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Background: Endovascular repair of inflammatory abdominal aortic aneurysms (IAAAs) has
emerged as an alternative to open surgery, but direct comparisons are limited. The aim of the
study was to compare clinical outcomes of endovascular and open repair for IAAA according
with specific clinical characteristics.
Methods: We performed a literature review of reports describing patients who had open or
endovascular repair for IAAA. A literature search was performed in June 2022 by 2 investiga-
tors who conducted a review of papers reported in PubMed, Embase, MEDLINE, and
Cochrane Database. The strings ‘‘Inflammatory aneurysm’’ and ‘‘Abdominal Aortic Aneu-
rysms’’ were used. There was no language restriction and screened reports were published
from March 1972 to December 2021. We identified 2,062 patients who had open (1,586) or
endovascular repair (476) for IAAA. Primary outcomes were operative mortality and morbidity.
Secondary outcomes were complications during follow-up (mean follow-up: 48 months). Pro-
pensity score matching was performed between patients who had open or endovascular
surgery.
Results: In Western countries, propensity-weighted postoperative mortality (in-hospital) (1.5%
endovascular vs. 6% open) and morbidity rates (6% vs. 18%) were significantly lower in patients
who had endovascular repair (P < 0.0001); patients with larger aneurysm (more than 7 cm diam-
eter), signs of active inflammation, and retroperitoneal rupture of the aneurysm had better out-
comes after endovascular repair than after open surgery. Hydronephrosis was present in 20% of
the patients. Hydronephrosis regressed in most patients when signs of active inflammation were
present suggesting an acute onset of the hydronephrosis itself (fever, elevated serum C Reac-
tive Protein) either after endovascular or open surgery. Long-standing hydronephrosis as sug-
gested by the absence of signs of active inflammation rarely regressed after endovascular
surgery despite associated steroid therapy. During a mean follow-up of 48 months,
propensity-weighted graft-related complications were more common in patients who had endo-
vascular repair (20% vs. 8%). For patients from Asia, short-term and medium-term results were
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similar after open and endovascular repair. IAAAs related with aortitis were more common in
Asia. In Western countries, IAAAs were commonly associated with atherosclerosis.
Conclusions: Patients with IAAA represent a heterogeneous population, suggesting biological
differences from continent to continent; conservative therapy and endovascular or open surgery
should be chosen according to the patient clinical condition. Endovascular repair presents ad-
vantages in patients with signs of active inflammation and contained rupture of the IAAA and
larger aneurysms. Hydronephrosis, without signs of active inflammation, rarely regresses after
endovascular repair associated with steroid therapy. Further studies are needed to establish
the long-term results of endovascular repair.
De Weerd et al.1 in 1955 reported on a 45-year-old

patient with bilateral hydronephrosis. At the opera-

tion, both ureters were encased in a thick, whitish,

fibrotic reaction, starting from an aneurysm of the

abdominal aorta. Bilateral ureterolysis was per-

formed with normalization of renal function. The

aneurysm was left in place. The same year Shu-

macker and Garrett2 performed a successful resec-

tion of an inflammatory abdominal aortic

aneurysm (IAAA), with bilateral ureterolysis. The

postoperative course was uneventful with return

of a regular renal function. Walker et al.3 reviewed

the clinical outcome of 187 patients who had resec-

tion of an abdominal aortic aneurysm (AAA): in 19

patients (10%) the aneurysm was surrounded by a

‘‘thick, whitish fibrosis’’. They used the term ‘‘in-

flammatory aneurysm’’, noting the higher surgical

mortality (26%) for these patients. Crawford

et al.4 defined some of the operative principles to

prevent complications in surgery for IAAA,

including minimal dissection of the aneurysm:

Open surgery for IAAA is complications prone for

the peri-aneurysmal fibrosis involving the adjacent

structures (Figs. 1 and 2).5,6 Endovascular repair of-

fers several advantages, avoiding a complex dissec-

tion with the possibility of injuries to the

duodenum, small bowel, and vena cava. Concerns

remain about the medium-term and long-term re-

sults of endovascular surgery in this clinical setting.

