JORNAL VASCULAR BRASILEIRO
ISSN 1677-7301 (Online)

Surgical outcomes and indications for saccular abdominal
aortic aneurysm repair: a systematic review

Resultados cirtrgicos e indicagdes para o reparo de aneurismas saculares da aorta
abdominal: revisdo sistemdtica
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Abstract

Indications for surgical repair of saccular abdominal aortic aneurysms lack satisfactory evidence, and the risk of
rupture has been questioned. We conducted a systematic review assessing surgical outcomes following repair of this
condition. Eight studies were included, totaling 540 patients. Endovascular repair was the most common approach.
Complications occurred in 18.99% of the patients, and unfavorable surgical outcomes occurred in 3.15%, of which
cardiac and pulmonary comorbidities were the most frequent. Aneurysms with smaller diameters presented fewer
complications and unfavorable surgical outcomes than those with larger diameters. The ideal threshold for repair remains
uncertain. Although diameter is an important indicator, other factors should be considered. These aneurysms should
be treated electively at earlier stages due to their uncertain rupture risk and the higher prevalence of complications at
larger diameters. Further research is needed to establish clear treatment guidelines for this condition.

Keywords: abdominal aortic aneurysm; saccular aneurysm; postoperative complications; endovascular aneurysm
repair; risk assessment.

Resumo

As indicages cirlrgicas para o reparo de aneurismas saculares da aorta abdominal ainda carecem de evidéncias
satisfatorias, e o risco de ruptura dessas lesdes tem sido questionado. Esta revisdo sistematica avaliou os resultados
cirtrgicos apds o reparo dessa condigéo. Foram incluidos oito estudos, totalizando 540 pacientes, sendo o reparo
endovascular a técnica mais utilizada. Complicagdes ocorreram em 18,99% dos casos, enquanto a taxa de desfechos
cirtrgicos desfavoraveis foi de 3,15%. As comorbidades cardiacas e pulmonares foram as mais prevalentes entre os
pacientes. Aneurismas com didmetros menores apresentaram menos complicagoes e resultados cirdirgicos desfavoraveis
em comparagdo aos de maior didmetro. O limiar ideal para a indicagéo cirdrgica ainda é incerto. Embora o diametro
seja um indicador importante, outros fatores devem ser considerados na decisdo terapéutica. Aneurismas saculares
devem ser tratados eletivamente em estagios mais precoces, devido ao risco incerto de ruptura e a maior incidéncia de
complicagdes quando operados em didmetros avangados. Novas pesquisas sdo necessarias para estabelecer diretrizes
claras para o tratamento dessa condigéo.

Palavras-chave: aneurisma da aorta abdominal; aneurisma sacular; complicagbes pds-operatorias; corre¢ao endovascular
de aneurisma; medigéo de risco.
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INTRODUCTION

Arterial aneurysms are characterized by focal
dilations with a diameter > 50% of the adjacent blood
vessel diameter.! In the aorta, the abdominal region is
the most commonly affected by true aneurysms, with
diameters > 3 cm considered to be aneurysms in most
patients.? Abdominal aortic aneurysms (AAAs) can
be classified as suprarenal, juxtarenal, pararenal, or
infrarenal, with the latter having a higher prevalence,
possibly due to its distinct embryological origin.'”

The morphology of AAAs is a critical factor in
clinical evaluation and treatment planning, since
they can be either fusiform or saccular.* Fusiform
aneurysms are characterized by uniform and symmetrical
dilation of the aortic wall, resulting in a cylindrical or
tubular configuration.* Saccular aneurysms present
with localized and asymmetrical dilation, forming
a sac-like projection.* Most AAAs are the fusiform
type, only approximately 5% are the saccular type.*

Clinical findings consistent with the condition date
back to the times of Hippocrates (460 BC-377 BC),
who described an unusual abdominal pulsation, a
finding later elaborated on by Giovanni Morgagni.’
However, the first documented description of an
AAA comes from Andreas Vesalius, the famous
Renaissance anatomist.® Various attempts at AAA repair
have been made, with the first successful abdominal
aortic ligature performed by Rudolph Matas in April
1923.6 Since then, surgical techniques for AAA repair
have evolved, with current options including both
open and endovascular surgery, the latter emerging
as an established, less invasive technique involving
significantly improved efficacy and safety indicators
compared to traditional open surgical approaches.’

Risk factors for AAAs have been reported since
1958 and are now well elucidated.® Important risk
factors include smoking, advanced age, male sex, poor
diet, sedentary lifestyle, dyslipidemia, hypertension,
and genetic predisposition.”!! The pathophysiology
of AAA is associated with inflammatory processes
predominantly involving the Th2 system, leading to
apoptosis of smooth muscle cells in the vascular wall
and degradation of the extracellular matrix.'>!* These
events culminate in tissue remodeling and weakening
of the arterial wall."® Atherosclerosis may also
influence this process, since atherosclerotic plaques
can cause the release of metalloproteinases through
shear stress.'? Moreover, the expansion of the intima
layer as a result of atherosclerosis, causing hypoxia
and cell death, can lead to focal thinning of the artery,
further explaining saccular AAA (SaAAA)."2

Primary indications for surgical repair of AAA
include large fusiform aneurysms or those with rapid
growth, the presence of complications and/or symptoms,
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and saccular aneurysms.'*!* These considerations
are based on the main complication associated with
aneurysms, namely rupture.'¢ The most validated
predictive factor for this complication is the baseline
diameter of the aneurysm.'® Factors such as female
sex, rapid growth, smoking, hypertension, and cardiac,
renal, and pulmonary comorbidities also increase
the risk of rupture.'®!'® Furthermore, surgery-related
complications, as well as mortality, play a crucial
role in indicating AA A surgery.!* Complications such
as bleeding, infections, and, in endovascular repair,
endoleaks and endograft occlusions, can increase the
morbidity and mortality associated with surgery."
Additionally, direct operative mortality and long-term
mortality can be determining factors in assessing the
risks and benefits of surgical repair."

