6.2%)
Ischaemic colitis 26 (5.2%)
Sepsis 7 (1.4%)

Wound infection 6 (1.2%)
Wound dehiscence 4 (0.8%)
Abdominal compartment syndrome 13 (2.6%)

*—Pulmonary complications—prolonged ventilation more than 72 h, pneumonia, atelectasis.

Overall, 30-day mortality was 35.4%. Multivariable logistic regression showed five
variables that were predictive of mortality: age > 74 years (OR = 4.01, 95%CI 2.43-6.26,
p < 0.001), loss of consciousness (OR =2.21, 95%CI 1.11-4.40, p = 0.024), previous myocardial
infarction (OR = 2.35, 95%CI 1.19-4.63, p = 0.014), development of ventricular arrhythmia
(OR =4.54, 95%CI 1.75-11.78, p = 0.002), and DAP < 60 mmHg (OR = 2.32, 95%CI 1.17-4.62,
p = 0.016) (Table 4 and Figure 1).

Table 4. Factors that influenced 30-day mortality.

Univariate Analysis Multivariate Analysis

Variables OR 95%CI p Values OR 95%CI p Values
Age>74 4.56 3.08-6.76 <0.001 4.01 2.43-6.26 <0.001
Unconsciousness 5.33 3.30-8.63 <0.001 221 1.11-4.40 0.024
Previous myocardial infarction 2.23 1.41-3.53 <0.001 2.35 1.19-4.63 0.014
Ventricular arrthythmia 4.26 2.08-8.71 <0.001 4.54 1.75-11.78 0.002
DAP < 60 mmHg 4.62 3.00-7.10 <0.001 2.32 1.17-4.62 0.016

DAP—diastolic blood pressure, OR—odds ratio, CI—confidence interval.
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Log odds ratio for predictors

DAP<60mmHg- R
Ventricular arrhythmia- e
Previous myocardial infarction- el
Unconsciousness— —I—
Age>74- —B—
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Figure 1. Multivariate logistic regression predictors of 30-day mortality in a study cohort.

Our score for preoperative RAAA mortality was calculated by assigning 1 point for
each of the predictors of 30-day mortality (Table 5). Table 6 shows the distribution of
patients according to the preoperative RAAA mortality risk score. Score 1 predicted only
15.3%, score 3 predicted 68.2% 30-day mortality, and score 5 predicted 100% mortality
(Table 6). ROC curve (Figure 2) showed almost identical performance of dichotomized and
continuous models.

10

08 /

06 7

Sensitivity

04

02f

continuous model AUC=0.829 (0.790-0.867)
dichotomized model AUC=0.822 (0.783-0.861)

00
00 02 04 06 08 10

1 - Specificity

Figure 2. Comparison of two models with continuous and dichotomized variables.
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Table 5. Predictors of 30-day mortality.
Predictors OR Points
Age > 74 4.01 1
Unconsciousness 2.21 1
Prev19us m){ocardlal 235 1
infarction
Ventricular arrhythmia 4.54 1
DAP < 60 mmHg 2.32 1
DAP—diastolic blood pressure, OR—odds ratio.
Table 6. Distribution according to preoperative risk score.
Score 0 1 2 3 4 5
Deaths, 1 (%) 7 (7.4%) 22 (15.3%) 44 (34.9%) 58 (68.2%) 37 (88.1%) 9 (100%)
Number of patients 94 144 126 85 42 9

4. Discussion

In this research, we sought to identify significant preoperative factors that influenced
30-day mortality after RAAA and to create a predictive risk score in patients undergoing
open repair. Five important predictive factors were identified: age > 74 years, previous
myocardial infarction, loss of consciousness, development of ventricular arrhythmia, and
DAP values < 60 mmHg. With an increase in predictive factors, mortality rose; the presence
of all five factors had a 100% prediction of mortality (Table 6).

Over the last 20 years, numerous predicting scoring systems have been developed to
predict survival after RAAA (13-19). One of the oldest and most accepted scores is the
Hardman index (HI) and Glasgow Aneurysm Score (GAS) [13,14]. However, the predic-
tive value of HI and GAS is low in the highest risk population. In addition, these older
models [13-15] are not adopted for endovascular repair. The lack of newer predictive
models [16-19] is the absence of external validation, as well as the involvement of intraop-
erative factors [17]. However, in the current era of high-value and quality care, the goal
of a useful and practical scoring system is to predict 30-day mortality that might help in
guiding a discussion with the patient and family, which might help with the decision to
select between palliative care or going with the patient to the operating theatre. Good
prediction systems should be easy to handle and calculate in everyday settings based on
preoperative data. Taking into account the big experience of the Clinic for Vascular and
Endovascular Surgery [11], we sought to create a new predictive score that would be easier
for calculation and applicable than the existing scoring systems.