The aim of this study was to analyze the results of

open and endovascular surgery for patients with

IAAA.
MATERIALS AND METHODS

The methods used for the study and inclusion

criteria were based on PRISMA and AMSTAR rec-

ommendations. A literature search was performed

in June 2022 by 2 investigators who conducted a

review of papers reported in PubMed, Embase,

MEDLINE, and Cochrane Database. The strings

‘‘Inflammatory aneurysm’’ and ‘‘Abdominal

Aortic Aneurysms’’ were used. There was no
language restriction and screened reports were

published from March 1972 to December 2021

(Supplement). Papers reporting patients with a

follow-up less than 6 months were not included.

Data extraction was performed by 2 reviewers

independently; a third reviewer was involved to

solve any question in interpreting data. The pri-

mary outcomes were operative mortality and

morbidity. Secondary outcomes were complica-

tions related to therapy and survival. Data were

analyzed according to the geographical areas. The

presence of an IAAA was defined for a significant

peri-aneurysmal fibrosis at computed tomography

(CT) scan or at operation. Patients with Beçhet dis-

ease and AAA were considered separately. The

registration number at PROSPERO was

CRD4201808633. This systematic review was

approved by the Council of our Department and

from the Ethics Committee of our University and

Hospital. Being a systematic review of already pub-

lished data, written consent was not required.
Quality Assessment
Two independent reviewers assessed the quality and

risks of biases of the analyzed studies by using the

Newcastle-Ottawa scale. Papers with a score more

than 6were considered of good quality (scale 0 to 9).
Geographical Regions
Results were analyzed by an overall point of view as

well as according to specific geographical areas: (1)

USA-Canada-Europe, (2) North Africa and Middle

East, (3) India-Pakistan, (4) Japan-China-South Ko-

rea, and (5) Mexico-Central and South America.

USA, Canada, and Europe were considered together

for similar clinical characteristics of the patients and

similar operative results.
Statistical Analysis
Interstudy heterogeneity was assessed by I2 statistics

as a measure describing degree of heterogeneity. I2

results less than 50% were considered as low



Fig. 1. (AeB) Intraoperative view of inflammatory abdominal aortic aneurysm: The dissection is kept to a minimum to

avoid injuries to the adjacent structures.
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heterogeneity; I2 more than 50% were considered

with high heterogeneity. Comparisons were made

by Chi-square test and Student’s t-test where appro-

priate. Log-rank test was used to compare actuarial

survival rates after surgery between selected groups

of patients. Multivariate analysis was not possible

because of incomplete data in the majority of the

study.
Propensity Score Matching
Fig. 2. Aneurysmal wall of an IAAA.
Results were compared for selected patients who

had open surgery or endovascular surgery in USA-

Canada-Europe. Two hundred patients who had

open surgery were compared to 100 patents who

had endovascular surgery. Patients were selected

by random sampling within strata: all observations

were ranked on their propensity score, and the

data were then divided into quantiles of the propen-

sity score. Within each stratum, equal sample sizes

in the treatment and control groups were selected.

Matching within calipers was proposed to protect

against a treated and control observation not similar

to each other in their propensity score. For covariate

balance, we used the standardized differences after

weighting. These were all<0.1, indicating adequate

balancing by the propensity score model. Patients

were matched on characteristics that predict receipt

of 1 treatment strategy over another. Analyzed pre-

operative clinical characteristics of the patients were

age, gender, symptoms if present (fever, abdominal

pain, and weight loss), general clinical conditions,

comorbidities, associated autoimmune diseases,

and previous cardiovascular events. Other included

variables were maximum transverse diameter of the

AAA, intact or ruptured aneurysm (free or con-

tained rupture), and presence of aneurysms in other

arterial segments.
For covariate balance, we used the standardized

differences after weighting. These were all <0.1,

indicating adequate balancing by the propensity

score model. We used weighted Cox regression to

compare overall survival and overall disease-free

survival.
Definition of Complications
The postoperative morbidity (in-hospital) was

recorded as a total percentage and based on the pres-

ence of significant complications according to the

Clavien-Dindo Classification (Class III-IV-V).7 If

the Clavien-Dindo Classificationwas notmentioned

in the reports, grades were assigned based on the in-

formation provided. We also considered as major

complications all negative events which required a

new intervention either after open or endovascular

repair.
RESULTS

Two thousand and six hundred articles were

screened: 94 papers were included in the analysis

(Supplement Methods). There was no randomized



Table I. Comparison between the overall results of open and endovascular surgery for IAAA in USA-