However, indications for the surgical repair of
SaAAA are unclear and lack satisfactory evidence,
especially regarding the diameter at which surgical
intervention should be performed.'*!'® SaAAAs
are often indicated for surgical repair regardless
of their size, based on the justification that they
become symptomatic and are more prone to rupture
at smaller diameters than the fusiform type due to
greater wall stress.'®?%?! However, studies have
raised doubts about their propensity to rupture,
suggesting that saccular form alone does not
necessarily increase this risk.?>%

The optimal management strategy for SaAAAs
thus remains the subject of ongoing investigation
and debate.'*'¢ It is fundamental to weigh the risk
of complications and mortality in this pathology to
determine the ideal timing of surgical repair, considering
both the risk of aneurysm rupture if left untreated and
the risk of surgery-related complications."

For these reasons, the present review investigated
outcomes related to elective surgical repairs specifically
of SaAAAs, primarily to define an acceptable threshold
for repair, as well as to fill in evidence gaps on this
topic.

METHODS

This systematic review on the surgical treatment
of SaAAAs was conducted in accordance with the
Cochrane Collaboration® and the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis
guidelines.” A predefined protocol was established
and prospectively registered in the Prospective
Register of Systematic Reviews (registration number
CRD42024513613).

Database and search strategy

The Embase, PubMed (MEDLINE), and Cochrane
Library electronic databases were searched. Keywords
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were combined with the Boolean operators AND and
OR as follows: “endovascular aneurysmal repair”
OR “open aneurysmal repair” OR “open surgery”
AND “abdominal aorta” OR “aortic aneurysm” OR
“aortic rupture” OR “abdominal aortic aneurysm”
AND “saccular”. The references of included articles
were also searched.

Search strategy and data collection

The inclusion criteria were: (1) randomized
clinical trials or cohort studies; (2) studies involving
endovascular repair of SaAAAs; (3) studies involving
open surgery for repair of SaAAAs; and (4) studies
reporting clinical outcomes of interest. The exclusion
criteria were: (1) studies with overlapping surgical
indications; (2) studies with surgical indications
unrelated to saccular morphology; (3) studies that
reported repair outcomes exclusively in ruptured
aneurysms; and (4) studies that did not meet the
intervention and population criteria of interest.
Studies with overlapping surgical indications were
excluded to prevent variability in the results and
ensure the clinical relevance of findings specific to
SaAAAs. The primary outcome was perioperative
and postoperative complications. Secondary outcomes
were: (1) mean maximum diameter of the aneurysm;
(2) unfavorable surgical outcome; (3) surgery time;
(4) hospital stay; (5) follow-up time; and (6) aorta-
related deaths.

Two authors (JAS and JEHL) independently selected
the studies. The data were then extracted and recorded
by the same authors, which were then reviewed by
a third investigator (VLB). The variables of interest
included patient and procedure characteristics and
follow-up data. A meta-analysis was not planned due
to the expected lack of randomized clinical trials.'

Quality assessment and risk of bias

We used the Cochrane Collaboration’s ROBINS-I
tool?® to assess the risk of bias in observational
studies and individual study quality. Conflicts were
resolved through discussion and the involvement of
a fourth author.

Statistical analysis and data synthesis

The characteristics and outcome data of the included
studies were collected, grouped, and compared.
Continuous variables are presented as mean (SD).
Categorical variables are presented as number (%).
Fisher’s exact test was performed in RStudio 2023.03.0.
P-values <0.05 indicated statistical significance. The
odds ratio was calculated from the combined data
of the studies included in the analysis, presenting
a 95% CL
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RESULTS

Research results and description of the selected
studies

The initial search resulted in 5,218 studies. After
removing duplicates and unrelated publications, 231
studies, which were reviewed regarding the inclusion
criteria. Of these, 8 underwent qualitative and
quantitative analysis (Figure 1). Table 1 summarizes
the risk of bias assessment using the ROBINS-I tool.
While individual domains varied between studies —
ranging from low to critical in specific categories — the
overall risk of bias for all studies was consistently
rated as moderate. Further details of domain-specific
assessments are provided in Table 1.

General characteristics of the selected studies

A summary of the selected studies is shown in
Table 2. Given the variation in the number of patients
in each study, the data are presented in both absolute
numbers and percentages to prevent misinterpretation
of extreme results. The total sample size was 540
patients who underwent surgical repair of SaAAAA. The
pooled mean age was 74.05 (SD, 7.83) years. Patient
sex was reported for 522 patients in 5 studies, of whom
432 were men (82.76%). Only one® included study
reported patients undergoing open surgery (12.78%);
the patients in the others underwent endovascular
repair (87.22%). The pooled maximum mean diameter
was 49.07 (SD, 11.22) mm. One study* included both
saccular and fusiform aneurysms, with the mean age
and diameter values being representative of the total
population; however, the reported outcomes were
exclusively for the 3 cases of saccular aneurysms. The
mean hospitalization time and follow-up time varied
significantly. The mean hospitalization time ranged
from 1.6 days to 13 days, while the mean follow-up
time ranged from 1 month to 41.25 months.

Surgical outcomes

Four studies?”**? calculated the mean (SD) surgery
time, which ranged from 98.7 to 176 minutes. Two
studies®** did not report the mean surgery time.
D’oria et al.’! only indicated that all surgeries were
performed in <70 minutes, while Blum et al.* reported
a range of 35 to 150 minutes.

Only two studies?*® reported unfavorable surgical
outcomes, totaling 17 cases (3.15%). Engelberger et al.*°
reported a single reintervention, and Karthaus et al. >
reported 15 reinterventions and 1 conversion to open
surgery.

