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Persistent chronic peri-aortitis (‘inflammatory aneurysm’)
after abdominal aortic aneurysm repair: systematic review
of the literature

EFH van Bommel1, SJ van der Veer2, TR Hendriksz2 and GS Bleumink1

Abstract: Data on the outcome of aneurysmal chronic peri-aortitis (‘inflammatory

aneurysm’) after open surgical aneurysm repair are few and contradictory. To what

extent this inflammatory process is reversed after endovascular aneurysm repair

(EVAR) is even more unclear. The objective of this review was to study the outcome

of peri-aortic fibrosis (PAF) and ureteral obstruction in patients with aneurysmal

chronic peri-aortitis treated with open surgery or EVAR. Medical literature was

searched for pertinent articles on the outcome of PAF and ureteral obstruction after

open surgery or EVAR from 1970 through October 2007. Studies were included if spe-

cific follow-up data were available on outcomes of interest. A total of 19 studies were

included comprising 478 patients (open surgical, n = 426; EVAR, n = 52). Age, sex and

percentage of patients with ureteral obstruction (31% vs 37%) did not differ between

groups. Regression of PAF occurred more frequently after open surgery compared to

EVAR (86% vs 60%; p < 0.0001). Complete regression of PAF was more frequent after

open surgery compared to EVAR (52% vs 14%; p < 0.0001). After excluding patients

in whom concurrent ureterolysis was performed, the frequency of persistent ureteral

obstruction remained lower in patients treated surgically compared to patients trea-

ted with EVAR, albeit not statistically significant (32% vs 56%; p = 0.09). In conclusion,

although open surgery is superior to EVAR in achieving regression of chronic peri-

aortitis, the frequency of persistent PAF and/or ureteral obstruction is not negligible.

Additional medical and/or urological treatment should be considered in selected

cases of aneurysmal chronic peri-aortitis.

Key words: aortic aneurysm repair; chronic peri-aortitis; endovascular; inflammatory

aneurysm; open surgical; peri-aortic fibrosis; ureteral obstruction

Introduction

The combined findings of abdominal aortic aneu-
rysm (AAA) and peri-aneurysmal fibrosis, usually
described as ‘inflammatory aneurysm’, is consid-
ered one of the manifestations of retroperitoneal
fibrosis (RPF) and characterized by chronic non-
specific inflammation of the retroperitoneum,
which can entrap and obstruct retroperitoneal struc-
tures, notably the ureters.1,2 In idiopathic RPF (i.e.
where no causal factor can be identified), an exag-
gerated inflammatory response to advanced athero-
sclerosis has been implicated in its pathogenesis.3–5

It is for these reasons that some prefer the term
chronic peri-aortitis to encompass idiopathic RPF
and peri-aneurysmal fibrosis.2–5

Peri-aneurysmal fibrosis may be suspected pre-
operatively in patients with abdominal, back
and/or flank pain, weight loss, constipation, and ele-
vated acute-phase reactants and serum creatinine
level.1,6 Contrast-enhanced computed tomographic
(CT) scanning usually confirms the presumed dia-
gnosis and is mandatory for proper planning of
aneurysm repair.1,2 CT reveals the aneurysm and
thickened aortic wall, as well as the often well-
delineated peri-aortic soft tissue mass with typical
caudad extension to the iliac vessels. The posterior
aspect of the aortic wall is usually spared and aortic
displacement from the vertebrae is rare.1,2 The mass
is isodense to psoas muscle and may enhance after
contrast injection.1,2

Despite earlier reports suggesting otherwise,7–9 it
has long been assumed that surgical aneurysm exclu-
sion will suffice in controlling the inflammatory
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process. Recently, however, the variable regression
of peri-aortic fibrosis after surgical aneurysm exclu-
sion has been noted.1,10 Because management differs
between centres, little is known about the incidence
and postoperative course of ureteral obstruction in
these patients and whether or not concomittant ure-
terolysis should be performed.1,10 This is important
as associated urological procedures may increase the
risk of postoperative complications.1,2,10

Because of a lower risk for morbidity and mortal-
ity, endovascular aneurysm repair (EVAR) may be
an alternative treatment option for high-risk
patients with peri-aneurysmal fibrosis.11–15 While
it may have equally good results in terms of aneu-
rysm exclusion and aneurysm rupture prevention,
persistent or progressive peri-aortic fibrosis has
been reported in patients treated with EVAR.16–19

These unclear and controversial issues prompted
us to report four cases of persistent chronic peri-
aortitis following surgical and endovascular
aneurysm exclusion and to review systematically
available data on this particular subject.