Canada-Europe

Early and late results Open repair (1,276 patients) Endovascular surgery (166 patients)

Operative mortality (30 days) 6.8% 1.8%

Operative morbidity (30 days) 25% 5%

Perianeurysmal fibrosis (124 patients) (55 patients)

Significant regression 73% 62%

Unchanged 26% 34%

Progression 1% 4%

Ureteral entrapment (85 patients) (32 patients)

Significant regression 69% 44%

Unchanged 22% 44%

Progression 9% 12%
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study. Most studies were retrospective. Few pro-

spective studies (10 papers) were included, but de-

tails about the organization of the study were not

clearly reported. The average Newcastle Ottawa

score was low. Study heterogeneity ranged from

30% to 60%, with an average of 46%. A total of

2,054 patients were collected: 1,578 had open sur-

gery (only 1,394 are included because 184 patients

had incomplete information or very short follow-

up) and 476 had endovascular surgery. Postopera-

tive mortality ranged from 20% to 0% and

morbidity rates from 50% to 10%. We considered

separately patients from different continents

because of a significant difference in results of

open and endovascular surgery and specific clinical

characteristics suggesting various etiologies and

pathophysiology of the IAAA.
USA-Canada-Europe
Open surgeryeclinical characteristics. Overall,

1,276 patients with intraoperatively defined IAAA

were considered for the analysis. Twenty of these

patients had associated autoimmune disease

(1.6%), but histology did not show a significant dif-

ference from patients with IAAA and no associated

autoimmune disease. Three patients had Takayasu

disease; histology confirmed the nature of the aneu-

rysm. The clinical characteristics of 200 patients

with IAAA were compared with those of 200 pa-

tients with simple atherosclerotic-degenerative

aneurysm. Patients with inflammatory AAA com-

plained more often from pain (P < 0.001) and they

had increased serum inflammatory markers (C-

reactive protein) (P < 0.001). Comorbidities, age,

and sex distribution were similar between patients

with IAAA and simple atherosclerotic-

degenerative aneurysm. IAAAs had lower preva-

lence of rupture (5%), and the rupture was
generally contained into the retro-aortic space

(P < 0.0001).7e18

Open surgeryeresults. Tables I and II show the

operative mortality and morbidity. There was a sig-

nificant improvement in results after the year 1985,

when the operative details of minimal aneurysm

dissection were popularized, and after the year

2008, when endovascular surgery started to be

accepted and performed in patients with IAAA

(Table III). Reports from the same centers showed

improved results in time (P < 0.0001), namely after

the introduction of endovascular surgery.7e13 Five

papers compared the results for patients with

IAAA with those for patients with simple

atherosclerotic-degenerative aneurysm and no sta-

tistically significant difference was found for the

low number of observations.14e18 However, aggre-

gated data of the 5 papers show a significant

increased operativemortality (7% vs. 2%) and post-

operative morbidity (25% vs. 15%) in patients with

IAAA in comparison with patients with simple AAA

(P < 0.0001). Peri-aneurismal fibrosis regressed in

73% of the patients in whom serial postoperative

CT scans were performed (Table I).
Endovascular SurgeryeClinical

Characteristics
One hundred and sixty six patients who had endo-

vascular repair for IAAA were collected. The aneu-

rysm was defined for the increased thickness of

the peri-aneurysmal tissue at CT scan. The incidence

of associated hydronephrosis (22%) was similar

with that of patients with IAAA who had open

surgery.
Endovascular SurgeryeResults
Table I shows the results of endovascular surgery