Complications were mentioned in 7 studies, "
with 5 reporting their occurrence (Table 3).20-28-3032 A
total of 102 complications were reported (18.99%) in
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Identification of studies via databases and registers

Screening

Records identified from
Databases:

Cochrane Library {n = 2,428)
PubMed (n = 1,002)
EMBASE {n = 1,788)

Y

Records screened
(n=4181)

Y

Repaorts sought for retrieval

(n=231)

Reports assessad for eligibility
(n=231)

Studies includad in review
(n=18)

Records removed before
ECreening.
Duplicate records removed
(n=1,037)

Records excluded
(n=3850)

Reports not retrieved
(n=0}

Reports excluded:
Fusiform Aneurysms (n =
215)
QOutcomes of interest were
not reported (n = 5)
Outcomes were not reported
(n=1)
Editorial (n = 1)
Duplicate (n=1)

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analysis flow diagram of study screening and selection.

Table 1. Risk of bias assessment across domains and overall ratings using ROBINS-I.
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Table 2. Characteristics and outcomes of included studies.
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1 month after surgery. N.S.: not specified.

Table 3. Recorded perioperative and postoperative complications.

Lomazzi et al.”
York et al.® (n=5)

Engelberger et al.*® Mizoguchi et al.* Karthaus et al.?®

(n=120) (n=9) (n=6) (n=388)
Complications
Endoleak 1(20%) - 2 (22.22%) - -
Endograft occlusion 4(3.33%) - 2(33.33%) -
Blood transfusion - 11(9.17%) - - -
Endograft infection - 1(0.83%) - - -
Groin hematoma - 1(0.83%) - - -
Acute renal failure - 2 (1.67%) - - -
Urinary tract - 2 (1.67%) - - -
infection
Unspecified - - - - 65 (16.75%)

Data are presented as number (percentage).

this review. Of these, 65 were classified as unspecified
in the original study.?® Eleven patients required blood
transfusions. Twelve endograft occlusions and 7
endoleaks were reported. The following were also
reported: 2 cases of acute renal failure, 2 urinary tract
infections, 1 endograft infection, 1 resuscitation, and
1 groin hematoma. No procedure-related deaths were
reported. We did not consider the deaths reported in 1
study because we were unable to distinguish between
those related and unrelated to aortic pathology.® Of
the 120 patients reported by Lomazzi et al.,* 10
presented with ruptured aneurysms upon admission.
The complications mentioned in the study were not
distinguished according to ruptured and non-ruptured
aneurysms. However, we chose to include them,
considering that the majority of patients (91.67%) did
not have a rupture. Therefore, it is possible that the
complications reported in this study are overestimated.
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When the studies were categorized based on
the mean maximum diameter, (< or > 45 mm), 24
complications (17.1%) occurred in the group with
the smaller diameter and 78 complications (19.6%)
occurred in the group with the larger diameter. Regarding
unfavorable surgical outcomes, only 1 case (0.7%)
was observed in the smaller diameter group, while
16 cases (4%) occurred in the larger diameter group
(Table 4). The smaller diameter group had a lower
incidence of complications and unfavorable surgical
outcomes than the larger diameter group (Figure 2).

We also divided the maximum mean diameters into
groups of <and > 40 mm. In the <40 mm group, 22
complications (16.79%) occurred, while in the > 40
mm group, 80 complications (19.70%) occurred. No
unfavorable surgical outcomes were observed in the
smaller diameter group, whereas 17 (4.16%) occurred
in larger diameter group (Figure 3).

5/10



Outcomes and indications for SaAAA repair

Table 4. Comparison of surgical outcomes based on Aneurysm Diameter Categories.

Mean maximum diame-

Mean maximum

ter <45 mm diameter 245 mm Odds Ratio (95% C) p-value
Complications 11 Blood transfusions 65 Unspecified compli- 1.18 (0.71 - 1.96) 0.62
cations
4 Endograft occlusions 8 Endograft occlusion
3 Endoleaks 4 Endoleaks
2 Acute renal failures 1 resuscitation
2 Urinary tract infections (n=397)
1 Groin hematoma
1 Endograft infection
(n = 140)
Unfavorable Surgical 1 Reintervention 15 Reinterventions 5.78 (0.76 — 44.08) 0.09
Outcomes (n = 140) 1 Conversion to open
surgery
(n = 400)

The statistical analysis was made using Fisher's exact test in RStudio 2023.03.0.

Surgical Outcomes Pooled by Mean Maximum
Diameter

25.00%

19.60%

20.00%

17.10%

15.00%

10.00%

4%

5.00%

0.70%

0.00%

Mean maximum diameter <45 mm Mean maximum diameter 245 mm

m Total Complications Total Unfavorable Surgical Outcomes

Figure 2. Surgical outcomes pooled by mean maximum diameter.

Surgical Outcomes Based on a Cutoff Diameter
of 40 mm

25.00%

19.70%

20.00%

16.79%

15.00%

10.00%

4.16%

5.00%

0.00%

0.00%

Mean maximum diameter <40 mm Mean maximum diameter 240 mm

B Total Complications Total Unfavorable Surgical Outcomes

Figure 3. Surgical outcomes based on a cutoff diameter of 40 mm.
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Discussion of unfavorable outcomes is based on
data from 2 studies,?®* since these were the only
ones to report such outcomes. The other studies in
our analysis did not report unfavorable outcomes
(Table 2).

Associated comorbidities

Four studies??”* addressed comorbidities associated
with SaAAAs, totaling 519 patients, as shown in
Table 5. All studies identified cardiac comorbidities,
especially hypertension, coronary artery disease, and
atrial fibrillation. Hypertension, specifically, was the
most commonly reported, occurring in 110 patients
(21.19%). Karthaus et al.? did not describe cardiac
comorbidities in their patients.

Additionally, pulmonary comorbidities were
frequently observed, occurring in 154 patients (29.67%),
including 38 (7.32%) specifically diagnosed with
chronic obstructive pulmonary disease. Other types
were not specifically mentioned. Dyslipidemia and
obesity were reported in 2 studies,*”?* corresponding
to 58 (11.17%) and 12 (2.31%) patients, respectively.

