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Abstract

Objective—Operative mortality of patients undergoing symptomatic abdominal aortic aneurysm 

(Sx-AAA) repair has been reported at 6% to 30% during the past 25 years. We used a multicenter 

regional database to describe the contemporary outcomes of patients undergoing repair of Sx-

AAA.

Methods—All patients undergoing infrarenal AAA repair in 11 hospitals comprising the 

Vascular Study Group of Northern New England (VSGNNE) between 2003 and 2009 were 

studied. Sx-AAA was prospectively defined as an AAA accompanied by abdominal or back pain 

or tenderness, but without rupture. The primary study end point was in-hospital mortality. 

Secondary end points included in-hospital postoperative major adverse events (MAE) and late 

survival. These outcomes were compared between symptomatic patients and contemporary 

VSGNNE cohorts of elective (E-AAA) and ruptured AAAs (R-AAAs) treated within the same 

study period.

Results—During the study period, 2386 AAA repairs were performed, comprising 1959 (82%) 

E-AAAs, 156 (7%) Sx-AAAs, and 271 (11%) R-AAAs. Repair was endovascular in 945 (48%) E-
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AAAs, 60 (38%) Sx-AAAs, and 33 (12%) R-AAAs. Hospital mortality was 1.7% for E-AAA 

repair and 1.3% for Sx-AAA repair, but was 34.7% for R-AAA repair (P < .001). The MAE rates 

were 20%, 35%, and 63%, respectively, for E-AAA, Sx-AAA, and R-AAA repairs (P < .001). The 

mean Glasgow Aneurysm Score (GAS) for Sx-AAA patients who survived was 79 ± 12. Those 

who died had an average score of 92 ± 7, and 83% of all Sx-AAA and R-AAA patients who died 

had a GAS >85. Kaplan-Meier analysis demonstrated that at 1 and 4 years, Sx-AAA repair was 

associated with intermediate survival (83% and 68%) compared with E-AAA repair (89% and 

73%) and R-AAA repair (49% and 35%; P < .001).

Conclusion—The operative mortality of patients with Sx-AAA in contemporary practice 

appears better than that previously reported in the literature. Despite low operative mortality, MAE 

and late survival are intermediate compared with E-AAA and R-AAA repair. Review of previous 

series shows a trend for lower operative mortality after Sx-AAA repair in more recent series, 

which likely reflects improved perioperative care and more use of endovascular aneurysm repair.

The incidence of abdominal aortic aneurysms (AAAs) increases with age and approaches 

7% in men by age 70.1 Most AAAs that require repair are done electively, but some are 

repaired only after rupture. A third subset of AAAs presents with symptoms of abdominal or 

back pain associated with aneurysm tenderness, suggesting rupture. Often, these patients 

undergo emergency or urgent AAA repair because of fear that rupture is imminent, even if 

not demonstrable on abdominal imaging. Such AAAs are termed symptomatic and represent 

5.5% to 22% of all AAAs that require operation in previously reported surgical series.2–8

Historically, patients with symptomatic AAAs (Sx-AAAs) have been consistently reported 

to have worse outcomes than patients undergoing elective AAA (E-AAA) repair, with 30-

day or in-hospital mortality rates of 4% to 22%.2–4,9–14 Additionally, major adverse event 

(MAE) rates after Sx-AAA repair have been found to be much higher than after E-AAA 

repair.4,5,7,14,15 Although most of the reported experience concerns open repair of Sx-AAAs, 

more recent series have described successful endovascular aneurysm repair (EVAR).2,6 

However, these are small series of patients treated by EVAR, without direct comparison to 

open repair.

Optimal timing of Sx-AAA treatment is debated. Some have suggested that delay in 

operative repair might improve outcome by allowing a more complete risk assessment and 

avoiding off-hours operations by less-experienced surgical and anesthesia teams.4 However, 

concern about impending rupture argues for rapid repair.3,7,9,11,12 At present, such decision 

making is difficult because the causes for worse outcomes of Sx-AAAs are not certain, given 

that these patients do not experience rupture and its physiologic sequelae.

