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ABSTRACT 

Objective 

To describe the triage of patients operated for non-ruptured and ruptured abdominal 

aortic aneurysms (AAAs) before the endovascular era. 

Design 

Retrospective single-centre cohort study. 

Methods: All patients treated for an acute AAA between 1998 and 2001 and admitted 

to our hospital were evaluated in the emergency department for urgent AAA surgery. 

All time intervals, from the telephone call from the patient to the ambulance 

department, to the arrival of the patient in the operating theatre, were analysed. 

Intraoperative, hospital and 1-year survival were determined. 

Results 

160 patients with an acute AAA were transported to our hospital. Mean (SD) age was 

71 (8) years, and 138 (86%) were men. 34 (21%) of these patients had symptomatic, 

non-ruptured AAA (SAAA) and 126 patients had ruptured AAA (RAAA). All patients 

with SAAA and 98% of patients with RAAA were operated upon. For the patients with 

RAAA, median time from telephone call to arrival at the hospital was 43 min 

(interquartile range 33–53 min) and median time from arrival at the hospital to arrival 

at the operating room was 25 min (interquartile range 11–50 min). Intraoperative 

mortality was 0% for SAAA and 11% for RAAA (p = 0.042), and hospital mortality 

was 12% and 33%, respectively (p = 0.014). 

Conclusions 

A multidisciplinary unified strategy resulted in a rapid throughput of patients with 

acute AAA. Rapid transport, diagnosis and surgery resulted in favourable hospital 

mortality. Despite the fact that nearly all the patients were operated upon, survival was 

favourable compared with published data. 
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As untreated ruptured abdominal aortic aneurysm (AAA) has an almost 100% 

mortality, rapid diagnosis and treatment are essential goals. Nevertheless, several 

recent series report a hospital mortality >50% for patients with acute AAAs  

(44,45,47). These figures include only patients who arrive alive at the hospital. 

Therefore, total mortality for acute AAA may approximate 80–90% (43,154,155). 

Delay in treatment might significantly influence mortality; therefore, measures to 

reduce time to surgery can be valuable in decreasing mortality. Very few studies 

describe the delay to surgery (107,156-158). AbuRahma et al describe a mortality of 

73% in patients operated after a delay of >2h, whereas patients who were operated 

within 2h had a mortality of 48% (p=0.05) (107). Both transportation by ambulance 

and intrahospital management protocol have an influence on delays to surgery. 

This study aims to present the results of a strategy of direct ambulance 

transport to our tertiary referral centre when acute AAA was suspected, followed by 

minimal diagnostics and emergency surgery for nearly all patients. 

 

MATERIALS AND METHODS 

Patients 

This is a retrospective cohort study of consecutive patients undergoing emergency 

surgery for acute AAA at a university centre. All patients admitted alive to our hospital 

with acute AAAs between 1998 and 2001 were included in the study. Patients were 

identified from the ambulance database, hospital and medical records using the 

International Classification of Diseases—Ninth Revision codes and the search terms 

aneurysm, aorta and aortic surgery. 

A rural and stable population provides the referral base for our hospital. 

Information on survival was retrieved from hospital databases. 

Definitions 

Acute AAA was defined as any AAA requiring treatment within 24h. Patients were 

classified as having an acute symptomatic, non-ruptured AAA (SAAA) or ruptured  

AAA (RAAA), according to the absence or presence of discontinuation of the integrity 

of the aortic wall with blood extravasation as shown on computerised tomography or as 
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found during surgery. Haemorrhagic shock was defined as a systolic blood pressure 

≤100 mm Hg before surgery. Hospital mortality was calculated for all patients who 

reached the operating theatre alive. Patients treated with emergency endovascular 

repair during the same period were excluded. 

Transport time was defined as the time from telephone call to the ambulance 

service to arrival in the emergency room. Intrahospital delay was defined as time from 

arrival of the patient in the emergency department to arrival in the operating theatre. 

Total delay to surgery was defined as the sum of transport time and intrahospital delay. 

Distance of transport was defined as the distance from the home address of the patient 

to our hospital. 

Management strategy 

When ambulance personnel suspected that the patient had a ruptured aneurysm, our 

hospital was alerted, so that an experienced vascular surgeon and a radiologist were 

present when the patient arrived. At the same time, the operating room was alerted. The 

ambulance personnel inserted two intravenous lines and initiated fluid resuscitation 

only in the case of shock (ie, systolic blood pressure ≤100 mm Hg) with altered mental 

state. On arrival, the diagnosis was confirmed by physical examination, ultrasound and, 

more recently, computerised tomography to evaluate emergency endovascular repair as 

a treatment option. For a patient in haemodynamic shock with a palpable aneurysm, no 

ultrasound was carried out and the patient was immediately transported to the operating 

theatre. Until aortic clamping was carried out in the operating theatre, we accepted a 

systolic blood pressure of ≤100 mm Hg, to reduce retroperitoneal blood losses or to 

prevent free rupture in the peritoneal cavity. Patients who had a cardiac arrest during 

transport or in the emergency room but were successfully resuscitated were also 

offered surgery. Exclusion criteria for surgery were prolonged cardiac arrest despite 

resuscitation, advanced Alzheimer’s disease and a poor Karnofsky performance score 

(159) (≤40; ie, the patient is disabled and requires special care and help), or severe 

cardiovascular disease associated with a New York Health Association-IV performance 

score. If the clinical picture was unclear or unknown, the patient was still offered 

surgery. 
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Surgery was performed with at least one experienced vascular surgeon present. 