compared with those of open surgery. Ten patients



Table II. Results of open surgery for inflammatory abdominal aortic aneurysms

Author Type of study N patients Analyzed years Postop mortality morbidity

Paravastu et al.7 Systematic Review 999 1972e2008 6.9% NA

Kakkos et al.13 Systematic Review 459 1972e1999 9.8% NA

Kakkos et al.13 Systematic Review 300 1999e2013 4% NA

Current Review Systematic Review 205 1972e1984 12% 30%

Current Review Systematic Review 350 1985e1994 7.5% 20%

Current Review Systematic Review 580 1995e2007 6.2% 15%

Current Review Systematic Review 443 2008e2019 3% 10%

Table III. Overall results of open and endovascular surgery for IAAA performed in the same period in the

same centers in the last 10 years

Authors year publication Mortality EVARa Mortality open Overall mortality (30 days from Surgery)

Coppi et al.19 2010 0/9 (0%) ?/9 ?

Stone et al.10 2012 0/10 (0%) 1/59 (1.6%) 1/69 (1%)

Zhang et al.20 2014 0/8 (0%) 0/5 (0%) 0/13 (0%)

Kakkos et al.13 2015 0/9 (0%) 0/10 (0%) 0/19 (0%)

Kasashima at al21 2017 0/17 (0%) 0/23 (0%) 0/40 (0%)

Georgakarakos et al.22 2017 0/1 (0%) 0/1 (0%) 0/2 (0%)

Duques Santos et al.23 2018 0/5 (0%) 1/29 (3.4%) 1/34 (2.9%)

Total 0/59 (0%) 2/128 (1.5%) 2/187 (1.0%)

a30-days mortality.

Volume -, - 2023 Inflammatory abdominal aorta aneurysms 5
had endovascular surgery, after open surgery was

abandoned for difficulties in the dissection. Opera-

tive mortality and morbidity rates were significantly

lower than those after open surgery. One hundred

patients who had endovascular surgery were

compared with 200 patients who had open surgery

by propensity score matching 1 to 2. Operative mor-

tality and morbidity were significantly lower for pa-

tients who had endovascular repair in comparison

with patients who had open surgery (endovascular

repair operative mortality 1.5% and operative

morbidity 6%; open surgery operative mortality

6% and operative morbidity 18%; P < 0.001). This

difference was more evident in patients who were

operated upon in emergency conditions, in patients

who had clinical (fever-abdominal pain and tender-

ness) and serologic signs (increased serum C-reac-

tive protein) of active inflammation and in

patients with an aneurysmwith transverse diameter

larger than 7 cm (P < 0.001). Endovascular surgery

resulted in a lower rate and speed for regression of

peri-aneurismal fibrosis. During a mean follow-up

of 48 months, reinterventions were more common

in patients who had endovascular repair (20% vs.

8%) (P < 0.0001). After the introduction of new

graft materials and the routine use of steroids,

immediately before and after endovascular surgery,

worsening of the peri-aneurismal fibrosis was
seldom reported. Hydronephrosis, when present,

regressed more frequently when associated with

clinical and/or hematological sings of inflammation

(12/13). In patients with no evidence of clinical and/

or hematological signs of acute inflammation,

hydronephrosis rarely regressed (3/19).
Asian Countries
Open surgeryeclinical characteristics. Overall, 124

patients who underwent open surgery were

collected. Seventeen patients had IG4-related dis-

ease, 4 patients IG4 not related chronic peri-

aortitis, and 1 patient Takayasu disease. The remain-

ing 102 were defined as having atherosclerotic-

degenerative AAA; however, patients with

atherosclerotic-degenerative disease had lower

prevalence of associated disease in comparison

with patients with atherosclerotic IAAA from

USA-Canada and Europe, suggesting the possibility

of a less virulent form of atherosclerosis. This was

indirectly confirmed by the higher 5-year actuarial

survival rate (78% vs. 70%, P < 0.001).