It is not surprising at all for us to see the existing predictors. Older age (>74 years) is al-
ready marked in all existing prediction models, since this represents the marker of organism
frailty. Previous myocardial infarction indicates the presence of vulnerable myocardium,
while the development of ventricular arrhythmia points to the lack of myocardial perfusion
and suffering due to hypovolemic state and hemoglobin depletion, which decrease the
blood oxygen caring capacity. Loss of consciousness and lower DAP values (>60 mmHg)
simply show the severity of hypovolemic shock. The value of our score is that it is simple
and uses only preoperative variables that are readily measured in minutes at the bedside.
Other good points of our score are the high prediction of mortality and identical perfor-
mance of the continuous and dichotomized models, as shown in Figure 1. The degree of
overlap of the dichotomized and continuous models allowed us to assign one point for
each predictor and resulted in the creation of a simple formula.

Mortality prediction after RAAA repair is important for several reasons. One of the
most important reasons is the ability to plan patient care. It is well known that care cen-
tralization for RAAA surgical treatment allows the achievement of better results. Patients
treated in high volume centers, university hospitals, or specialized trauma centers have a
better chance for survival [1,20]. Additionally, the rejection rate is lower in high-volume
and teaching hospitals [6]. Better results are conditioned by the availability of a multi-
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disciplinary and well-trained team, as well as by developed diagnostic and therapeutic
algorithms adapted to local conditions [11]. The possibility of rapid transport to the refer-
ence hospital, resuscitation, and fast transfer to the operation room does not necessarily
mean that we have made a good decision for the patient. The key question for physicians
in such urgent circumstances is how to identify a patient who cannot be helped. From the
other point of view, the question is whether the RAAA repair will enable the patient’s life
to be prolonged and what the impact will be on life quality. Despite the technological and
organizational progress in RAAA surgery (improvement of treatment protocols, higher
contribution of endovascular repair and care centralization), there are still patients who are
dying because of RAAA [21-23]. The importance of 30-day mortality prediction before a
patient’s transfer to a tertiary hospital is to help allocate resources and spare the patient as
well physician from performing the procedure with no prospect of success. In addition to
the listed reasons, the high cost of RAAA treatment should be taken into account. These
costs are often higher than the costs for electively treated patients. This is due to the high
rate of complications and prolonged stay in intensive care units. The cost analysis of
surgery for RAAA published by authors from the United Kingdom showed that median
cost for uncomplicated ruptures was £6427, £20.075 for complicated ruptures, and £4762 for
unruptured AAA [24]. Despite this, there are no precise cost data for Serbia. Considering
the lower available budget compared to most developed countries, rationalization in the
treatment of RAAA patients with higher preoperative scores can be very important.

Predictors that have included in our score are all data that the referring physician who
first comes into contact with an RAAA patient can easily communicate with a reference
hospital. With data that are available in Table 6, the physicians now have the data to tell
the patient and the patients’ families that transfer may be futile when >4 risk factors are
present. As we have patients who are traveling as far as 300 km from the south of Serbia, the
option of not operating on a patient with an 88.1% to 100% likelihood of mortality allows
the family to spend time with the patient and initiate comfort care measures. Additionally,
the costs of transport from these hospitals are no less important.

Creating simple and reliable preoperative predictive scores can be used in the future to
create an application for smartphones in collaboration with information technology experts.
The existence of the application can facilitate and ease everyday use of the proposed score.

5. Limitations and Strengths

Our study has several limitations. First, this was a single-center study. Second,
our score is reflective of our institution and has not been validated at other institutions.
Whereas the recognition of RAAA with the need to have a “rupture protocol” has been
extremely successful at our hospital, it may not be applicable to other low-volume centers.
Third, the majority of our patients were transferred from an outside hospital, and the
mere fact that they survived transport might have biased the results. Fourth, all of our
patients underwent open repair, which might limit the applicability of this score in patients
undergoing endovascular repair. Fifth, only patients who received surgical intervention
were included in the present study, and patients who chose conservative treatment, as well
as those who died on their way to the hospital, were not included. Sixth, our study did not
report the rate of mortality for RAAA at 90 days in order to detect all the deaths related
to the index procedures. Seventh, twenty-seven (5.1%) patients were excluded from this
study because of missing important medical data.

The main strength of this study is the large number of patients with detailed clinical
information, which provides the statistical power to create a strong prediction score. Second,
all of these patients were treated at a single institution that has a high volume for aortic
pathology, and all our data were obtained from this population and not saturated with
results from other institutions, allowing us to believe strongly that this model works at
our institution. Third, all of the patients were treated using the same protocol that was
developed in 2002 for these patients, and by the same surgical team that uses the same
technique and principles when treating these patients [11].
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6. Conclusions

This preoperative RAAA score identified risk factors readily assessed at the bedside
and provides an accurate prediction of 30-day mortality after open repair of RAAA. These
findings and results might have a direct impact on decision-making, such as patient referral
to a tertiary care center and helping in the discussion with family and relatives.
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