© 2023 THE AUTHORS The Journal of Cardiovascular Surgery 2023 Nov 30
Open access at https://www.minervamedica.it DOI: 10.23736/S0021-9509.23.12809-6

GUIDELINES
VASCULAR SECTION

Guidelines on the diagnosis, treatment and management
of visceral and renal arteries aneurysms: a joint assessment
by the Italian Societies of Vascular and Endovascular Surgery
(SICVE) and Medical and Interventional Radiology (SIRM)

Carlo PRATESI !, Davide ESPOSITO ! *, Romeo MARTINI 2, Claudio NOVALI 3,
Augusto ZANINELLI 4, Antonio L. ANNESE 5, Paolo BAGGI 6, Raffaello BELLOSTA 7,
Claudio BIANCHINI MASSONI 8, Stefano BONARDELLI 6, Serena CARRIERO 9,

Rosa CERVELLI 19, Emiliano CHISCI !!, Roberto CIONI !9, Fabio CORVINO 12, Francesco DE COBELLI 13,
Fabrizio FANELLI 5, Aaron T. FARGION !, Marco FEMIA !4, Antonio FREYRIE 8, Andrea GAGGIANO 15,
Enrico GALLITTO 16, Stefano GENNAI 7, Emanuela GIAMPALMA 18, Francesco GIURAZZA 12,
Franco GREGO 19, Giorgia GUAZZAROTTI 13, Anna M. IERARDI 9, Andrea L. KAHLBERG 20,
Daniele MASCIA 20, Luca MEZZETTO 2!, Stefano MICHELAGNOLI !!, Floriana NARDELLI 22, Raffaella NIOLA 12,
Massimo LENTI 23, Orsola PERRONE 10, Filippo PIACENTINO 24, Gabriele PIFFARETTI 25, Raffaele PULLI !,
Gino PUNTEL 26, Giovanni PUPPINI 26, Denis ROSSATO 22, Michele ROSSI 27, Roberto SILINGARDI !7,
Pasqualino SIRIGNANO 28, Francesco SQUIZZATO 19, Marcello A. TIPALDI 27, Massimo VENTURINI 24,
Gian F. VERALDI 2!, Antonio VIZZUSO 18, Sara ALLIEVI 7, Luca ATTISANI 7, Gianluigi FINO 23,
Francesca GHIRARDINI 2, Paola MANZO 15, Mattia MIGLIARI 7, Stephanie STEIDLER 13, Vittorio MIELE 5,
Maurizio TAURINO 28, Massimiliano ORSO 29, Maurizio CARIATI !4 for the Italian Guidelines
for Vascular and Endovascular Surgery Collaborators