Open surgeryeresults. There was only one postop-

erative mortality (1/124 ¼ 0.8%). Reported postop-

erative complication rate was less than 5%.

Postoperative mortality and morbidity were signifi-

cantly lower in comparison with patients operated
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upon in USA-Canada-Europe (P < 0.001). Mean

follow-up was 48 months. Four patients had an

anastomotic pseudoaneurysm and 1 patient an

aorto-enteric fistula.

Endovascular surgeryeclinical characteristics.
Three hundred nine patients with inflammatory

aneurysm were reported: 278 were extracted from

the Japan National Statistics.24

Thirty one patients were reported in single-

institution studies. There were 2 cases of postopera-

tive mortality (2/309 ¼ 0.6%). During a mean

follow-up of 28 months, there were 3 patients

with graft rupture (3/309 ¼ 1%). Early results after

endovascular repair were similar with those after

open surgery. Reintervention rates were also similar

after open and endovascular surgery. Worsening of

peri-aneurysmal fibrosis was reported in 9 of 10 pa-

tients with IG4-related disease; none of those pa-

tients had associated steroid therapy.21,25

Wewere able to find only 2 reports of 2 young pa-

tients (aged 38 and 39 years; 1 male; 1 female) who

underwent successful open resection for a

Takayasu-related IAAA.26e33
North Africa-Middle East
The possibility of abdominal aneurysm or pseudoa-

neurysm related with Beçhet disease was high in

these regions, with a higher prevalence in young

males (average age: 35 years). There was an

increasing use of endovascular surgery, with

improved results in comparison with open sur-

gery.34e36 We found only 1 report from Turkey

which described the clinical outcome of 17 patients

after open surgery for repair of IAAA probably

atherosclerotic in nature.16 The postoperative mor-

tality was 11% (2/17) and complication rate was

29%, mainly related with renal failure.
DISCUSSION

Several theories have been proposed about the etiol-

ogy of IAAA. Rose and Dent in 198135 demonstrated

an inflammatory reaction in almost all AAAs: in 6

patients, the inflammatory reaction was severe.

Other reports have hypothesized a major role of

autoimmunity in the genesis of IAAA, extrapolating

the etiological events associated with the formation

of chronic aortitis to the development of IAAA in

general.36e39 The Society for Cardiovascular Pathol-

ogy has provided guidelines to distinguish IAAA

associated with severe atherosclerosis from those

associated with aortitis and peri-aortitis.40 The

term Inflammatory Atherosclerotic Abdominal An-

eurysms should be used to introduce a clear
distinction between atherosclerosis-related IAAA

and other forms of aortitis and peri-aortitis, which

can result also in aneurysmal degeneration.

Atherosclerosis-related IAAA shows severe athero-

sclerosis and excessive degree of adventitial inflam-

mation, consisting mainly on lymphocytes and

plasma cells. The thickness of the aortic wall should

exceed 4mm tomake a diagnosis of IAAA. The pres-

ence in the adventitia of histological findings not

typical for atherosclerosis (like granulomata, exten-

sive IG4+) combined with no significant or mild

atherosclerosis favors the diagnosis of peri-aortitis.40

In our review, we found a significant difference in

the distribution and etiology of IAAA. Atheroscle-

rotic IAAA was the most common form in USA-

Canada and Europe; in Asia, there was a significant

prevalence of IAAA related with aortitis. CT scan

shows in IAAA related with aortitis a homogeneous

distribution of the peri-aneurysmal fibrosis,

involving also the posterior wall. In patients with

atherosclerotic-related IAAA, the peri-aneurysmal

fibrosis is confined to the anterior and lateral walls.

Patients from Asia with atherosclerotic IAAA had

less comorbidities, better operative results, and sur-

vival rates. These findings support the hypothesis of

different forms of atherosclerosis between Western

and Eastern countries. Moreover, patients with

Takayasu disease had different characteristics

when comparing patients from Asia, with a high

prevalence of AAA, with those from Mexico and

South America in whom associated AAA was

uncommon.