Furthermore, renal dysfunction prior to the repair
was reported in all studies except Karthaus et al.,?
totaling 23 patients (4.43%). Diabetes was identified
in 2 studies, totaling only 8 patients (1.54%). Finally,
a study?® reported 1 patient (0.19%) with peripheral
arterial disease as a comorbidity associated with
SaAAA.

DISCUSSION

Cardiac and pulmonary comorbidities were the most
commonly reported types in this review, suggesting
that they are risk factors for the condition. No study
reported deaths related to aortic pathologies during
follow-up. Moreover, when grouped by mean diameter,

Outcomes and indications for SAAAA repair

complications and unfavorable surgical outcomes
were more prevalent when larger-diameter SaAAAs
were surgically repaired.

The comorbidities identified in the selected studies,
along with advanced age and male sex, are in line
with the risk factors traditionally associated with
AAA.0143435 The high prevalence of hypertension,
coronary artery disease, dyslipidemia, and obesity among
the patients reinforces the role of these comorbidities
as etiological factors in the development of both
fusiform and SaAAA 3% Additionally, according to
the European Society for Vascular Surgery, coronary
artery disease has emerged as the leading cause of
mortality in patients undergoing AAA repair.* Renal
disease, diabetes mellitus, and chronic obstructive
pulmonary disease also appear to be associated with
increased mortality rates after surgical intervention.**

Chronic obstructive pulmonary disease seems to
be correlated with high rates of aneurysm growth
and increased risk of rupture at smaller diameters.*
Although diabetes mellitus was cited as an associated
comorbidity in 2 studies, it has been classified as a
negative risk factor for AAA.' Furthermore, peripheral
arterial disease seems to have a low prevalence in
individuals with a genetic predisposition to aortic
aneurysms,”’ being the least reported comorbidity
in this review.

A total of 87.22% of the patients in this study
underwent endovascular repair. In studies addressing
this technique alone, only 0.67% of the patients had
unfavorable surgical outcomes, highlighting the
effectiveness of endovascular repair for StAAA. This
type of repair has undergone significant development
since its introduction, with recent results showing
technical improvements and favorable mortality
indicators.*® It was also noted that no aorta-related

Table 5. Patients with comorbidities associated with saccular abdominal aortic aneurysms.

Jones et al.”’ York et al.?® Lomazzi et al.” Karthaus et al.”
(n=6) (n=5) (n=120) (n =388)
Comorbidities, n (%)
Hypertension 4 (66.67%) 3 (60%) 3 (2.5%)
Renal dysfunction 1(16.67%) 1(20%) 21(17.5%)
Dyslipidemia 3 (50%) 55 (45.83%)
Obesity 1(16.67%) 11 (9.17%)
Coronary artery disease 2 (40%) 54 (45%)
COPD 3 (60%) 35 (29.17%)
Diabetes - 1(20%) 7 (5.83%)
Peripheral artery disease 1(16.67%)
Atrial fibrillation 18 (15%)

Unspecified cardiac comorbidity

Unspecified pulmonary comorbidity

238 (61.34%)
116 (29.90%)

Data are presented as number (percentage). COPD: chronic obstructive pulmonary disease.
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deaths were recorded, suggesting a positive prognosis
for patients undergoing endovascular repair. However,
despite these favorable results, it is worth noting that
the endovascular technique is not free from risks and
complications.* Additionally, the absence of mortality
recorded in this review, both in the perioperative
period and during follow-up, does not represent the
real risk of mortality from this procedure. This result
may have been due to the limited follow-up period
and small population sample in some studies,?**7-28:30-33

Karthaus et al.,?® a large cohort study, proposed
45 mm as an acceptable threshold for surgical
SaAAA repair. Ozawa et al.* found comparable
sensitivity between a threshold of 55 mm for fusiform
aneurysms - accepted as a threshold for surgical repair
of fusiform AAA in men' - and 43 mm for SaAAA
when examining the risk of rupture between AAA
morphologies. Based on this, we chose to group
unfavorable surgical outcomes and complications
into diameters < or > 45. In this context, studies in
which the SaAAAs had a smaller mean diameter
(<45 mm) showed superior surgical outcomes and
fewer complications than those with a larger mean
diameter (>45 mm), even though Lomazzi et al.’
may have overestimated complications in the smaller
diameter group (Figure 2). The odds ratio analyses
(95% CI) revealed values of 1.18 (0.71 — 1.96) with
p =0.62 and 5.78 (0.76 — 44.08) with p = 0.09 for
the 2 variables (Table 4). While these findings lack
statistical significance, they still contribute to a broader
understanding of the context.

By further reducing the cutoff value of the mean
maximum diameter from 45 mm to 40 mm, we observed
that the pattern of unfavorable surgical outcomes and
complications remained consistent with the previously
observed results. The group with a smaller mean
maximum diameter had fewer unfavorable surgical

Outcomes and indications for SAAAA repair

outcomes and complications (Figure 3). At this threshold
diameter, the disparity in unfavorable surgical outcomes
between two groups became statistically significant (p
=0.01), with OR = 11.73 (0.70 — 196.34), indicating
that SaAAA repairs conducted at early stages had
better surgical outcomes (Table 6).

Although our pooled analysis of complications and
unfavorable outcomes included both endovascular and
open surgical repairs, only a single study,? in which
the mean maximum diameter was > 45 mm, reported
results for both methods. All other studies in this review
exclusively analyzed outcomes from endovascular
repairs. However, this study did not specify whether the
complications and unfavorable outcomes occurred in
aneurysms treated with endovascular or open surgery.
This methodological limitation prevented analysis
of complications between these repair techniques.
However, this study focused on analyzing the incidence
of adverse events based on the mean diameter, aiming
to determine the threshold at which outcomes would
improve, regardless of the repair type.

Nevertheless, there is still no consensus on an
acceptable diameter size for indicating surgical
intervention. Thus, neither 45 mm nor 40 mm should
be deemed definitive cut off points for deciding
about SaAAA surgery. Instead, they should be used
as a reference for favorable surgical outcomes, as
in our results.