Materials and methods

Search strategy
The English, German and French language litera-
ture indexed in the PubMed and MEDLINE data-
base was thoroughly searched for pertinent articles
on open surgical or endovascular repair of inflam-
matory AAA from 1970 through October 2007. We
used the (combined) Medical Subject Headings or
text words ‘surgical aneurysm repair’, ‘aortic bypass
surgery’, ‘endovascular aneurysm repair’, ‘inflam-
matory aneurysm’, ‘peri-aortic fibrosis’, ‘peri-
aneurysmal fibrosis’, and ‘chronic peri-aortitis’. We
hand-searched reference lists of all identified studies
and of review articles on the general topic of inflam-
matory aneurysm for further references. The titles
and abstracts of all articles identified by the search
strategy were screened for appropriateness before
retrieval of full articles.

Selection and data extraction
Studies were included in the analysis if the following
criteria were fulfilled: (1) inflammatory aneurysmwas
diagnosed according to accepted criteria;1,3,6 (2) open
surgical or endovascular aneurysm exclusion was the
intended treatment strategy; detailed information was
available on at least one of the two primary outcome
measures: (3) evolution of peri-aortic fibrosis, includ-
ing data of repeated (i.e. baseline and follow-up) CT
scanning allowing categorization of peri-aortic mass
regression; and (4) the evolution of ureteral obstruc-
tion.We excluded studies on atherosclerotic (i.e. with-
out inflammation) ormycotic aneurysm repair. Single

case reports or data presented as abstracts only were
also excluded from the analysis. Twenty-six retrospec-
tive and prospective case-series were identified as
potentially relevant and full-text articles were
retrieved for evaluation.20–45 Of these studies, five
were excluded because of lack of data or inability to
extract data on outcomes of interest.20–24 Two other
articles25,26 were excluded because data from these
case-series were confirmed to be included in more
recent articles.42,45 Hence, 19 studies were included
in our statistical analysis.27–45

The following data were extracted from each arti-
cle: number of study patients with inflammatory
AAA; age (years) and sex of the patients; follow-
up duration after the intervention (months); number
of patients with uni- or bilateral ureteral obstruction
at presentation; type of procedure (open surgical or
EVAR); number of patients with concurrent ureter-
olysis during open surgical aneurysm repair; num-
ber of patients with pre-operative CT scanning and
at follow-up; number of patients with persistent
ureteral obstruction after aneurysm repair; CT-
documented evolution of peri-aortic fibrosis (com-
plete, partial or no regression; progression).
If a study reported data related to both athero-

sclerotic and inflammatory aneurysm repair, we
extracted only the data for inflammatory aneurysm
repair.28,30 Although not a prerequisite for inclu-
sion, follow-up data on clinical signs and symptoms,
which were present at baseline (i.e. number of
patients with abdominal, back and/or flank pain;
number of patients with a raised ESR and/or
impaired renal function) were also extracted. If
data could not be extracted with confidence, none
was entered.

Statistical analysis
Data from most studies were reported as mean and
range. In some instances, results were reported as
median and range or mean and standard deviation.
In cases where individual patient data were avail-
able, we chose to calculate the mean and range for
continuous variables. Discrete variables are pre-
sented as absolute numbers and proportions (%).
To calculate overall data, patient characteristics

of studies were pooled if individual patient data
were available. When these data were lacking,
study estimates were pooled to calculate the
means. Differences in findings between study
groups (i.e. open surgical versus EVAR) were
assessed by the Fisher exact test for categorical vari-
ables and the Mann–Whitney test for continuous
variables. Values of follow-up variables (i.e. number
of patients with pain, raised ESR and impaired
renal function) were compared with baseline values
using the Fisher exact test. A two-sided p-value less
than 0.05 was considered statistically significant.
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Case reports