Endovascular surgery resulted in reducedmortal-

ity and morbidity in comparison with open surgery

in patients with contained retro-aortic rupture, evi-

dence of active inflammation (either clinicallydab-

dominal pain, fever, weight lossdor based on

serologic inflammatory markers), and with larger

aneurysms in USA-Canada-Europe. In an average

follow-up of 48 months, complications and reinter-

ventions were higher after endovascular repair than

after open surgery in USA-Canada-Europe, but not

in East Asia. Regression of peri-aneurismal fibrosis

was more common and faster after open surgery.

Regression of hydronephrosis related to IAAA was

more common in patients with active, recent-

onset inflammation either after open or endovascu-

lar surgery. The absence of active inflammation,

presuming a chronic inflammation with long-

standing peri-aortic fibrosis, was associated with

reduced rates of regression of the hydronephrosis,

especially after endovascular surgery.7,13,41e44

These findings represent the theoretical basis for

an aggressive medical and surgical therapeutic

approach in patients with IAAA and clinical and



Fig. 3. CT scan of a patient with an atherosclerotic IAAA.

The peri-aneurysmal fibrosis is present only in the ante-

rior and lateral segments.

Fig. 4. CT scan of a patient with an IAAA related with

aortitis. The peri-aneurysmal fibrosis involves also the

posterior segment.
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serologic evidence of active inflammation before

chronic fibrosis supervenes. In presence of markers

for active inflammation, endovascular surgery asso-

ciated with steroids represents a valid therapeutic

approach. Short course of steroids followed by

open surgery may be a realistic alternative. In pa-

tients with IAAA and no signs of active inflamma-

tion, the presence of hydronephrosis should be

considered related with chronic fibrosis. In this clin-

ical setting, regression of the hydronephrosis is un-

common after endovascular surgery, even if

combined with steroid therapy. Open IAAA repair

and ureterolysis may be a more appropriate solu-

tion: steroid therapy may help to prevent recurrent

ureteric obstruction.
CONCLUSION

Patients with IAAA represent a significant heteroge-

neous group. Conservative treatment in older pa-

tients, with reduced life expectancy, with smaller

aneurysm (<5 cm in maximum transverse diam-

eter), without associated hydronephrosis, is an

acceptable therapeutic option.45e47 Endovascular

surgery associated with steroids is followed by

good clinical outcomes, with significantly reduced

operative mortality and morbidity in comparison

with open surgery, and it should be considered the

optimal treatment for patients with contained

rupture, active inflammation, and larger aneu-

rysms.48,49 The initial concerns that endovascular

surgery might lead to worsening of the peri-

aneurysmal inflammation seem to reduce because
the evidence of improved early result of endovascu-

lar surgery with lower perioperative complications

and the reduced incidence of the problem for new

graft materials and diffusion of associated steroids

therapy. Open surgery in patients with longer life

expectancy, with chronic inflammatory conditions,

and hydronephrosis represents a valid choice for the

higher possibility of hydronephrosis regression in

comparison with endovascular repair.

The therapeutic approach in patients with IAAA

should be chosen according to the specific clinical

characteristics and expectations of each single

patient50e52 (Figs. 3 and 4). Conservative medical

treatment and open or endovascular surgery should

be considered valid complementary options. Table

III shows the improved results reported in centers

where endovascular or open repair were selected ac-

cording to the characteristics of the patients.
Limitations
Our review implies several possible biases: retro-

spective nature of most studies, incomplete and

not uniform reported data, and low quality of papers

by New Castle grading.

The definition of an IAAA was approximate and

not uniform and information about clinical presen-

tation (elective and emergency) was not reported in

several papers. Despite these limitations, the review

offers an overall view of the current controversies

about the proper treatment of patients with IAAA

and underlines the importance of personalized ther-

apy in treating this heterogeneous group of pa-

tients.53,54 Patients with IAAA have been often

classified as a homogeneous group of patients; gen-

eral guidelines for treatment are not appropriate,
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without considering the specific conditions and

needs of each singe patient.
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