During the article selection process, 2 articles?%
that performed radiological observation of SaAAA
were found. Shang et al.? reported a mean growth rate
of 2.6 (SD, 3.2) mm/year for these aneurysms, while
Bennett et al.* reported 0.87 mm/year. This disparity
in the growth rates of SaA A A suggests variation in the
progression of this condition, highlighting its complex
nature and management. Thus, the natural history and
risk of rupture of SaAAA remain uncertain.?

Table 6. Unfavorable surgical outcomes and complications based on a cutoff diameter of 40 mm.

Mean maximum diameter <40 mm Mean maximum diameter 240 mm  Odds Ratio (95% Cl)

p-value

Complications 11 Blood transfusions
4 Endograft occlusions
1 Endoleak
2 Acute renal failures
2 Urinary tract infections
1 Groin hematoma
1 Endograft infection
(n=131)
0 Unfavorable Surgical Outcomes
(n=131)

Unfavorable Surgical
Outcomes

65 Unspecified complications

1.22 (0.72 - 2.04) 0.52

8 Endograft occlusions

6 Endoleaks
1 Resuscitation
(n = 406)

16 Reinterventions 11.73 (0.70 - 196.34) 0.01

1 Conversion to open surgery

(n =409)

The statistical analysis was made using the Fisher’s Exact Test, with the assistance of RStudio version 2023.03.0. The Haldane-Anscombe correction was used for data

related to unfavorable surgical outcomes.

Schiewe et al. ] Vasc Bras. 2025620240164 https://doi.org/10.1590/1677-5449.202401642 8/10



This systematic review aimed to integrate and
synthesize evidence on surgical interventions used
to manage SaAAA. Our results highlight the lack
of robust evidence on the surgical management of
SaAAA, as evidenced by the disparity in sample sizes
and significant variation in follow-up time among
the included studies. This demonstrates a need for
clinical trials evaluating SaAAA.

CONCLUSIONS

Endovascular repair is the most frequent treatment
option for SaAAA. Although in this review we analyzed
the maximum diameter of the aneurysms — as it is the
most validated parameter for the risk of rupture — the
therapeutic approach should take into consideration
other relevant characteristics, such as the growth
rate. Additionally, individual factors, such as life
expectancy and associated comorbidities, should be
considered when deciding on surgical intervention.

Complications and unfavorable outcomes
associated with the surgical repair of SaAAA at
smaller diameters (< 40 or 45 mm) appear to be less
frequent than in larger diameters (> 40 or 45 mm),
highlighting a significant difference in unfavorable
surgical outcomes when operating on mean maximum
diameters < 40 mm. Furthermore, the rupture risk
of these aneurysms remains uncertain. Therefore,
we endorse the current notion that SaAAA should
be treated electively at earlier stages to prevent the
aneurysm from reaching a specific critical diameter,
thereby reducing the risk of rupture and the potential
for complications, as evidenced in this study. Based
on such uncertainties, we will maintain this position
until new studies elucidate the limits and parameters
necessary to determine the right time for surgical
intervention.

Due to the lack of solid evidence about how to
approach SaAAAs, there is a lack of clear guidelines
regarding their treatment. Additional research is
needed to determine the risks, benefits, and precise
indications for SaAAA interventions.

REFERENCES

1. Johnston KW, Rutherford RB, Tilson MD, Shah DM, Hollier L, Stanley
JC.Suggested standards for reporting on arterial aneurysms. ] Vasc
Surg. 1991;13(3):452-8. http://doi.org/10.1067/mva.1991.26737.
PMid:1999868.

2. Wanhainen A. How to Define an Abdominal Aortic
Aneurysm — Influence on Epidemiology and Clinical Practice.
Scand J Surg. 2008;97(2):105-9, discussion 109. http://doi.
org/10.1177/145749690809700204. PMid:18575024.

3. Tilson M, Toset A, Tyrie L. Chicken embryology of human
aneurysm_resistant arteries. Matrix Biol. 2006;25:557. http://doi.
org/10.1016/j.matbio.2006.08.158.

Schiewe et al. ] Vasc Bras. 2025620240164 https://doi.org/10.1590/1677-5449.202401642

14.

16.

Outcomes and indications for SAAAA repair

Kristmundsson T, Dias N, Resch T, Sonesson B. Morphology of
Small Abdominal Aortic Aneurysms Should be Considered before
Continued Ultrasound Surveillance. Ann Vasc Surg. 2016;31:18-22.
http://doi.org/10.1016/j.avsg.2015.09.016. PMid:26631772.

Osler W. Aneurysm of the abdominal aorta. Lancet. 1905;166(4285):1089-
96. http://doi.org/10.1016/50140-6736(01)69613-2.

Thompson JE. Early history of aortic surgery. ] Vasc Surg.
1998;28(4):746-52. http://doi.org/10.1016/50741-5214(98)70107-7.
PMid:9786277.

Antoniou GA, Antoniou SA, Torella F. Editor’s Choice — Endovascular
vs. Open Repair for Abdominal Aortic Aneurysm: Systematic
Review and Meta-analysis of Updated Peri-operative and Long
Term Data of Randomised Controlled Trials. Eur ] Vasc Endovasc
Surg. 2020;59(3):385-97. http://doi.org/10.1016/j.¢jvs.2019.11.030.
PMid:31899100.

Hammond EC, Horn D. Smoking and death rates—report
on forty-four months of follow-up of 187,783 men. ] Am
Med Assoc. 1958;166(11):1294-308. http://doi.org/10.1001/
jama.1958.02990110030007. PMid:12308037.

Ashton HA, Gao L, Kim LG, Druce PS, Thompson SG, Scott
RAP. Fifteen-year follow-up of a randomized clinical trial of
ultrasonographic screening for abdominal aortic aneurysms.
Br J Surg. 2007;94(6):696-701. http://doi.org/10.1002/bjs.5780.
PMid:17514666.

