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Abstract

Objective: The objective of the study is to evaluate the characteristics and outcomes of patients with abdominal aortic aneu-
rysm (AAA) and its correlation with mortality in the first 30 days after the procedure was performed. Methods: Demographic 
information, clinical and radiological characteristics, as well as outcomes 30 days after the procedure was performed were 
assessed and compared. Continuous variables were analyzed with Student’s t-test and categorical with Chi-square and Fi-
sher’s exact test. Results: Duration of the procedure (p = 0.001), blood loss (p < 0.001), age > 75 years (p = 0.027), aneu-
rysm size > 65 mm (p = 0.01), open surgery (p = 0.001), presence of pain (p = 0.005), chronic kidney disease (p = 0.03), 
and rupture of the aneurysm (p < 0.001) were the factors significantly associated with mortality. Conclusion: It is essential 
that patient characteristics and comorbidities are assessed, as well as factors that may affect the outcomes to predict the 
prognosis in patients with AAA. At present, no mortality predictive model is universally applicable and highly variable perfor-
mance across different populations might need a model that adapts to the population of interest.
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Resumen

Objetivo: Evaluar las características y resultados de los pacientes con aneurisma de aorta abdominal y su correlación con la 
mortalidad en los primeros 30 días después de realizado el procedimiento. Métodos: Se evaluó y comparó la información 
demográfica, las características clínicas y radiológicas, así como los resultados a los 30 días de realizado el procedimiento. 
Las variables continuas se analizan con la prueba de t de Student y las categóricas con Chi-cuadrado y la prueba exacta de 
Fisher. Resultados: La duración del procedimiento (p = 0.001), pérdida de sangre (p < 0.001), edad > 75 años (p = 0.027), 
tamaño del aneurisma > 65  mm (p = 0.01), cirugía abierta (p = 0.001), presencia de dolor (p = 0.005), enfermedad renal 
crónica (p = 0.03) y rotura del aneurisma (p < 0.001) fueron los factores asociados significativamente a la mortalidad. 
Conclusión: Es fundamental evaluar las características de los pacientes y las comorbilidades, así como los factores que 
pueden afectar los resultados para predecir el pronóstico en pacientes con aneurisma de aorta abdominal. En la actualidad, 
ningún modelo predictivo de mortalidad es universalmente aplicable y la alta variabilidad de resultados entre diferentes po-
blaciones podría necesitar un modelo que se adapte a la población de interés.
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Introduction

Abdominal aortic aneurysm (AAA) describes a segmen-
tal, full-thickness dilatation of the abdominal aorta exceed-
ing the normal vessel diameter by 50%, although an 
aneurysm diameter of 3.0 cm is commonly regarded as 
the threshold1. The prevalence rates of AAA range from 
1.9% to 18.5% in males and 0% to 4.2% in females2. Fre-
quent risk factors associated with AAA are age, smoking, 
gender, chronic obstructive pulmonary disease, chronic 
kidney disease, hypertension, family history, and coronary 
artery disease3. They are usually asymptomatic unless 
complications occur. Patients at the highest risk of aortic 
rupture are those with larger diameter AAAs. Growth rates 
increase markedly with aneurysm diameter; for each 
0.5 cm increase in AAA diameter, growth rates increased 
by 0.5 mm/year and rupture rates double4,5. The estimated 
annual rupture risk according to diameter is 0%, 0-5%, 
13-15%, 10-20%, 20-40%, and 30-50% in cases with di-
ameter less than 4 cm, 4-5 cm, 5-6 cm, 6-7 cm, 7-8, and 
> 8, respectively6. This catastrophic event is associated 
with a mortality of 50–80% and even with emergency 
surgical repair, mortality is about 40% to 50%7,8; the stron-
gest predictor of in-hospital mortality has been found to 
be age9. There are currently open and endovascular tech-
niques whose objective is to isolate the aneurysm from 
the circulation, eliminating the risk of rupture. Early com-
plications after the procedure are common. They include 
endoleaks (persistent blood flow into the aneurysm sac 
after graft placement), access site complications (arterial 
rupture and dissection), atheroembolism, lower limbs isch-
emia, renal failure, and endograft migration.