In the operating theatre, a rapid sequence induction of anaesthesia and intubation was 

carried out after prepping and draping the abdomen. After surgery, all patients 

remained intubated and mechanically ventilated and were transferred to a tertiary 

intensive care unit (ICU). This ICU is staffed with nurses in a 1.5:1 patient–nurse ratio, 

with onsite doctors dedicated solely to the ICU for 24h a day and supervised by 

certified intensivists. 

Statistics 

Data are reported as mean and standard deviation (SD), or as median with interquartile 

ranges for skewed data. The Student’s t test was used to compare normally distributed 

continuous variables, and the Mann–Whitney U test was used for continuous variables 

with a skewed distribution. Differences between categorical variables were tested by χ2 

analysis. Cumulative survival was calculated using Kaplan–Meier analysis. The log 

rank test was used to compare survival curves between patients with SAAA and those 

with RAAA. p Values <0.05 were regarded as significant. 

 

RESULTS 

Patient population 

During the study period, 160 patients with acute aneurysms were operated upon: 34 

with SAAA and 126 with RAAA. An additional 15 patients who received emergency 

endovascular treatment for their acute AAA were excluded. Table 1 describes the 

demographics of this population. Age and sex did not differ between patients with 

SAAA and RAAA; nor did comorbidity profiles between these two groups. 

All 34 patients presenting to the emergency department with a SAAA were 

operated upon. In total, 126 patients with RAAA were evaluated for surgery, of which 

only three (2.4%) patients did not undergo surgery, because of severe cardiovascular 

disease with a New York Health Association-IV performance score. 
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Table 1. Demographic data of the patients operated for symptomatic aneurysms. 
 
 All patients 

N=160 

SAAA 

N=34 

RAAA 

N= 126 

p 

Demographic characteristics     

   Age (y), mean ± SD 71 ± 8 71 ± 7 71 ± 8 NS 

   Male sex, n (%) 138 (86%) 29 (85%) 109 (87%) NS 

   Cerebrovascular disease 18 (11%) 2 (6%)  16 (12%) NS 

Chronic obstructive           
pulmonary disease 

37 (23%) 7 (21%) 30 (24%) NS 

   Chronic renal failure 12 (8%) 3 (9%) 9 (7%) NS 

   Congestive heart failure 17 (11%) 4 (12%) 13 (10%) NS 

   Coronary artery disease 62 (39%) 15 (44%) 47 (37%) NS 

   Diabetes mellitus 15 (9%) 3 (9%) 12 (10%) NS 

   Hypertension 50 (31%) 11 (32%) 39 (31%) NS 

 
SD = Standard Deviation; SBP = Systolic blood pressure in the emergency department; IQR = 
Interquartile Range 

 

Transport time and intrahospital delay 

Median transport time for the 34 patients with SAAA was 43 min (interquartile range 

33–52 min). The median distance of transport (between patient pick-up and hospital) 

was 22 km (16–31 km). Median intrahospital delay was 160 min (53–452 min). 

Median transport time of the 126 operated patients with RAAA was 43 min 

(33–53 min). The median distance of transport was 22 km (4–30 km). Median 

intrahospital delay was 25 min (11–50 min). Median total delay to surgery was 67 min 

(52–102 min; table 2). Of these patients, 66% were referred by a general practitioner or 

directly by the ambulance services, and 34% were referred from another hospital. 

The diagnostic investigation was different in patients with SAAA and RAAA: 

an ultrasound or computed tomography scan was used in 76% and 51%, respectively 

(p=0.007). 
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Table 2. Blood pressure at arrival emergency department, delay to surgery, diagnostic 
approach, level of aortic clamping and length of stay of patients operated for 
symptomatic aneurysms. 
 All patients

N=160 

SAAA 

N=34 

RAAA 

N= 126 

p 

Systolic blood pressure at arrival    

   Cardiac arrest 

   RR 20-60 mmHg 

   RR 60-100 mmHg 

   RR >100 mmHg 

 

8 (5%) 

31 (19%) 

65 (41%) 

56 (35%) 

 

0 

0 

7 (21%) 

27 (79%) 

 

8 (6%) 

31 (25%) 

58 (46%) 

29 (23%) 

 

NS 

<.01 

NS 

NS 

Delay to surgery (minutes)     

   Transport time 42 (33-49) 43 (33-52) 43 (33-53) NS 

   Intrahospital delay 29 (12-61) 160 (53-452) 25 (11-50) <.001 

Diagnostic work-up     

   Physical examination only 70 (43%) 8 (24%) 62 (49%) .007 

   Ultrasound 40 (25%) 8 (24%) 32 (25%) NS 

   Computerised tomography 65 (41%) 23 (68%) 42 (33%) <.001 

Intra-operative data     

   Suprarenal clamping (yes) 8 (5%) 0 8 (6%) NS 

Length of stay (days), median (IQR)     

   Intensive care 3 (1-8) 2 (1-3) 4 (2-10) .001 

   Hospital 12 (8-18) 9 (7-11) 14 (9-21) .001 

 
IQR, interquartile range; NS, not significant; RAAA, ruptured AAA; SAAA, symptomatic, non-
ruptured AAA. 
 