. Kent KC, Zwolak RM, Egorova NN, et al. Analysis of risk factors for

abdominal aortic aneurysm in a cohort of more than 3 million
individuals. ] Vasc Surg. 2010;52(3):539-48. http://doi.org/10.1016/j.
jv5.2010.05.090. PMid:20630687.

. Blanchard JF, Armenian HK, Friesen PP. Risk Factors for Abdominal

Aortic Aneurysm: Results of a Case-Control Study. Am | Epidemiol.
2000;151(6):575-83. http://doi.org/10.1093/oxfordjournals.aje.
a010245. PMid:10733039.

. Golledge J. Abdominal aortic aneurysm: update on pathogenesis

and medical treatments. Nat Rev Cardiol. 2019;16(4):225-42.
http://doi.org/10.1038/541569-018-0114-9. PMid:30443031.

. Schénbeck U, Sukhova GK, Gerdes N, Libby P. TH2 predominant

immune responses prevail in human abdominal aortic aneurysm.
Am ] Pathol. 2002;161(2):499-506. http://doi.org/10.1016/S0002-
9440(10)64206-X. PMid:12163375.

Mulatti GC, Joviliano EE, Pereira AH, et al. Brazilian Society
for Angiology and Vascular Surgery guidelines on abdominal
aortic aneurysm. J Vasc Bras. 2023;22:e20230040. http://doi.
org/10.1590/1677-5449.202300402.

. Renapurkar RD, Setser RM, O’Donnell TP, et al. Aortic volume

as an indicator of disease progression in patients with untreated
infrarenal abdominal aneurysm. Eur ) Radiol. 2012;81(2):e87-93.
http://doi.org/10.1016/j.ejrad.2011.01.077. PMid:21316893.

Chaikof EL, Dalman RL, Eskandari MK, et al. The Society for
Vascular Surgery practice guidelines on the care of patients with
an abdominal aortic aneurysm. ) Vasc Surg. 2018;67(1):2-77.2.
http://doi.org/10.1016/jjvs.2017.10.044. PMid:29268916.

. Bhak RH, Wininger M, Johnson GR, et al. Factors Associated With

Small Abdominal Aortic Aneurysm Expansion Rate. JAMA Surg.
2015;150(1):44-50. http://doi.org/10.1001/jamasurg.2014.2025.
PMid:25389641.

. Brown LC, Powell | T. Risk Factors for Aneurysm Rupture in Patients

Kept Under Ultrasound Surveillance. Ann Surg. 1999;230(3):289-96,
discussion 296-7. http://doi.org/10.1097/00000658-199909000-
00002. PMid:10493476.

. Hirsch AT, Haskal Z), Hertzer NR, et al. ACC/AHA 2005 Practice

Guidelines for the Management of Patients With Peripheral Arterial
Disease (Lower Extremity, Renal, Mesenteric, and Abdominal

9/10


https://doi.org/10.1067/mva.1991.26737
https://pubmed.ncbi.nlm.nih.gov/1999868
https://pubmed.ncbi.nlm.nih.gov/1999868
https://doi.org/10.1177/145749690809700204
https://doi.org/10.1177/145749690809700204
https://pubmed.ncbi.nlm.nih.gov/18575024
https://doi.org/10.1016/j.matbio.2006.08.158
https://doi.org/10.1016/j.matbio.2006.08.158
https://doi.org/10.1016/j.avsg.2015.09.016
https://pubmed.ncbi.nlm.nih.gov/26631772
https://doi.org/10.1016/S0140-6736(01)69613-2
https://doi.org/10.1016/S0741-5214(98)70107-7
https://pubmed.ncbi.nlm.nih.gov/9786277
https://pubmed.ncbi.nlm.nih.gov/9786277
https://doi.org/10.1016/j.ejvs.2019.11.030
https://pubmed.ncbi.nlm.nih.gov/31899100
https://pubmed.ncbi.nlm.nih.gov/31899100
https://doi.org/10.1001/jama.1958.02990110030007
https://doi.org/10.1001/jama.1958.02990110030007
https://pubmed.ncbi.nlm.nih.gov/12308037
https://doi.org/10.1002/bjs.5780
https://pubmed.ncbi.nlm.nih.gov/17514666
https://pubmed.ncbi.nlm.nih.gov/17514666
https://doi.org/10.1016/j.jvs.2010.05.090
https://doi.org/10.1016/j.jvs.2010.05.090
https://pubmed.ncbi.nlm.nih.gov/20630687
https://doi.org/10.1093/oxfordjournals.aje.a010245
https://doi.org/10.1093/oxfordjournals.aje.a010245
https://pubmed.ncbi.nlm.nih.gov/10733039
https://doi.org/10.1038/s41569-018-0114-9
https://pubmed.ncbi.nlm.nih.gov/30443031
https://doi.org/10.1016/S0002-9440(10)64206-X
https://doi.org/10.1016/S0002-9440(10)64206-X
https://pubmed.ncbi.nlm.nih.gov/12163375
https://doi.org/10.1016/j.ejrad.2011.01.077
https://pubmed.ncbi.nlm.nih.gov/21316893
https://doi.org/10.1016/j.jvs.2017.10.044
https://pubmed.ncbi.nlm.nih.gov/29268916
https://doi.org/10.1001/jamasurg.2014.2025
https://pubmed.ncbi.nlm.nih.gov/25389641
https://pubmed.ncbi.nlm.nih.gov/25389641
https://doi.org/10.1097/00000658-199909000-00002
https://doi.org/10.1097/00000658-199909000-00002
https://pubmed.ncbi.nlm.nih.gov/10493476

20.

2

—_

22.

23.

24.

25.

26.

27.

28.

29.

30.

3

o

32.

33.

Schiewe et al. ] Vasc Bras. 2025620240164 https://doi.org/10.1590/1677-5449.202401642

Aortic). Circulation. 2006;113(11):e463-654. http://doi.org/10.1161/
CIRCULATIONAHA.106.174526. PMid:16549646.