Recent studies have found a significantly decrease in 
AAA rupture mortality rates, mainly due to improvements 
in public health awareness, screening, and manage-
ment10-12. In view of the high morbidity and mortality 
rates, the importance of early diagnosis and treatment to 
decrease the public health burden, this study is aimed to 
evaluate the characteristics and outcome of patients with 
AAAs and its correlation with mortality in the first 30 days 
after the procedure was performed. To the best of our 
knowledge, this is the first analysis of the characteristics 
and outcomes of AAA including Mexican population.

Materials and methods

Study design and setting

This is a retrospective, cross-sectional study con-
ducted at a national vascular surgery referral hospital 

in Mexico. All procedures performed in studies involving 
human participants were in accordance with the ethical 
standards of the institutional research committee and 
with the 1964 Helsinki Declaration and its later amend-
ments or comparable ethical standards. For this type of 
study, formal consent is not required. This retrospective 
study was approved by the institutional ethics review 
board and a waiver of consent was obtained.

Study population

From January 2016 to December 2021, patients with 
AAA presenting to the emergency department or in-
hospital vascular surgery consultation were studied. 
For this study, patients with confirmed AAA were en-
rolled using census sampling method. Patients with 
an incomplete medical profile and those discharged 
against medical advice were excluded.

Data collection

Data were collected by reviewing medical records of 
the medical center. Pre-designed checklists containing 
medical history, demographic data (age, gender), chief 
complaint, characteristics of aneurysm (location, size), 
family history, presence or absence of leakage based 
on computed tomography scan findings, and treatment 
approach, as well as outcomes (mortality) (Fig. 1).

Statistical analysis

Data analysis was done using the Statistical Pack-
age for the Social Sciences version  25.0 statistical 
software. Findings were presented as mean ± stan-
dard deviation or frequency (%) for numerical and 
categorical variables, respectively. The utilized tests 
were chi-square, independent sample t-test, and Fish-
er’s exact test. p < 0.05 was considered statistically 
significant.

Results

Characteristics of patients

During COVID-19 pandemic, the admission of pa-
tients reduced significantly, leaving 56  patients for 
analysis. Table  1 and Figure  2 show the baseline 
characteristics of studied patients. The mean age was 
71.93 ± 10.21  (22-86). 80.4% (45) were male and 
19.6% (11) were female. The most frequent chief 
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complaint was pain (51.8%), whereas abdominal pain 
being the most frequent location (37.5%), followed by 
lumbar pain (12.5%) and thoracic pain (8.9%). Limb 
ischemia presented in 7.1% and shock state only in 3.6%. 
The main duration of pain was 1.65 ± 4.33  months 
and mean aneurysmal size was 65.42  mm ± 15.26. 
Location of the aneurysm was found infrarenal in 
89.3%, juxtarenal in 5.4%, and abdomino-thoracic 
aorta in 5.4%. Synchronous aneurysm presented on 
the right common iliac artery (14.3%), left common 
iliac artery (3.6%), and both iliac arteries (10.7%).

Outcomes

Elective procedure was performed in 80.4% (45). 
Open surgery was performed in 32.1% (18). Of all 
mortality in open surgery, ruptured aneurysm repre-
sented 80% (8). Endovascular procedure was per-
formed in 67.9% (38) with a mortality of 10.5% (4). 
Ruptured aneurysms represented 19.6% (11) of cases, 
in which death was seen in 81.8% (9). 25% (14) pa-
tients did not survive 30 days after the procedure was 
performed, in which ruptured aneurysms represented 
64.3% (9). Duration of the procedure (p = 0.001), 
blood loss (p < 0.001), age > 75  years (p = 0.027), 
aneurysm size > 65  mm (p = 0.01), open surgery 
(p = 0.001), presence of pain (p = 0.005), chronic kid-
ney disease (p = 0.03), and rupture of the aneurysm 
(p < 0.001) were among the factors significantly as-
sociated with mortality (Table 2).