The purpose of this study was to analyze the current outcomes of a large group of patients 

with Sx-AAAs derived from a multicenter regional database. We sought to compare these 

patients with those undergoing E-AAA and ruptured AAA (R-AAA) treatment to analyze 

risk factors for increased morbidity and mortality in patients with Sx-AAAs.
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MATERIALS AND METHODS

Patients and database

This is a retrospective analysis of data collected prospectively by the Vascular Study Group 

of Northern New England (VSGNNE), a regional cooperative quality improvement initiative 

developed in 2002 to study regional outcomes in vascular surgery. Further details about this 

registry have been published previously.16 Of note, registry data are compared with hospital 

claims in regular audits, and missing cases are retrieved to yield a 99% capture rate. 

Mortality is audited using hospital claims and Social Security Death Index. Not all outcome 

events are audited, but because reporting is anonymous, there is no benefit to underreporting. 

The analysis included all patients who underwent AAA repair (elective, symptomatic, or 

ruptured) by 37 participating surgeons in 11 study hospitals (Appendix A, online only) from 

January 1, 2003, to March 31, 2009.

Definitions

A Sx-AAA was prospectively defined as an aneurysm that was not ruptured but that required 

urgent repair because of associated pain or tenderness. R-AAA was defined as an aneurysm 

with operative, computed tomography, or angiographic evidence of retroperitoneal or 

intraperitoneal bleeding. Infrarenal AAA was defined as an AAA in which the proximal 

aortic anastomosis was below both renal arteries, although aortic clamping could be 

suprarenal or supravisceral (all defined as suprarenal for this analysis).

The database routinely records pre-existing medical comorbidities, including chronic 

obstructive pulmonary disease (record history), congestive heart failure (record history or 

documented ejection fraction <50% on preoperative testing), coronary artery disease (CAD; 

any history of angina, myocardial infarction [MI], prior coronary intervention, or 

electrocardiographic changes consistent with previous MI), chronic renal insufficiency (CRI; 

serum creatinine ≥1.8 mg/dL), end-stage renal disease (on dialysis), diabetes mellitus 

(medical history, designated as diet-controlled, on oral hypoglycemic agents, or on insulin), 

hypertension (medical history or blood pressure ≥140/90 mm Hg), hyperlipidemia (medical 

history), and prior aortic surgery. Additionally, preoperative statin, aspirin, and β-blocker use 

is recorded.

Operative mortality was defined as in-hospital death. Long-term survival was determined 

from the date of death in the Social Security Death Index Master File. MAEs included MI 

(based on electrocardiography and troponin elevation), dysrhythmia (requiring medication or 

cardio-version), respiratory complications (clinical pneumonia or prolonged intubation), 

worse renal function (rise in creatinine level of 0.5 mg/dL or initiation of dialysis), or bowel 

ischemia.

The Glasgow Aneurysm Score (GAS) was calculated (age + 7 points for CAD + 10 points 

for cerebrovascular disease + 14 points for renal disease + 17 points for shock) for all Sx-

AAA and R-AAA patients.17 In our database, patients were assigned GAS points based on 

the following: CAD was assigned by history, cerebrovascular disease-based on prior carotid 

endarterectomy (vs any symptomatic cerebrovascular disease in the original GAS formula), 
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renal disease was based on creatinine of >1.8 mg/dL (vs 1.7 in the original GAS formula), 

and shock was based on arrival blood pressure of <80 mm Hg.

Data collection and statistical analysis

Physicians, nurses, or clinical data abstractors entered data prospectively on >70 clinical and 

demographic variables (www.VSGNNE.org). Research analysts were blinded to patient, 

surgeon, and hospital identity. Data collection and analysis was approved by the Institutional 

Review Board of each participating hospital.

Data analysis was performed using STATA software (StataCorp, College Station, Tex). 

Kaplan-Meier and log-rank test were used to evaluate survival. Demographic and operative 

characteristics were compared by F-test in analysis of variance for parametric continuous 

variables. The rank-sum test was used for nonparametric continuous variables, and the χ2 

test was used for categoric variables. Missing values were excluded from analysis. Values of 

P <.05 were considered significant.

RESULTS

Patients and procedures

From January 2003 through March of 2009, 2386 infrarenal AAA repairs were performed in 

the 11 centers consisting of 1959 (82%) E-AAA, 156 (7%) Sx-AAAA, and 271 (11%) R-

AAA repairs. EVAR was performed for 48%, 38%, and 12% of E-AAAs, Sx-AAAs, and R-

AAAs, respectively (P <.001).