Case 1
A 45-year-old man was referred to the outpatient
department of internal medicine with malaise,
anorexia, weight loss and progressive pain in the
abdomen and groin, radiating to the lower back.
Physical examination revealed no abnormalities.
Laboratory investigation showed elevated erythrocyte
sedimentation rate (ESR) (49 mm/h) and C-reactive
protein (CRP) (25 mg/l); serum creatinine was
79 μmol/l. Abdominal CT scanning showed a retro-
peritoneal fibrotic mantle enveloping a mildly dilated
distal aorta and proximal iliac arteries. Chronic peri-
aortitis was suspected and treatment was started with
initial high-dose (60 mg/day) prednisone, which led to
rapid relief of symptoms. Follow-up CT scanning at
5 months revealed significant regression of the
peri-aortic mass. After tapering the prednisone dose
to 15 mg, signs and symptoms recurred. Repeat CT
scanning confirmed suspected recurrent disease.Com-
bined therapy with azathioprine (150 mg once daily)
and prednisone (60 mg once daily) was initiated,
which led to rapid improvement in signs and symp-
toms. Despite combined immunosuppressive treat-
ment for 1 year, he experienced two more recurrences
necessitating repeated courses of combined therapy
(azathioprine, prednisone, tamoxifen). Fifty-six
months after the initial diagnosis, the patient sought
a second opinion elsewhere, where surgical interven-
tion was advocated. After gradually stopping medical
treatment, the patient underwent resection of the ath-
erosclerotic aorta with insertion of a tube graft pros-
thesis. Six months after surgery, signs and symptoms
of chronic peri-aortitis recurred. Repeat CT scanning
showed a large peri-aortic mass; gallium-67 scanning
revealed intense pathologic activity.46 Treatment was
started with prednisone and cyclophosphamide,
which led to rapid improvement. At the time of his
latest follow-up, a second recurrence after surgical
intervention necessitated re-introduction of immuno-
suppressive treatment.

Case 2
A 64-year-old man was referred to our outpatient
department for evaluation of chronic kidney dis-
ease. Eleven months prior to presentation he under-
went open surgical aortic aneurysm repair for
inflammatory AAA. The patient experienced dull
flank and lower back pain, constipation and weight
loss of 4 kg in the last 4 months. Physical examina-
tion showed systolic hypertension (180/80), weak
peripheral pulses of the lower extremities and a mur-
mur over the femoral arteries. Relevant laboratory
investigation included a normal ESR (17 mm/h) and
increased serum creatinine (256 μmol/l). An abdom-
inal CT scan showed extensive atherosclerotic dis-

ease of the proximal abdominal aorta, prosthesis in
situ, and peri-aortic fibrosis extending towards the
aortic bifurcation (Figure 1). There was no hydro-
nephrosis. Gallium scanning was negative.46 Recur-
rent chronic peri-aortitis despite aneurysmectomy
was suspected. Chronic kidney disease was thought
to be due to chronic hypertension and generalized
vascular disease. Treatment was started with tamox-
ifen 20 mg twice daily, which was well tolerated.
Within 2 weeks his complaints improved signifi-
cantly and pain subsided completely. Follow-up
CT scanning at 4 months showed significant regres-
sion of the peri-aortic mass (Figure 1B). Tamoxifen
treatment was continued for 2 years. At the time of
his latest follow-up, 20 months after cessation of
tamoxifen, the patient feels well and ESR is within
the normal range. His latest CT scan showed stable
residual peri-aortic fibrosis.

Case 3
A 76-year-old man was referred to our outpatient
department with progressive abdominal and lower

Figure 1 (A) Eleven-month postoperative CT scan in a
64-year-old man shows the aortic bypass graft and a
peri-aneurysmal soft tissue mass with limited involve-
ment of inferior caval vein (C). (B) Note that the posterior
aortic wall is spared. A follow-up CT scan after 4 months
of tamoxifen treatment shows regression of the peri-
aortic mass.
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back pain, weight loss of 10 kg, pollakisuria and
extreme tiredness of 9 months duration. Fourteen
months before referral he had received an endovas-
cular stent for treatment of an inflammatory infrare-
nal aortic aneurysm. Additionally, 2 months before
referral endovascular stenting of a thoracic aortic
aneurysm has been performed, which was compli-
cated by a proximal type I endoleak. There were no
abnormal findings on physical examination. Rele-
vant laboratory investigation included an increased
ESR (48 mm/h), CRP (80 mg/l) and serum creatinine
173 μmol/l. An abdominal CT scan showed peri-
aortic (Figure 2) and peri-iliacal fibrosis with a nor-
mal left kidney and an atrophic hydronephrotic right
kidney. Hydronephrosis was not seen on a CT scan
performed elsewhere prior to the first endovascular
procedure. Gallium-67 scanning showed increased
pathologic activity at the level of the peri-aortic

mass. Progressive chronic peri-aortitis despite endo-
vascular aneurysmal exclusion was suspected and
treatment was started with tamoxifen 20 mg
twice daily, which resulted in some improvement of
symptoms. Repeated gallium scanning at 3 months
showed a decrease in pathologic gallium activity.
Laboratory investigation revealed a decrease of the
ESR to 15 mm/h and CRP to 11 mg/l, while creati-
nine remained stable. Follow-up CT scanning at
4 months showed no mass regression. Disease-
responsiveness to tamoxifen was considered insuffi-
cient, upon which azathioprine 100 mg once daily
was added to the treatment regimen. At the time of
his latest follow-up, the patient feels well without any
complaints. ESR and CRP are within the normal
range. CT scanning after 8 months of medical treat-
ment showed moderate regression of the fibrotic
mass (Figure 2B).