Discussion

In this study, we show the characteristics of patients 
with AAA, the outcomes after the procedure (open or 
endovascular), and its correlation with mortality in the 
first 30 days after the procedure was performed (Figs. 3 
and 4). According to previous data, smoking is the main 
risk factor correlated to AAA3. Other risk factors include 
age, male gender, high blood pressure, coronary artery 
disease, family history of AAA, high cholesterol, lower 
extremity peripheral arterial disease, history of a cere-
brovascular event, and obesity. Diabetes has been 
found as a negative association with AAA13. This cor-
relates with our study, in which we observed smoking 
as the most frequent associated factor, followed by 
hypertension and coronary artery disease. More recent 
studies have found a positive correlation between 
chronic obstructive pulmonary disease, chronic kidney 
disease, and greater incidence of AAA14,15.

The incidence of concomitant common iliac artery 
aneurysm has been reported from 12% to 40%, and 

Figure 1. A: CT reconstruction of the abdomen and pelvis shows a 
7.1 cm AAA. B: sagittal CT with intravascular contrast shows an AAA 
with mural thrombus on both the anterior (white arrowheads) and pos-
terior (black arrowhead) margin of the aorta.

BA Table 1. Baseline characteristics of patients

Variables Frequency, n (%)

Gender
Male
Female

45 (80.4)
11 (19.6) 

Pain location
Abdominal
Lumbar
Thoracic

21 (37.5)
7 (12.5)
5 (8.9)

Shock state 2 (3.6)

Limb ischemia 4 (7.1)

Medical history
Smoking
Hypertension
Ischemic heart disease
Diabetes mellitus
Chronic kidney disease
Dyslipidemia
Chronic obstructive pulmonary disease
Cerebrovascular accident

50 (89.3)
43 (76.8)
13 (23.2)
12 (21.4)
9 (16.1)
6 (10.3)
5 (8.9)
3 (5.4)

Iliac artery synchronous aneurysm
Right common iliac artery
Bilateral common iliac artery
Left common iliac artery 

8 (14.3)
6 (10.7)
2 (3.6)

Family history 1 (1.8)

Aneurysm location
Infrarenal
Juxtarenal
Abdomino‑thoracic

50 (89.3)
3 (5.4)
3 (5.4)
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Figure 2. Comorbidities of studied patients.
CAD: coronary artery disease; DM: type 2 diabetes mellitus; CKD: chronic kidney disease; DLP: dyslipidemia, COPD: chronic obstructive pul-
monary disease.

Table 2. Correlation between baseline characteristics, outcomes, and mortality

Variables   Survived, n (%) Died, n (%) p value OR (CI 95%)

Age > 75 13 (59.1) 9 (40.9) 0.02 4.01 (1.1‑14.3)

Aneurysm size > 65 mm 11 (55) 9 (45) 0.01 5 (1.3‑18.4)

Open surgery 8 (44.4) 10 (55.6) 0.001 10.6 (0.6‑42.7)

Female gender 7 (63.6) 4 (36.4) 0.43 0.5 (0.1‑2)

Pain 17 (21.8) 12 (41.4) 0.005 8.8 (1.7‑44)

Ruptured aneurysm 2 (18.2) 9 (81.8) < 0.001 36 (5.9‑216)

Cerebrovascular accident 1 (33.3) 2 (66.6) 0.15 6.8 (0.5‑82)

Hypertension 31 (72.1) 12 (27.9) 0.48 2.1 (0.4‑11)

Smoking 38 (76) 12 (24) 0.63 0.6 (0.1‑3)

Diabetes mellitus 12 (100) 0 (0) 0.02 0.6 (0.5‑0.8)

Chronic kidney disease 4 (44.4) 5 (55.6) 0.03 5.2 (1.1‑23)