Karthaus EG, Tong TML, Vahl A, Hamming JF, Dutch Society of
Vascular Surgery, the Steering Committee of the Dutch Surgical
Aneurysm Audit and the Dutch Institute for Clinical Auditing.
Saccular Abdominal Aortic Aneurysms. Ann Surg. 2019;270(5):852-8.
http://doi.org/10.1097/SLA.0000000000003529. PMid:31498185.

. Nathan DP, Xu C, Pouch AM, et al. Increased wall stress of saccular

versus fusiform aneurysms of the descending thoracic aorta.
Ann Vasc Surg. 2011;25(8):1129-37. http://doi.org/10.1016/j.
avsg.2011.07.008. PMid:22023944.

Shang EK, Nathan DP, Boonn WW, et al. A modern experience with
saccular aortic aneurysms. ) Vasc Surg. 2013;57(1):84-8. http://doi.
org/10.1016/j.jvs.2012.07.002. PMid:23127980.

Bennett B, Gunn B, Jepson L, Smith R, Logan M. Primary saccular
abdominal aortic aneurysms: natural history and contemporary
management. J Vasc Surg. 2022;75(6):e124-5. http://doi.org/10.1016/j.
jvs5.2022.03.171.

Higgins ), Thomas ), Chandler ), et al, editors. Cochrane Handbook
for Systematic Reviews of Interventions. 2nd ed. Chichester (UK):
John Wiley & Sons; 2019. http://doi.org/10.1002/9781119536604.

Page M), McKenzie JE, Bossuyt PM, et al. The PRISMA 2020
statement: an updated guideline for reporting systematic
reviews. BMJ.2021;372(71):n71. http://doi.org/10.1136/bmj.n71.
PMid:33782057.

SterneJA, Hernan MA, Reeves BC, et al. ROBINS-I: a tool for assessing
risk of bias in non-randomised studies of interventions. BMJ.
2016;355:14919. http://doi.org/10.1136/bm;.i4919. PMid:27733354.

Jones DW, Meltzer A, Graham AR, Connolly PH, Bush HL, Schneider
DB. Endovascular Repair of Infrarenal Focal Aortic Pathology with
Limited Aortic Coverage. Ann Vasc Surg. 2014;28(5):1316.e15-22.
http://doi.org/10.1016/j.avsg.2013.11.007. PMid:24365079.

York JW, Sternbergh WC 3rd, Lepore MR, Yoselevitz M, Money
SR. Endovascular Exclusion of Saccular AAAs Using “Stacked”
AneuRx Aortic Cuffs. ] Endovasc Ther. 2002;9(3):295-8. http://
doi.org/10.1177/152660280200900307. PMid:12096943.

Lomazzi C, Piffaretti G, D'Oria M, et al. Early and midterm results
after endovascular repair of non-infected saccular lesions of the
infrarenal aorta. Eur J Vasc Endovasc Surg. 2022;63(6):808-16.
http://doi.org/10.1016/j.ejvs.2022.03.004. PMid:35654637.

Engelberger S, Prouse G, Riva F, van den Berg JC, Giovannacci
L. Outcome of tubular aortoaortic endografts in infrarenal
aneurysmal disease and penetrating abdominal aortic ulcers—a
long-term follow-up. Ann Vasc Surg. 2020;62:206-12. http://doi.
org/10.1016/j.avsg.2019.06.032. PMid:31449938.

. D'Oria M, Pipitone M, Riccitelli F, et al. Custom-made unibody

conical endografts for elective endovascular repair of saccular
infrarenal abdominal aortic aneurysms with narrow aortic
bifurcations—novel implementation of the aortoaortic concept.
Ann Vasc Surg. 2019;59:309.e5-10. http://doi.org/10.1016/j.
avsg.2018.12.102. PMid:30802571.

Mizoguchi T, Morikage N, Takeuchi Y, et al. Treatment results of
endovascular aneurysm repair using the parallel stent-graft Double
D technique for distal saccular abdominal aortic aneurysms and
common iliac aneurysms. Ann Vasc Surg. 2021;71:392-401. http://
doi.org/10.1016/j.avsg,2020.07.048. PMid:32827677.

Blum U, Langer M, Spillner G, et al. Abdominal aortic aneurysms:
preliminary technical and clinical results with transfemoral
placement of endovascular self-expanding stent-grafts. Radiology.
1996;198(1):25-31. http://doi.org/10.1148/radiology.198.1.8539389.
PMid:8539389.

Outcomes and indications for SAAAA repair

34. Lederle FA, Johnson GR, Wilson SE, et al. The aneurysm detection
and management study Screening Program. Arch Intern Med.
2000;160(10):1425-30. http://doi.org/10.1001/archinte.160.10.1425.
PMid:10826454.

35. Moll FL, Powell JT, Fraedrich G, et al. Management of abdominal
aortic aneurysms clinical practice Guidelines of the European
Society for Vascular Surgery. Eur ) Vasc Endovasc Surg. 2011;41(Suppl
1):51-58. http://doi.org/10.1016/j.ejvs.2010.09.011. PMid:21215940.

36. Ozawa H, Takahashi A, Bessho R, Hoshina K, Shukuzawa K, Ohki
T. Saccular and fusiform abdominal aortic aneurysms treated
with endovascular repair differ in presentation and treatment
threshold: analyses using a National Clinical Database in Japan.
J Am Heart Assoc. 2024;13(11):e032715. http://doi.org/10.1161/
JAHA.123.032715. PMid:38780177.

37. van de Luijtgaarden KM, Bastos Gongalves F, Hoeks SE, et al. Lower
atherosclerotic burden in familial abdominal aortic aneurysm. ) Vasc
Surg. 2014;59(3):589-93. http://doi.org/10.1016/j.jvs.2013.08.096.
PMid:24239112.