Case 4
This 48-year-old man was referred to our outpatient
department with persistent chronic peri-aortitis after
aortic bifurcation graft implantation. Five months
earlier, the patient was diagnosed in another hospital
with peri-aneurysmal fibrosis complicated by bilat-
eral hydronephrosis. He had suffered from fatigue,
malaise, back pain, weight loss of 22 kg and fever.
Physical examination revealed no abnormalities. The
patient was treated with open surgical aneurysm
repair combined with bilateral ureteral stenting. Ure-
teral catheters were removed 2 months later because
of local bladder wall irritation. Three months after
surgery, symptoms of fatigue and malaise were still
very prominent. Lower back pain had diminished to
a vague sensation. Fever and weight loss had disap-
peared. Repeat CT scanning revealed a large peri-
aortic mass and hydronephrosis of the left kidney.
The patient was then referred to our centre. At pre-
sentation, laboratory investigation showed normal
ESR (14 mm/h) and CRP (7 mg/l); serum creatinine
was 151 μmol/l. Gallium scanning was negative. Per-
sistent chronic peri-aortitis was suspected and treat-
ment was started with tamoxifen 20 mg twice daily.
Additionally, a percutaneous nephrostomy catheter
was inserted. Tamoxifen was well tolerated and led to
rapid improvement of symptoms. CT scanning 4
months later showed significant regression of peri-
aortic fibrosis. No improvement of renal function
was observed, probably because of irreversible
obstructive nephropathy.

Results

Characteristics of patients who were treated with
open surgical aneurysm repair are depicted in
Tables 1 and 2. The mean age of the patients was
67 years (28–92), with a male predominance (82%).

Figure 2 (A) Contrast-enhanced CT scan 14 months
post-EVAR in a 76-year-old man shows the two patent
limbs of the endovascular graft (Excluder® graft) and a
well-delineated peri-aneurysmal soft tissue mass extend-
ing to the right psoasmuscle. There is some narrowing of
the inferior caval vein (C). The posterior aortic wall is
spared. (B) A follow-up CT scan after 8 months of treat-
ment with tamoxifen and azathioprine shows regression
of the peri-aortic soft tissue mass.
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Follow-up CT data from patients who were treated
with open surgical aneurysm repair (Table 2)
showed regression of the peri-aortic mass in 86%
of patients. Complete mass regression occurred in
52% of patients. Pre-operative ureteral obstruction
was present in 103 of 337 (31%) patients from whom
this data were available (Table 1). Overall, ureteral
obstruction persisted in 27% at follow-up. To
observe the natural evolution of ureteral obstruction
after open surgical aneurysm repair per se, we
excluded patients in whom concurrent ureterolysis
was performed during surgery. After exclusion of
this factor, persistent ureteral obstruction after
open surgical aneurysm repair was present in 32%
of patients (Figure 3).
Pooled data from the patients who were treated

with the EVAR procedure are depicted in Tables 3

and 4. The mean age of the patients was 67 years
(range 56–82), with a male predominance (90%). CT
follow-up in patients after the EVAR procedure
(Table 4) showed regression of the peri-aortic mass
in 60% of patients. Complete regression was
observed in 14% of the patients. Pre-operative ure-
teral obstruction was present in 19 of 52 patients
(37%). Ureteral obstruction persisted in 10 of these
patients at follow-up (53%).
Comparison of both study groups showed no dif-

ference between age and sex (Table 5). Overall,
follow-up duration did not differ between groups
(p = 0.22). The number of patients with ureteral
obstruction prior to intervention was also similar
in both study groups. More patients treated with
EVAR received additional corticosteroids than
patients treated with open surgery, but we cannot

Table 1 Characteristics of study patients treated with open surgical aortic aneurysm repair

Author, year [ref] Patients, n Mean age, years
(range)

Male sex, n (%) Ureteral
obstructiona, n (%)

Mean follow-up
months (range)

Plate, 198827 6b 70 (63–78) 4 (80) 4 (50) 7 (6–17)c

Nachbur, 198928 8b 62 (50–77) 7 (100) 8 (100) N/A (4–60)
Stella, 199329 19 65 (38–76) 18 (95) 10 (53) 21 (N/A)c

Nitecki, 199630 29 72 (N/A) 24 (83) 9 (31) 13 (3–51)
Bitsch, 199731 21 64 (47–78) 19 (90) 7 (33) 36 (4–108)
Lacquet, 199733 110b 67 (49–84) 101 (92) 23 (21) 54 (6–180)
Koch, 199832 49 65 (28–92) 46 (94) N/A 30 (N/A)
Von Fritchen, 199935 42 71 (N/A) 40 (95) 9 (21) 36 (10–91)c