Demographic data are reported in Table I. Mean age increased significantly with the 

progression of presentation from elective to symptomatic or rupture. Symptomatic patients 

were more likely to be women than were patients with R-AAAs or E-AAAs. Acute 

presentation (symptomatic or rupture) was more likely to occur in patients with a history of 

congestive heart failure compared with E-AAA patients. Mean AAA diameter increased 

with acuity of presentation (5.8, 6.6, and 7.1 cm for E-AAA, Sx-AAA, and R-AAA, 

respectively; P <.001). Patients did not differ by smoking status, hypertension, diabetes, or 

cerebrovascular disease. Patients with Sx-AAAs and E-AAAs were more often taking 

preoperative aspirin than patients with R-AAAs. Symptomatic patients were least likely to 

be taking a preoperative β-blocker, and their statin use was intermediate between patients 

undergoing elective and rupture repairs.

Open and EVAR operative details

For open repairs, blood loss, crystalloid infusion, and transfusions were similar between E-

AAA and Sx-AAA repairs but were significantly greater for R-AAA repairs (Table II, A). 

Suprarenal clamping was more likely for R-AAA repairs (P < .001). Operative heart rate and 

extubation in the operating room were both significantly associated with acuity of surgery 

(Table II, A).

For EVAR, operative blood loss and crystalloid infusion for Sx-AAA repairs were similar to 

E-AAA repairs but were significantly greater for R-AAA repair (P < .001). Despite this, 

there was a small, but significant increase in intraoperative transfusions during Sx-AAA 
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repair. The initial heart rate on arrival in the operating room was increased based on acuity 

of surgery (P < .05), and extubation in the operating room was less likely for acute 

presentations (Table II, B).

Mortality

Hospital mortality was 1.7% for patients undergoing Sx-AAA repair and 1.3% for those 

undergoing E-AAA repair (P = 0.71), which was significantly less than the 35% rate for R-

AAA repair (P < .01). Among symptomatic patients, there was no difference in mortality 

between patients undergoing EVAR and open repair. However, patients undergoing EVAR 

for E-AAA or R-AAA repair had significantly lower mortality than patients undergoing 

open repair (Fig 1). Only two patients died after undergoing Sx-AAA repair, and both deaths 

occurred after open repair performed ≤24 hours of admission.

Morbidity

MAEs increased with acuity of AAA repair, from 20% for E-AAAs to 35% for Sx-AAAs to 

63% for R-AAA repair (P < .001 between each group). The MAE rate was significantly 

lower for EVAR than open repair for E-AAAs and R-AAAs but was not significantly 

different for Sx-AAAs (Fig 2). Sx-AAA was associated with a higher rate of MI, renal 

function decline, respiratory failure, and dysrhythmia compared with E-AAA. R-AAA was 

associated with the highest rate of individual MAEs (Table III). There was no significant 

difference in the relative proportion of different types of MAEs between E-AAA and Sx-

AAA repairs. Repair of Sx-AAA was performed ≤24 hours of admission in 75% of patients. 

Timing of repair of Sx-AAAs (>24 hours or <24 hours) was not associated with the MAE 

rate (35% vs 34%, respectively; P = .97).

GAS

The mean GAS for patients with Sx-AAAs was 80 ± 12 (79 ± 12 for those who survived; 92 

± 7 for the two patients who died). The mean GAS of patients who underwent R-AAA repair 

was 87 ± 16 (83 ± 14 among survivors; 97 ± 15 among decedents). Among all symptomatic 

and ruptured patients, 83% of deaths occurred in patients with a GAS > 85 (P < .001).

Long-term survival

Survival of patients undergoing E-AAA was 89% and 73% at 1 and 4 years. Patients 

undergoing Sx-AAA repair had intermediate survival of 83% and 68% at 1 and 4 years. R-

AAA repair had the lowest survival rates, at 49% and 35% at 1 and 4 years. This was due to 

the high initial mortality, since the subsequent mortality rate was comparable to elective 

repair. In contrast, long-term survival after Sx-AAA repair decreased more rapidly than E-

AAA repair, despite similar in-hospital mortality (Fig 3).

DISCUSSION

Patients who present with Sx-AAA present a difficult challenge in clinical practice. Decision 

making involves a choice between urgent repair in a patient who may not be optimized for 

major vascular surgery vs postponing repair with risk of interval rupture. This concern is 

borne out by the fact that Sx-AAA repair has traditionally had an operative mortality rate 
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that is intermediate between E-AAA and R-AAA repair.9,10,14 Our series represents one of 

the largest reported cohorts of Sx-AAAs and is the largest reported cohort of Sx-AAAs 

treated by EVAR. Several reports have described results of >150 patients with Sx-AAA but 

did so in the context of large series of all types of aneurysm repairs with less attention paid 

to the Sx-AAA cohort.10,13,18 Additionally, apart from one study, most reports are from a 

single center over a long period of time.18 Our report is unique in that it represents a 

contemporary evaluation of Sx-AAA using a regional multicenter database including 

academic and community hospitals.