Ischemic heart disease 11 (84.6) 2 (15.4) 0.48 0.4 (0.09‑2.4)

Chronic obstructive pulmonary disease 2 (40) 3 (60) 0.09 5.4 (0.8‑36)

Length of stay (days)
Mean ± DE 13.1 ± 6.9 10.2 ± 10.7 0.24

Duration of procedure (min)
Mean ± DE 233.9 ± 17.2 378.5 ± 173.6 0.001

Blood loss (ml)
Mean ± DE 467.6 ± 595 2971 ± 2885 < 0.001
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that right sided is more common than left sided16-18. 
We report an incidence of 28.6%, also with right sided 
(14.6%) being more frequent than left (3.6%).

Factors significantly correlated with mortality 30 days 
after the procedure was performed were the duration 
of the procedure, blood loss, age > 75  years, aneu-
rysm size > 65 mm, open surgery, presence of pain, 
chronic kidney disease, and rupture of the aneurysm 
at presentation. Several predictor models and risk fac-
tors for mortality after AAA repair in different clinical 
situations (elective or urgent; open or endovascular) 
have been described with contrasting and similar re-
sults, but the most consistent data associated with 
mortality are procedure performed, chronic obstructive 
pulmonary disease, cerebrovascular disease, renal in-
sufficiency, aneurysm size, increasing age, female 
sex, serum creatinine level, cardiac disease, previous 
aortic surgery or stent, abnormal white cell count, and 
abnormal serum sodium level. Lijftogt et al.19. con-
ducted a systematic review for mortality risk prediction 
models for AAA surgery and at present, no predictive 
model is universally applicable due to the lack of ex-
ternal validation, and they also demonstrated highly 
variable performance across different populations.

Randomized controlled trials20-22 of AAA have shown 
marked benefits of EVAR with respect to 30-day 
mortality compared to open repair. Although aneurysm 
rupture is the most significant complication, aneurysm-
related death is a relatively minor determinant of long-
term survival in all three randomized trials23, systematic 
reviews,24 and retrospective studies25,26; atherosclerotic 
cardiovascular, end-stage renal disease, and cancer-
related death represent a greater threat.

Considering that survival is influenced by these fac-
tors, this raises the issue of screening for AAA to ease 
early elective intervention at a younger age, ideally be-
fore the onset of comorbidity and therefore, higher risk 
of death. Evidence shows that screening reduces aneu-
rysm-related mortality in certain populations, with the 
strongest recommendation for men aged 65-75 years27. 
Screening patients below 65 years old are unlikely to be 
economically viable (due to a low prevalence of dis-
ease), although expanded criteria for screening have 
been recently proposed28. It is therefore imperative that 
aside from perioperative details, patient characteristics 
and comorbidities are assessed, as well as factors that 
may affect the outcome to predict the prognosis in pa-
tients with AAA. These data might prove to be of clinical 
interest and relevance for the assessment of prognostic 
variables for short and long-term survival.

This study has some limitations. First, it is retrospec-
tive and therefore prone to inherent bias with such 
studies. This was a small retrospective study with only 
56  patients, and its statistical power may  be  limited. 

Figure 4. Abdominal aortic aneurism repair with the placement of a 
dacron graft. Note the aneurysm sac surrounding the graft.

Figure 3. A: diagnostic angiography demonstrating the presence of an 
infrarenal AAA. B: computed tomography 3D volume rendering after 
EVAR showing no stent-graft migration, limb occlusion, or endoleak.

BA
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Second, the follow-up period was lost in some patients 
as to permit an investigation of the long-term clinical 
outcomes of overall survival. It is also important to note 
that several types of graft were utilized; however, this 
reflects real-world clinical practice.

Acknowledgments

The authors would like to acknowledge the vascular 
surgery team.

Funding

The authors declare that no funding was received.

Conflicts of interest

The authors declare no conflicts of interest.

Ethical disclosures

Protection of human and animal subjects. The 
authors declare that no experiments were performed 
on humans or animals for this study.