Dimakakos, 199934 15 66 (58–78) 15 (100) 3 (20) N/A (4–120)
Speziale, 200136 14b 66 (58–72) 10 (77) 14 (100) 48 (3–60)
Pistolese, 200237 21 66 (49–76) 19 (90) 5 (24) 10 (4–18)
Arroyo, 200338 52 66 (53–76) 10 (91) 11 (21) 55 (12–96)
Ockert, 200639 40 67 (51–86) 38 (96) N/A 32 (N/A)
Overall 426 67 (28–92) 351 (82) 103 (31) 35 (3–120)

N/A, not applicable or not available.
aNo. of patients (percentage) with pre-operative uni- or bilateral ureteral obstruction due to peri-aortic fibrosis.
bSome patients received additional corticosteroids (Plate, n = 1; Nachbur, n = 2; Lacquet, n = 1; Speziale, n = 1).
cValues are median and range.

Table 2 Evolution of peri-aortic fibrosis after open surgical aortic aneurysm repair in study patients with CT follow-up

Author, year [ref] Patients with CT
follow-up, n

CT findings

CR, n (%) PR, n (%) NR, n (%)

Plate, 198827 5 5 (100) 0 (0) 0 (0)
Nachbur, 198928 7 4 (57) 3 (43) 0 (0)
Stella, 199329 19 9 (47) 4 (21) 6 (32)
Nitecki, 199630 19 10 (53) 9 (47) 0 (0)
Bitsch, 199731 21 6 (29) 12 (57) 3 (14)
Koch, 199832 49 42 (85) 5 (11) 2 (4)
Von Fritchen, 199935 26 6 (23) 9 (35) 11 (42)a

Dimakakos, 199934 10 7 (70) 3 (30) 0 (0)
Speziale, 200136 12 6 (50) 3 (25) 3 (25)a

Pistolese, 200237 21 5 (24) 14 (67) 2 (9)
Ockert, 200639 19 9 (47) 8 (42) 2 (11)
Overall 208 109 (52) 70 (34) 29 (14)

CT, computed tomographic; CR, complete regression; PR, partial regression; NR, no regression.
aProgressive fibrosis was observed in some of these patients (von Fritchen, n = 1; Speziale, no. of patients not
specified).
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ascertain if such data were actively searched for by
all authors (Tables 1 and 3). Comparison of CT
follow-up data shows that regression of the peri-
aortic mass not only occurs more frequently after
open surgical aneurysm repair compared to
EVAR, but also to a greater extent (Table 5).
Although rare, progression of the peri-aortic mass
is also observed in some patients after both proce-

dures (Table 2 and 4). Overall, the number of
patients with persistent ureteral obstruction at
follow-up was lower in patients treated surgically
compared to patients treated with EVAR
(Table 5). After exclusion of patients in whom con-
current ureterolysis was performed during or shortly
after intervention (open surgery, n = 34; EVAR,
n = 1), this difference remained, albeit not statisti-
cally significant (Table 5).
Few data were available on the evolution of clini-

cal signs and symptoms of chronic peri-aortitis after
aneurysm repair. Pooled data from four studies
reporting on the short-term evolution of pain after
open surgical aneurysm repair27,29,30,35 suggest that
pain subsides in the majority of patients (patients
with abdominal, back and/or flank pain: pre-
operative 67/96 [70%] vs postoperative follow-up
6/94 [6%]; p < 0.0001). Similarly, pooled data from
three studies27–29 suggest that the ESR normalizes in
the majority of patients after open surgical aneu-
rysm repair (patients with raised ESR: pre-
operative 25/33 [75%] vs postoperative follow-up
6/32 [19%]; p < 0.001). Pooled data from three
studies27,30,36 showed persistently impaired renal
function in a significant number of patients (pre-
operative 34/49 [69%] vs postoperative follow-up
30/44 [68%]; p = 1.0). Lack of data on the evolution
of clinical signs and symptoms after the EVAR pro-
cedure precludes the performance of similar
exploration.

Discussion

The present cases illustrate the sometimes recurring
or ongoing inflammatory process in patients with
chronic peri-aortitis despite aneurysm exclusion.
Our systematic review of the literature indicates
that in terms of regression of peri-aortic fibrosis,
surgical aneurysm repair is superior to EVAR.
However, persistent peri-aortic fibrosis occurs in
14% of patients treated with open surgical aneurysm

Figure 3 Depiction of the number of patients with pre-
operative ureteral obstruction in whom ureteral obstruc-
tion did not resolve after open surgical aneurysm exclu-
sion per se (i.e. without concurrent ureterolysis). Data
from refs 27–31,33–38.