IDepartment of Vascular Surgery, Careggi University Hospital, Florence, Italy; 2Department of Angiology, San Martino Hospital,
Belluno, Italy; 3Department of Vascular Surgery, GVM Maria Pia Hospital, Turin, Italy; 4General Medical Practice, Bergamo, Italy;
SDepartment of Diagnostic and Interventional Radiology, Careggi University Hospital, Florence, Italy; ®Department of Vascular Surgery,
ASST Spedali Civili, Brescia, Italy; ’Department of Vascular Surgery, Fondazione Poliambulanza, Brescia, Italy; 8Department of Vascular
Surgery, University Hospital of Parma, Parma, Italy; “Department of Diagnostic and Interventional Radiology, Fondazione IRCCS Ca
Granda Ospedale Maggiore Policlinico, Milan, Italy; 1°Department of Diagnostic and Interventional Radiology, A.O.U. Pisana, Pisa,
Italy; ""Department of Vascular Surgery, S. Giovanni di Dio Hospital, Florence, Italy; 2Department of Diagnostic and Interventional
Radiology, AORN Cardarelli, Naples, Italy; 13Department of Diagnostic and Interventional Radiology, San Raffaele Hospital, Milan,
Italy; “Department of Diagnostic and Interventional Radiology, ASST Santi Paolo e Carlo, Milan, Italy; !SDepartment of Vascular
Surgery, Umberto I Mauriziano Hospital, Turin, Italy; '®Department of Vascular Surgery, S. Orsola-Malpighi University Hospital,
Bologna, Italy; !7Department of Vascular Surgery, Baggiovara Hospital, Modena, Italy; 8Department of Diagnostic and Interventional
Radiology, Morgagni-Pierantoni Hospital, Forli, Italy; 19Department of Vascular Surgery, University Hospital of Padua, Padua, Italy;
20Department of Vascular Surgery, San Raffaele Hospital, Milan, Italy; 2!Department of Vascular Surgery, University Hospital of Verona,
Verona, Italy; 22Department of Diagnostic and Interventional Radiology, Citta della Salute e della Scienza, Turin, Italy; 23Department
of Vascular Surgery, S. Maria della Misericordia Hospital, Perugia, Italy; 24Department of Diagnostic and Interventional Radiology,
Circolo Hospital, Varese, Italy; 25Department of Vascular Surgery, ASST dei Sette Laghi, Varese, Italy; 26Department of Diagnostic
and Interventional Radiology, University Hospital of Verona, Verona, Italy; 27Department of Diagnostic and Interventional Radiology,
Sant’Andrea University Hospital, Rome, Italy; 28Department of Vascular Surgery, Sant’Andrea University Hospital, Rome, Italy;
2]stituto Zooprofilattico Sperimentale dell’Umbria e delle Marche, Perugia, Italy

Members are listed at the end of the paper

*Corresponding author: Davide Esposito, Department of Vascular Surgery, University of Florence, Largo Brambilla 3, 50134 Florence, Italy.
E-mail: davide.esposito@unifi.it

Vol. 64 - No. ?? THE JOURNAL OF CARDIOVASCULAR SURGERY 1



PRATESI

ITALIAN GUIDELINES ON VISCERAL AND RENAL ARTERIES ANEURYSMS

This is an open access article distributed under the terms of the Creative Commons CC BY-NC license which allows users to distribute,
remix, adapt and build upon the manuscript, as long as this is not done for commercial purposes, the user gives appropriate credits to the
original author(s) and the source (with a link to the formal publication through the relevant DOI), provides a link to the license and indicates
if changes were made. Full details on the CC BY-NC 4.0 are available at https://creativecommons.org/licenses/by-nc/4.0/.

ABSTRACT

The objective of these Guidelines is to provide recommendations for the classification, indication, treatment and management of patients suf-
fering from aneurysmal pathology of the visceral and renal arteries. The methodology applied was the GRADE-SIGN version, and followed the
instructions of the AGREE quality of reporting checklist. Clinical questions, structured according to the PICO (Population, Intervention, Com-
parator, Outcome) model, were formulated, and systematic literature reviews were carried out according to them. Selected articles were evalu-
ated through specific methodological checklists. Considered Judgments were compiled for each clinical question in which the characteristics of
the body of available evidence were evaluated in order to establish recommendations. Overall, 79 clinical practice recommendations were pro-
posed. Indications for treatment and therapeutic options were discussed for each arterial district, as well as follow-up and medical management,
in both candidate patients for conservative therapy and patients who underwent treatment. The recommendations provided by these guidelines
simplify and improve decision-making processes and diagnostic-therapeutic pathways of patients with visceral and renal arteries aneurysms.
Their widespread use is recommended.

(Cite this article as: Pratesi C, Esposito D, Martini R, Novali C, Zaninelli A, Annese AL, et al.; for the Italian Guidelines for Vascular and Endo-
vascular Surgery Collaborators. Guidelines on the diagnosis, treatment and management of visceral and renal arteries aneurysms: a joint assessment
by the Italian Societies of Vascular and Endovascular Surgery (SICVE) and Medical and Interventional Radiology (SIRM). J Cardiovasc

Surg 2023 Nov 30. DOI: 10.23736/S0021-9509.23.12809-6)
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hese Guidelines have been accepted by the Italian

National Institute of Health, and published in Italian
language on 28t of April 2023 on the National Guidelines
System (https://snlg.iss.it/).