Confidentiality of data. The authors declare that 
they have followed the protocols of their work center 
on the publication of patient data.

Right to privacy and informed consent. The authors 
obtained approval from the Ethics Committee for analysis 
and publication of routinely acquired clinical data and 
informed consent was not required for this retrospective 
observational study.

References

	 1.	 Kent KC. Clinical practice. Abdominal aortic aneurysms. N Engl J Med. 
2014;371:2101-8.

	 2.	 Ullery BW, Hallett RL, Fleischmann D. Epidemiology and contemporary 
management of abdominal aortic aneurysms. Abdom Radiol (NY). 
2018;43:1032-43.

	 3.	 Altobelli E, Rapacchietta L, Profeta VF, Fagnano R. Risk factors for 
abdominal aortic aneurysm in population-based studies: a systematic 
review and meta-analysis. Int J Environ Res Public Health. 2018;15:2805.

	 4.	 Thompson SG, Brown LC, Sweeting MJ, Bown M, Kim L, Glover M, et al. 
Systematic review and meta-analysis of the growth and rupture rates of 
small abdominal aortic aneurysms: implications for surveillance intervals 
and their cost-effectiveness. Health Technol Assess. 2013;17:1-118.

	 5.	 Golledge J. Abdominal aortic aneurysm: update on pathogenesis and 
medical treatments. Nat Rev Cardiol. 2019;16:225-42.

	 6.	 Brewster DC, Cronenwett JL, Hallett JW Jr., Johnston KW, Krupski WC, 
Matsumura JS, et al. Guidelines for the treatment of abdominal aortic 
aneurysms. Report of a subcommittee of the Joint Council of the Ame-
rican Association for Vascular Surgery and Society for Vascular Surgery. 
J Vasc Surg. 2003;37:1106-17.

	 7.	 Kuivaniemi H, Ryer EJ, Elmore JR, Tromp G. Understanding the patho-
genesis of abdominal aortic aneurysms. Expert Rev Cardiovasc Ther. 
2015;13:975-87.

	 8.	 Filardo G, Powell JT, Martinez MA, Ballard DJ. Surgery for small 
asymptomatic abdominal aortic aneurysms. Cochrane Database Syst 
Rev. 2015;2015:CD001835.

	 9.	 Visser P, Akkersdijk GJ, Blankensteijn JD. In-hospital operative mortality 
of ruptured abdominal aortic aneurysm: a population-based analysis of 
5593  patients in The Netherlands over a 10-year period. Eur J Vasc 
Endovasc Surg. 2005;30:359-64.

	 10.	 Bartek MA, Kessler LG, Talbott JM, Nguyen J, Shalhub S. Washington 
State abdominal aortic aneurysm-related mortality shows a steady decli-
ne between 1996 and 2016. J Vasc Surg. 2019;70:1115-22.

	 11.	 Takagi H, Ando T, Umemoto T, ALICE (All-Literature Investigation of 
Cardiovascular Evidence) Group. Abdominal aortic aneurysm screening 
reduces all-cause mortality: make screening great again. Angiology. 
2018;69:205-11.

	 12.	 Reimerink JJ, van der Laan MJ, Koelemay MJ, Balm R, Legemate D. 
Systematic review and meta-analysis of population-based mortality from 
ruptured abdominal aortic aneurysm. Br J Surg. 2013;100:1405-13.

	 13.	 Kent KC, Zwolak RM, Egorova NN, Riles TS, Manganaro A, 
Moskowitz AJ, et al. Analysis of risk factors for abdominal aortic aneurysm 
in a cohort of more than 3 million individuals. J Vasc Surg. 2010;52:539-48.

	 14.	 Matsushita K, Kwak L, Ballew SH, Grams ME, Selvin E, Folsom AR, 
et al. Chronic kidney disease measures and the risk of abdominal aortic 
aneurysm. Atherosclerosis. 2018;279:107-13.