Table 3 Characteristics of study patients treated with endovascular aortic aneurysm repair

Author, year [ref] Patients, n Mean age, years
(range)

Male sex, n
(%)

Ureteral
obstructiona, n
(%)

Mean follow-up
months (range)

Vallabhaneni, 200140 6b 66 (56–76) 5 (83) 2 (33) 19 (6–36)
Hinchliffe, 200241 11b 69 (60–78) 11 (100) 6 (55) 29 (11–73)
Faizer, 200544 6 67 (58–77) 5 (83) 1 (17) 25 (4–56)
Lange, 200545 11 66 ± 10.1 (SD) 10 (91) 5 (45) N/A
Hechelhammer, 200543 10b 64 (57–80) 8 (80) 3 (30) 33 (13–59)
Puchner, 200642 8 69 (55–82) 8 (100) 2 (25) 24 (1–109)
Overall 52 67 (56–82) 47 (90) 19 (37) 26 (1–109)

SD, standard deviation; N/A, not applicable or not available.
aNo. of patients (percentage) with pre-operative uni- or bilateral ureteral obstruction due to peri-aortic fibrosis.
bSome patients received additional corticosteroids (Vallabhaneni, n = 2; Hinchliffe, n = 1; Hechelhammer, n = 4).
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repair. After the EVAR procedure, up to 40% of
patients will not develop regression of peri-aortic
fibrosis. There is a time-dependent regression of
peri-aortic fibrosis after aneurysm exclusion, usu-
ally requiring at least 4–6 months, and the regres-
sion rate may be slow but persistent.27,30,31 Better
results with open surgery cannot be readily
explained by a longer follow-up duration. To what
extent the use of additional corticosteroids in some
patients contributed to outcomes of interest is
unclear. Although rare, de novo peri-aortic fibrosis
has been observed after EVAR.36 Endovascular
grafts provoke a foreign body reaction. Therefore,
persistence or de novo development may relate to
this added stimulus.17

Although not our primary outcome of interest
and based on few data, the present study suggests
that in the majority of patients treated with open
surgery pain will subside and ESR values will nor-
malize. However, signs and symptoms may recur or
gradually worsen and may develop unrecognized, as

illustrated in our cases. It is unknown whether the
(sequential) measurement of ESR or CRP is of any
value in the diagnosis and follow-up of chronic
peri-aortitis. Therefore, additional nuclear imaging
with 67Ga-scintigraphy or 18F-fluorodeoxyglucose
positron emission tomography (18F-FDG PET)
may not only help in establishing (recurrent) active
disease, but may also be the only follow-up param-
eter in monitoring treatment response.46,47 If more
widely available and less costly, combined 18F-FDG
PET-CT scanning may become the most appropri-
ate imaging modality in chronic peri-aortitis.
Persistent ureteral obstruction occurred more

frequently after EVAR than after open surgical
aneurysm exclusion. Although sometimes advo-
cated,29,31 performing routine ureterolysis during
open surgery seems less obvious as we found that
ureteral obstruction subsides in the majority of
patients following surgical aneurysm exclusion per
se. In addition, extensive ureteral dissection has
been associated with short and long-term morbidity

Table 4 Evolution of peri-aortic fibrosis and ureteral obstruction after endovascular aortic aneurysm repair in study
patients

Author, year [ref] CT findings Persistent ureteral
obstructiona, n (%)

CR, n (%) PR, n (%) NR, n (%)

Vallabhaneni, 200140 0 (0) 0 (0) 6 (100)b 1/2 (50)
Hinchliffe, 200241 2 (18) 3 (27) 6 (55) 5/6 (83)
Faizer, 200544 0 (0) 6 (100) 0 (0) 0/1 (0)
Lange, 200545 0 (0) 6 (55) 5 (45)b 3/5 (60)c

Hechelhammer, 200543 2 (20) 7 (70) 1 (10) 0/3 (0)
Puchner, 200642 3 (38) 2 (24) 3 (38) 1/2 (50)
Overall 7 (14) 24 (46) 21 (40) 10/19 (56)

CT, computed tomographic; CR, complete regression; PR, partial regression; NR, no regression.
aNo. of patients (percentage) with persistent uni- or bilateral ureteral obstruction at follow-up.
bProgressive fibrosis was observed in some patients in these series (Vallabhaneni, n = 2; Lange, number of patients not
specified).
cUreterolysis was performed in one patient post-EVAR (endovascular aortic aneurysm repair).