The 7% proportion of Sx-AAA among our patients requiring AAA repair is within the range 

of previously reported cohorts (5% to 23%).3–5,10,13,14,18 Our incidence is near the low end 

of the reported spectrum, similar to the 2008 report of Nevala et al2 who reported a 6% 

frequency of Sx-AAA. It is unclear if these more contemporary cohorts have a lower 

frequency of Sx-AAAs based on increased surveillance or elective repair, or if this is related 

to other, unknown factors. One potential difference in frequency could result from 

differences in definition. Nearly all of our patients required urgent operation ≤24 hours of 

presentation, which is consistent with other reports,4,5,11 although few reports have specified 

this definition.2,3,6,7,9,10,12–15,18–20 Also, our definition of Sx-AAA could include 

inflammatory aneurysms; however, we did not track this as a separate category, so we cannot 

comment about treatment specific to inflammatory aneurysms.

Our cohort with Sx-AAAs has similar demographic characteristics as those previously 

reported, but we observed a higher prevalence of hypertension (78% vs 22% to 48%) and 

diabetes (17% vs 1.3% to 5%) among symptomatic patients.4,7,10,14 Our study confirms that 

Sx-AAAs present in older patients with larger aneurysm size compared to E-AAAs. Our 

finding that symptomatic patients were more often women, compared with patients 

undergoing E-AAA or R-AAA repair, has also been observed by Cambria et al4 and Sayers 

et al.14 However, we did not find that women more often presented with R-AAA. The reason 

for this paradox is not clear and deserves further investigation. Some reports have described 

women as having a disproportionate number of R-AAA presentations.21 Both these 

observations may be related to intervention thresholds for AAA diameter or to differences in 

expansion rates observed in women.22

Lastly, we believe we are the first to report the use of perioperative medications in this 

patient cohort. Patients undergoing Sx-AAA repair are less likely to be taking aspirin, 

statins, or β-blockers. This suggests that patients who presented with Sx-AAAs had less 

rigorous preventive care, which implies more potential for their AAAs to escape detection 

and elective repair before presenting with symptoms.

One of the most interesting findings in our study was the comparable operative in-hospital 

mortality rate for E-AAA and Sx-AAA repairs, since most series have reported higher 30-

day or in-hospital mortality rates (9.5% to 20%) for Sx-AAAs.3,4,7,9,10,13–15,18 These earlier 

reports represent almost entirely open repairs compared with only 62% open repairs in the 

present study (Table IV). Several reports of EVAR to treat Sx-AAA have shown reduced 

mortality rates compared with historical series using open repair. Nevala et al2 reported a 0% 

mortality rate in 14 patients with Sx-AAA repaired with EVAR, with only one conversion to 
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open repair. Similarly, Franks et al6 reported 11 Sx-AAA repairs with no operative mortality 

in those treated with EVAR.6

Although small in number, these series that included a substantial proportion of Sx-AAAs 

repaired by EVAR demonstrate a clear trend toward lower operative mortality, as reported in 

Table IV. Indeed, the only two deaths in our Sx-AAA repairs occurred in patients treated 

with open repair. However, with very few deaths in our study, it was not possible to 

determine if EVAR was associated with lower mortality in patients with Sx-AAA. This 

could be a result of other unaccounted for patient or surgeon variables. A larger series with 

more events would be needed to accurately assess the effect of EVAR alone on Sx-AAA 

repair. The trend for lower mortality rates after Sx-AAA repair seen in more recent series is 

also likely due to overall improvements in perioperative care of this patient population.

Other factors that may affect operative mortality include the timing of the operation. 

Cambria et al4 noted higher mortality and morbidity for patients operated on ≤4 hours of 

admission. Outcomes were similar for patients operated on in 4 to 24 hours or in 1 to 7 days 

after admission. We only categorized operative time as within or exceeding 24 hours, so we 

cannot clarify this question except to note that the MAE event rate did not differ by the 

timing of the operation. This observation may result from more thorough preoperative 

management and optimization of patients where surgery was delayed at least 4 hours. This is 

consistent with our finding that patients with Sx-AAAs had the highest rate of β-blockers 

being started preoperatively. Other factors, such as postponing off-hour major aortic surgery 

until times when there are more experienced personnel available, may affect outcome. 