38. Varkevisser RRB, Swerdlow NJ, de Guerre LEVM, et al. Five-year
survival following endovascular repair of ruptured abdominal
aortic aneurysms is improving. ) Vasc Surg. 2020;72(1):105-113.
e4. http://doi.org/10.1016/.,jv5.2019.10.074. PMid:32093908.

39. Daye D, Walker TG. Complications of endovascular aneurysm
repair of the thoracic and abdominal aorta: evaluation and
management. Cardiovasc Diagn Ther. 2018;8(Suppl 1):5S138-56.
http://doi.org/10.21037/cdt.2017.09.17. PMid:29850426.

Correspondence

Jodo Alfredo Schiewe

Rua Julio de Castilho, 2862 - Bairro Vila Carli
CEP: 85040-170 - Guarapuava (PR), Brasil
Tel: +55 (45) 99907-2940

E-mail: jalfredoschiewe@gmail.com

Author information

JAS, VLB, JEHL and LHGM - Medical students, Universidade Estadual
do Centro-Oeste (UNICENTRO).

ABM - Graduate, Centro Universitario da Fundagao Assis Gurgacz
School of Medicine; General Surgery Resident, Hospital Estadual Vila
Alpina.

VJS - Medical student, Centro Universitario da Fundagao Assis
Gurgacz.

FJFA - Vascular Surgeon, Faculdade de Medicina de Marilia; Tenured
professor of Medicine, UNICENTRO.

JFT - Vascular Surgeon, Servico de Cirurgia Vascular Elias Abréo,
Master of Biosciences and Health, Universidade Estadual do Oeste
do Parana (UNIOESTE) - Carotid Intima-Media Thickening, Professor
of Vascular Surgery and Angiology, UNIOESTE and of Human
Physiology, Angiology, and Vascular Surgery, Centro Universitario da
Fundagéo Assis Gurgacz; Coordinator, Centro de Estudos do Instituto
Vascular and Liga de Doengas Vasculares, UNIOESTE and Centro
Universitario da Fundagao Assis Gurgacz.

Author contributions

Conception and design: JAS, FJFA, JFT

Analysis and interpretation: JAS, VLB, JEHL, VS

Data collection: JAS, JEHL, VJS, VLB

Writing the article: JAS, VLB, ABM, LHGM, HFA, JFT

Critical revision of the article: JAS, ABM, FJFA, JFT

Final approval of the article™: JAS, VLB, JEHL, ABM, VJS, LHGM, FJFA,
JFT

Statistical analysis: JAS, ABM

Overall responsibility: JAS, FIFA, JFT

*All authors have read and approved of the final version of the article
submitted to ) Vasc Bras.

10/10


https://doi.org/10.1161/CIRCULATIONAHA.106.174526
https://doi.org/10.1161/CIRCULATIONAHA.106.174526
https://pubmed.ncbi.nlm.nih.gov/16549646
https://doi.org/10.1097/SLA.0000000000003529
https://pubmed.ncbi.nlm.nih.gov/31498185
https://doi.org/10.1016/j.avsg.2011.07.008
https://doi.org/10.1016/j.avsg.2011.07.008
https://pubmed.ncbi.nlm.nih.gov/22023944
https://doi.org/10.1016/j.jvs.2012.07.002
https://doi.org/10.1016/j.jvs.2012.07.002
https://pubmed.ncbi.nlm.nih.gov/23127980
https://doi.org/10.1016/j.jvs.2022.03.171
https://doi.org/10.1016/j.jvs.2022.03.171
https://doi.org/10.1002/9781119536604
https://doi.org/10.1136/bmj.n71
https://pubmed.ncbi.nlm.nih.gov/33782057
https://pubmed.ncbi.nlm.nih.gov/33782057
https://doi.org/10.1136/bmj.i4919
https://pubmed.ncbi.nlm.nih.gov/27733354
https://doi.org/10.1016/j.avsg.2013.11.007
https://pubmed.ncbi.nlm.nih.gov/24365079
https://doi.org/10.1177/152660280200900307
https://doi.org/10.1177/152660280200900307
https://pubmed.ncbi.nlm.nih.gov/12096943
https://doi.org/10.1016/j.ejvs.2022.03.004
https://pubmed.ncbi.nlm.nih.gov/35654637
https://doi.org/10.1016/j.avsg.2019.06.032
https://doi.org/10.1016/j.avsg.2019.06.032
https://pubmed.ncbi.nlm.nih.gov/31449938
https://doi.org/10.1016/j.avsg.2018.12.102
https://doi.org/10.1016/j.avsg.2018.12.102
https://pubmed.ncbi.nlm.nih.gov/30802571
https://doi.org/10.1016/j.avsg.2020.07.048
https://doi.org/10.1016/j.avsg.2020.07.048
https://pubmed.ncbi.nlm.nih.gov/32827677
https://doi.org/10.1148/radiology.198.1.8539389
https://pubmed.ncbi.nlm.nih.gov/8539389
https://pubmed.ncbi.nlm.nih.gov/8539389
https://doi.org/10.1001/archinte.160.10.1425
https://pubmed.ncbi.nlm.nih.gov/10826454
https://pubmed.ncbi.nlm.nih.gov/10826454
https://doi.org/10.1016/j.ejvs.2010.09.011
https://pubmed.ncbi.nlm.nih.gov/21215940
https://doi.org/10.1161/JAHA.123.032715
https://doi.org/10.1161/JAHA.123.032715
https://pubmed.ncbi.nlm.nih.gov/38780177
https://doi.org/10.1016/j.jvs.2013.08.096
https://pubmed.ncbi.nlm.nih.gov/24239112
https://pubmed.ncbi.nlm.nih.gov/24239112
https://doi.org/10.1016/j.jvs.2019.10.074
https://pubmed.ncbi.nlm.nih.gov/32093908
https://doi.org/10.21037/cdt.2017.09.17
https://pubmed.ncbi.nlm.nih.gov/29850426