Table 5 Comparison of the evolution of peri-aortic fibrosis (PAF) and ureteral obstruction after open surgical or
endovascular aortic aneurysm repair in study patients

Variable Open surgical
aneurysm repair

Endovascular
aneurysm repair
(EVAR)

p-valuea

Clinical characteristics
Mean age, years (range) 67 (28–92) 67 (56–80) 0.79
Male sex, n (%) 351/426 (82) 47/52 (90) 0.17
Ureteral obstruction, n (%) 103/337 (31) 19/52 (37) 0.42

Outcome
Regression of PAF, n (%) 179/208 (86) 31/52 (60) <0.0001
Complete regression, n (%) 109/208 (52) 7/52 (14) <0.0001
Persistent ureteral obstruction, n (%)

All patients with follow-up 25/97 (27) 10/19 (53) 0.02
Patients without ureterolysisb 20/63 (32) 10/18 (56) 0.09

aMann–Whitney test or Fisher exact test, where appropriate.
bPatients in whom concurrent ureterolysis was performed during or shortly after aneurysm repair were excluded from
this analysis (open surgery, n = 34; EVAR, n = 1).
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(e.g. avascular necrosis or fibrosis of the ureter) and
mortality.29,33,48 Nevertheless, prolonged ureteral
obstruction may add to chronic renal failure due
to obstructive nephropathy superimposed on often
pre-existing ischaemic nephropathy. Indeed, renal
atrophy is a frequent finding upon repeated radio-
logic investigation in patients with RPF compli-
cated by ureteral obstruction.30,49 Our observation
of persistently impaired renal function in 68% of
patients following surgery in the present study sub-
stantiates this point. The above findings justify the
question of whether (urgent) renal drainage through
percutaneous nephrostomy (PNS) and/or ureteral
stenting combined with medical treatment should
be performed prior to planning the surgical proce-
dure in cases with severe and/or bilateral ureteral
obstruction.
Repairing AAAs smaller than 55 mm has not

been shown to improve survival.1,50 Therefore, pri-
mary medical treatment, when needed with renal
drainage, is probably the best option in cases with
no urgent operation indication. Primary medical
treatment may also be preferred in cases of severe
inflammation, bilateral ureteral obstruction and/or
in the presence of a large peri-aortic mass, thereby
achieving symptomatic relief and facilitating other-
wise more difficult surgical procedures.6,51–57 In
other cases, medical treatment should probably be
withheld until close follow-up after the intervention
shows on-going inflammation, thereby taking into
account the time-dependent regression of fibrosis.
However, given the risk of irreversible obstructive
nephropathy, we suggest earlier consideration of
renal drainage in such cases, thereby recognizing
the possible early and late complications of PNS
or ureteral stenting, notably the increased risk of
urinary infection and bacteremia which could lead
to prosthesis infection.58,59 Although rare, long-
term indwelling ureteral stents in patients with an
endovascular stent or prosthesis in situ have been
associated with ureteral leak due to pressure necro-
sis and uretero-arterial fistila formation.60–62 PNS
may therefore be the preferred drainage procedure.
Irrespective of the urological procedure, close clini-
cal and radiological follow-up is mandatory in these
patients.
At least in the short and mid-term, the recently

developed EVAR procedure seems to have equally
good results as the long-established technique of
open surgical aneurysm repair in terms of rupture
prevention, which is usually considered the best
marker of successful treatment of both inflammatory
and non-inflammatory aortic aneurysms.1,10,12,63 In
atherosclerotic aortic aneurysm, EVAR is associated
with lower operative mortality than open
surgery.1,10,12,63 In a controlled trial, 5-year survival
was similar for EVAR compared to open surgery,
but with less morbidity despite the need for late

reinterventions.11 Early mortality rate with open sur-
gery in inflammatory aneurysm is slightly higher
than in atherosclerotic aneurysm and ranges from
6.8% to 11%.20–23,30,33,39 Early mortality rate in
inflammatory aneurysm with EVAR appears low
and similar to that reported with EVAR in athero-
sclerotic aneurysm (1.9% vs 1.8%).45,64 Although
these data need to be confirmed, EVAR seems asso-
ciated with a lower early mortality than open surgery
in inflammatory aneurysm.
However, regression of peri-aortic fibrosis and

resolution of ureteral obstruction in patients with
inflammatory aortic aneurysms should also be con-
sidered important treatment goals. Indeed, postop-
erative persisting fibrosis with ureteral entrapment
and postoperative chronic renal failure were
recently shown to be independent risk factors for
death.24 Hence, the debate as to whether EVAR
should be considered a safer option in (selected)
patients with peri-aneurysmal fibrosis as opposed
to open surgery should include the less satisfactory
results in terms of peri-aortic mass regression and
resolution of ureteral obstruction. Therefore, addi-
tional medical treatment may need to be considered
at an earlier stage with EVAR than with open surgi-
cal aneurysm repair, in which a ‘wait and see’ policy
after surgery seems justified in cases without exten-
sive disease.
It has long been recognized that treatment with