Appropriate timing of urgent repair for Sx-AAA is an important question that cannot be 

answered by our database.

A novel observation in our study was that patients who undergo Sx-AAA repair have a long-

term survival rate that decreases significantly faster than patients undergoing E-AAA or R-

AAA repair after the initial operative mortality (Fig 3). The reason for this is not clear and 

contrasts with findings by others who have reported late survival of Sx-AAAs. Olsen et 

al9,10 observed higher operative mortality for Sx-AAAs but similar survival at 5 years 

compared with E-AAAs. Oranen et al19 also found that SX-AAA patients who underwent 

repair had a similar survival slope as E-AAA patients. However, Soisalon-Soininen et al9 

observed that Sx-AAA patients who underwent repair had a survival curve similar to R-

AAA patients.

The poor longer-term survival after Sx-AAA repair has been attributed to increased cardiac 

comorbidities in this patient cohort resulting in more cardiac-related deaths.9 It seems 

plausible that perioperative care has improved to avoid early mortality in patients undergoing 

Sx-AAA repair, but that these patients are more likely to die from their excess cardiac 

comorbidities after hospital discharge. It is also possible that the patients undergoing Sx-

AAA repair, who are less frequently taking aspirin, statins, and β-blockers preoperatively, 

are not started on these medications postoperatively, which may affect late survival.23 

Determining the cause of death in future studies may help to delineate this.
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When we calculated the GAS for each patient, our mean score was 79 ± 12 for Sx-AAA 

patients who survived and 92 ± 7 for those who died. This is similar to that observed by Leo 

et al,3 who reported a median GAS of 76 for survivors and 87 for those who died. Their 

receiver operating characteristic analysis concluded that a score of 85 was the best cutoff 

score to predict death. In a similar analysis, Antonello et al7 observed a median score of 75 

for survivors and 97 for those who died after Sx-AAA repair and found a score of 90 was the 

best predictor of death. When applied to our patient cohorts, a score of 85 predicted 83% of 

our Sx-AAA and R-AAA patients’ deaths.

Our estimation of GAS did not capture patients who had a TIA or stroke without carotid 

endarterectomy, and we used a more strict definition of renal insufficiency (see Methods). 

Thus, we underestimated the true GAS score; however, our estimate agrees with previous 

reports and correlated similarly with mortality. Our operative mortality rate for patients with 

Sx-AAA was too low for a meaningful comparison of this alone, but it is reasonable to 

assume that a GAS of 85 carries a significant risk for perioperative death and might be used 

as a guide for more preoperative optimization and consideration of EVAR in patients with 

Sx-AAAs.

CONCLUSION

Symptomatic AAAs represent <10% of patients who require aneurysm repair. Our 

contemporary results demonstrate that this is a unique patient population with a low 

operative mortality but high morbidity and worse long-term survival than patients 

undergoing E-AAA repair. Although we could not identify a benefit of EVAR because of 

few overall hospital deaths, we believe that its use in 38% of our patients with Sx-AAA 

might have improved their outcome.

Appendix (online only)

Participating centers of the Vascular Study Group of Northern New England

Maine

Eastern Maine Medical Center

Central Maine Medical Center

Maine Medical Center

Mercy Hospital

Massachusetts

U Mass Memorial Medical Center

New Hampshire

Catholic Medical Center

Concord Hospital

Cottage Hospital
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Dartmouth-Hitchcock Medical Center

Lakes Region Hospital

Vermont

Fletcher Allen Heath Care
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Fig 1. 
Comparison of in-hospital mortality is shown for all abdominal aortic aneurysm repairs 

stratified by urgency and endovascular or open method of repair. P value from F-test; <.05 

considered significant.
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Fig 2. 
Comparison of major adverse event rates (MAE), defined as myocardial infarction, 

dysrhythmia, worse renal function, respiratory compromise, or bowel ischemia, is shown 

stratified by urgency and endovascular or open method of repair. P value from F-test, <.05 

considered significant.
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Fig 3. 
Long-term survival is shown stratified by urgency of repair (P <.001, log-rank between each 

group; standard error <10% for all time points shown).
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