Outcome 

Overall intraoperative mortality was 0 for patients with SAAA and 14 (11%) for 

patients with SAAA (p=0.042). Thirty-day and hospital mortality was 3 (9%) and 4 

(12%), respectively, for SAAA. Thirty-day and hospital mortality for patients with 

RAAA was 38 (30%) and 42 (33%), respectively (p=0.011 and 0.014). Haemorrhagic 
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shock was observed in 7 (21%) patients with SAAA versus 97 (77%) patients with 

RAAA. None of the patients with SAAA and eight with RAAA had a cardiac arrest 

during ambulance transport or in the emergency department. Four of these patients died 

intraoperatively, two died in the ICU and another two patients survived until discharge 

from hospital. Of these two patients, one died after 4 months; the other is still alive 

after >5 years of follow-up. One-year mortality was 6 (18%) for SAAA and 54 (43%) 

for RAAA, see figure 1 (p=0.008; log rank). Follow-up was complete in all patients. 

 

Figure 1. Kaplan-Meier curve of the 1-year survival in patients with SAAA and RAAA. 

 

DISCUSSION 

This study shows that a unified strategy for the treatment of patients with acute AAAs 

is associated with a hospital mortality of 12% and 35%, for SAAA and RAAA, 

respectively, despite offering surgery to >95% of all patients. We infer that the 

combined transport time and intrahospital delay of only 67 min has contributed to this 

relatively favourable outcome. 

The survival curves for SAAA and RAAA suggest that longer-term survival is 

similar, which reflects the similar effect of associated comorbidities. 
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In the literature, hospital mortality for patients operated for RAAA ranges 

from 20% to 70% (44,45,160-162). This wide range is partly explained by selection 

bias, with some centres having restrictive and others liberal indications for surgery. 

This, however, is not the only explanation, as in some series (160,161,163-165) in 

which surgery was offered to an average of 73% (95% confidence interval (CI) 72% to 

74%) of the patients with 

ruptured aneurysms, the cumulative hospital mortality was 40% (95% CI 38% to 41%). 

The average time of 43 min between the emergency call and arrival of patients 

at our emergency department reflects the efficiency of our transport system and the size 

of our catchment area in the northern Netherlands. In addition, the fact that the 

paramedics alert the hospital before their arrival and that the vascular surgeon and the 

radiology staff are in hospital at the time of the patients’ arrival reduces intrahospital 

delay. 

Many other factors affect outcome after acute AAA. Another important 

determinant of outcome is the experience and the specialty of the operating surgeon, 

with worse survival reported for less experienced surgeons or for general surgeons than 

for vascular surgeons (123,166,167). Postoperative treatment also affects outcome. 

Sandison et al (168) observed marked differences in mortality between two ICUs that 

received patients operated by the same surgical team. Thus, the availability of a well-

staffed surgical ICU may also have been beneficial for the prognosis of our patients. 

Comparison of results between hospitals and surgeons is confounded by 

patient selection, modality of patient transport, distances, surgical experience, 

postoperative care, definition of symptomatic aneurysms and of haemodynamic 

stability. The retrospective design of our study limits the inferences that may be drawn. 

However, our extensive search for patients with symptomatic aneurysms (including 

hospital, doctor and emergency services records), the regional pattern of referral and 

the completeness of our follow-up provide an insight to the results that may be 

obtained with a unified strategy of aggressive management of patients with 

symptomatic aneurysms. 
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The clinical implications of our findings may vary depending on the setting in 

which treatment of acute AAAs is performed. As geographical conditions that 

determine the distance that patients should travel vary widely, the effectiveness of 

measures to limit transport delay may also vary. Faster means of transportation and a 

protocol for the management of these patients are strategies to improve results. 

An additional approach may be the implementation of an endovascular 

programme for the treatment of symptomatic aneurysms. In elective AAA repair, 

endovascular treatment has shown reduced organ dysfunction and lower 30-day 

mortality than in open AAA repair (48,50), although long-term survival is comparable 

(149,150). Endovascular treatment for symptomatic AAAs showed promising results; 

however, 

suitability was low (169). Furthermore, a potential hazard of this approach is the 

inevitable delay to surgery caused by the necessary computed tomography. Therefore, 

the effectiveness of emergency endovascular procedures in the treatment of RAAA 

needs confirmation in prospective clinical trials. 

Further studies on the management of acute AAA should include a description 

of the protocols used, and report the delays involved as well as the number and type of 

patients who were denied surgical treatment. 

 

CONCLUSION 

In an environment and an ambulance system that has short delays of transportation, a 

unified strategy of treatment of acute AAA provides hospital survivals comparable to 

the best reported in the literature, despite a policy of offering surgery to most patients. 
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