corticosteroids may facilitate successful resection
of an inflammatory aneurysm in patients who
were initially considered unfit for surgery.2,6,50–57
Despite these early reports, no (controlled) studies
exist on the role of steroids and/or other medical
therapy in addition to aneurysm exclusion. Steroids
act through reduction of inflammation and oedema,
inhibition of fibroblastic proliferation, and
immunosuppression.3,49 Although steroids do not
reverse established fibrosis, further fibroblastic pro-
liferation may be slowed and symptomatology
reversed. The use of corticosteroids is not without
hazard. As a lower rupture rate is reported for
inflammatory compared with non-inflammatory
aneurysms, some assume that peri-aortic fibrosis
actually protects against rupture.10,41 In rare cases,
actual rupture follows shortly after commencing
corticosteroid treatment.6,65 Therefore, if corticoste-
roid therapy is initiated, patients should be carefully
followed and if signs of impending rupture such as
increasing size or aortic wall thinning are demon-
strated, surgical aneurysm repair should be
undertaken.6,52,65 Another consideration is the
increased risk of postoperative morbidity with pro-
longed corticosteroid use, notably through
increased risk of infection and depressed wound
healing. In addition, its long-term use is associated
with accelerated atherosclerosis and an increased
risk of cardiovascular death.66
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If (additional) medical treatment is considered, we
prefer tamoxifen in patients with aneurysmal chronic
peri-aortitis.67 Contrary to corticosteroids, tamoxifen
does not appear to have significant side effects which
could complicate surgery and it may even have signif-
icant long-term cardioprotective effects.68,69 The
pathophysiologic pathway by which tamoxifen exerts
its effects in chronic peri-aortitis is unknown but is
probably hormonal-independent.67 Tamoxifen may
alter the balance of growth factors such that fibro-
blast proliferation is inhibited.67 The anti-oestrogen
tamoxifen may also act as anti-inflammatory/
immunosuppressive therapy, which would explain
the observed decrease in acute-phase reactants and
disappearance of pathologic Ga67 activity.46,67 Its
anti-oxidant and anti-angiogenic properties may
also contribute to its efficacy.67–69 Experimentally,
tamoxifen has been shown to attenuate development
of AAAs.70 However, as illustrated in case 1, chronic
peri-aortitis may have a chronic-relapsing course and
we do not yet have data on the long-term safety and
efficacy of tamoxifen.
It should be noted that some use the term ‘peri-

aneurysmal fibrosis’, where others use the term
‘inflammatory aneurysm’. It is now clear that it is
not aneurysmal formation per se but the presence of
severe atherosclerosis that is the prerequisite to
develop peri-aortic fibrosis in such patients.2–5 Idio-
pathic RPF and peri-aneurysmal fibrosis share sim-
ilar clinical and histopathological features and are
both thought to result from an exaggerated inflam-
matory response to advanced atherosclerosis.3–5 It is
for these reasons that some prefer the term chronic
peri-aortitis to encompass idiopathic RPF and peri-
aneurysmal fibrosis.2–5 Perhaps most appropriately,
conditions may be referred to as non-aneurysmal
chronic peri-aortitis and aneurysmal chronic peri-
aortitis. The increased incidence of RPF in men
may well be explained by the higher incidence of
symptomatic atherosclerotic disease in men. Some
even suggest that the future of this disorder lies in
the prevention and treatment of atherosclerosis.5
Smoking, a major risk factor for atherosclerotic
AAA, has been shown to be an even stronger risk
factor for the inflammatory variant.1,30 Cessation of
smoking should therefore be strongly encouraged in
all cases of chronic peri-aortitis.1,30
In conclusion, open surgical aneurysm exclusion

is superior to EVAR in achieving regression of peri-
aortic fibrosis and resolution of ureteral obstruction
in patients with aneurysmal chronic peri-aortitis.
After excluding patients in whom concurrent ureter-
olysis was performed, the frequency of persistent
ureteral obstruction remained lower in patients trea-
ted surgically compared to EVAR but was still rele-
vant. Additional medical treatment, combined with
renal drainage when needed, should be considered
in selected cases of aneurysmal chronic peri-aortitis,

particularly when severe and/or bilateral ureteral
obstruction and/or a large peri-aortic mass is
(remains) present. This decision should probably
also depend on the type of procedure (i.e. earlier
with EVAR than with open surgery).
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