	 15.	 Takagi H, Umemoto T, ALICE (All-Literature Investigation of Cardiovas-
cular Evidence) Group. A  meta-analysis of the association of chronic 
obstructive pulmonary disease with abdominal aortic aneurysm presence. 
Ann Vasc Surg. 2016;34:84-94.

	 16.	 Wallinder J, Georgiou A, Wanhainen A, Björck M. Prevalence of synchro-
nous and metachronous aneurysms in women with abdominal aortic 
aneurysm. Eur J Vasc Endovasc Surg. 2018;56:435-40.

	 17.	 Armon MP, Wenham PW, Whitaker SC, Gregson RH, Hopkinson BR. 
Common iliac artery aneurysms in patients with abdominal aortic aneu-
rysms. Eur J Vasc Endovasc Surg. 1998;15:255-7.

	 18.	 Bannazadeh M, Jenkins C, Forsyth A, Kramer J, Aggarwal A, Somerset AE. 
Outcomes for concomitant common iliac artery aneurysms after endovas-
cular abdominal aortic aneurysm repair. J Vasc Surg. 2017;66:1390-7.

	 19.	 Lijftogt N, Luijnenburg TW, Vahl AC, Wilschut ED, Leijdekkers VJ, Fiocco MF, et 
al. Systematic review of mortality risk prediction models in the era of endovas-
cular abdominal aortic aneurysm surgery. Br J Surg. 2017;104:964-76.

	 20.	 Greenhalgh RM, Brown LC, Kwong GP, Powell JT, Thompson SG, EVAR Trial 
Participants. Comparison of endovascular aneurysm repair with open repair in 
patients with abdominal aortic aneurysm (EVAR trial 1), 30-day operative 
mortality results: randomised controlled trial. Lancet. 2004;364:843-8.

	 21.	 Prinssen M, Verhoeven EL, Buth J, Cuypers PW, van Sambeek MR, 
Balm R, et al. A randomized trial comparing conventional and endovas-
cular repair of abdominal aortic aneurysms. N  Engl J Med. 2004; 
351:1607-18.

	 22.	 Lederle FA, Freischlag JA, Kyriakides TC, Padberg FT Jr., Matsumura JS, 
Kohler TR, et al. Outcomes following endovascular vs open repair of 
abdominal aortic aneurysm: a randomized trial. JAMA. 2009;302:1535-42.

	 23.	 Patel R, Sweeting MJ, Powell JT, Greenhalgh RM, EVAR Trial Investi-
gators. Endovascular versus open repair of abdominal aortic aneurysm 
in 15-years’ follow-up of the UK endovascular aneurysm repair trial 1 
(EVAR trial 1): a randomised controlled trial. Lancet. 2016;388:2366-74.

	 24.	 Khashram M, Williman JA, Hider PN, Jones GT, Roake JA. Systematic 
review and meta-analysis of factors influencing survival following abdo-
minal aortic aneurysm repair. Eur J Vasc Endovasc Surg. 2016;51:203-15.

	 25.	 Healy GM, Redmond CE, Gray S, Iacob L, Sheehan S, Dowdall JF, 
et al. Midterm analysis of survival and cause of death following endovas-
cular abdominal aortic aneurysm repair. Vasc Endovascular Surg. 2017; 
51:274-81.

	 26.	 Bath MF, Gokani VJ, Sidloff DA, Jones LR, Choke E, Sayers RD, et al. 
Systematic review of cardiovascular disease and cardiovascular death 
in patients with a small abdominal aortic aneurysm. Br J Surg. 2015; 
102:866-72.

	 27.	 US Preventive Services Task Force, Owens DK, Davidson KW, Krist AH, 
Barry MJ, Cabana M, et al. Screening for abdominal aortic aneurysm: 
US preventive services task force recommendation statement. JAMA. 
2019;322:2211-8.

	 28.	 Carnevale ML, Koleilat I, Lipsitz EC, Friedmann P, Indes JE. Extended 
screening guidelines for the diagnosis of abdominal aortic aneurysm. 
J Vasc Surg. 2020;72:1917-26.