Aim of the study was to present Italian Guidelines on
the management of Visceral and Renal arteries Aneurysm
disease, developed in accordance with the instructions of
the National Guidelines System (SNLG) Methodological
Manual, and approved by the Italian National Institute of
Health.

The main objective of these Guidelines is to provide the
correct diagnostic and therapeutic pathway, to be shared
between doctor and patient, to guide and optimize the di-
agnostic and treatment decisions.

The methodology applied in these Guidelines is the
GRADE-SIGN version,! also referring to the methodologi-
cal indications contained in the Procedures for the sub-
mission and evaluation of Guidelines for publication in
the SNLG - Operational Manual? and the Methodological
Manual for the production of clinical practice guidelines,3
by the National Center for Clinical Excellence, Quality and
Safety of Care (CNEC). The Guidelines were developed ac-
cording to the AGREE quality of reporting checklist* and,
once completed, were assessed using the AGREE II tool.5

The multidisciplinary panel included the following spe-
cializations: vascular surgery, interventional radiology,
angiology, and general medicine. In addition to the Italian
Society of Vascular and Endovascular Surgery (SICVE)
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and the Italian Society of Medical and Interventional
Radiology (SIRM), which were the proposing societies,
the Italian Society of Angiology and Vascular Pathology
(SIAPAV) and the Italian Interdisciplinary Society for
Primary Care (SIICP) were involved from the production
of these Guidelines. The Guidelines were also evaluated
in terms of applicability for the patient by the Vascular
Patients Association Titoccotoccati, which shared and
approved all the proposed recommendations. Guidelines
were built in accordance with the same methodology ad-
opted for the development of previously published official
national guidelines.® 7 The systematic review processes
and the interpretation of selected evidence to build rec-
ommendations are available in the Supplementary Digital
Material 1 (Supplementary Table I-XIII, Supplementary
Figure 1-22, Supplementary Text File 1).

Diagnosis and screening
PICO 1.1 Clinical question

In patients with suspected aneurysm/pseudoaneurysm of
visceral or renal artery, is computed tomography (CT) an-
giography more accurate than other modalities for the di-
agnosis and indication for treatment?

Recommendations$-13

In patients with suspected aneurysm/pseudoaneurysm of
the visceral or renal artery, CT angiography is suggested
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as the preferred imaging modality for the diagnosis and
indication for treatment, in both urgent and elective cases.
Good Practice Point (GPP) recommendation.

PICO 1.2 Clinical question

Should patients diagnosed with visceral or renal artery an-
eurysms be screened with additional imaging to look for
potential concomitant aneurysms in different locations to
prevent complications, instead of forgoing further diag-
nostic examinations?

Recommendation

In patients diagnosed with visceral or renal artery aneu-
rysms, careful evaluation of radiological images is sug-
gested to assess the presence of concurrent aneurysms in
the examined regions.

Good Practice Point (GPP) recommendation.

PICO 1.3 Clinical question

Should patients with visceral or renal artery aneurysms be
screened for associated underlying pathologies?

Recommendation

In patients with visceral or renal artery aneurysms, screen-

ing for associated underlying pathologies is suggested,

such as fibromuscular dysplasia tests and ultrasound ex-

amination for concomitant popliteal artery aneurysms.!4 15
Good Practice Point (GPP) recommendation.

Indications and treatment options:
renal artery aneurysms

PICO 2.1.1 Clinical question

In a patient with an aneurysm/pseudoaneurysm of the re-
nal arteries, when is it justified to propose a surgical/endo-
vascular treatment compared to medical therapy/follow-up
alone to improve the outcome?

Recommendations16-23

In case of renal artery aneurysm with a diameter greater
than or equal to 3 cm and with acceptable operative risk,
elective repair is recommended.

Strong recommendation for (level of evidence 2++).

The treatment of a renal artery aneurysm with a di-
ameter of less than 3 cm is suggested in the following
cases: distal location, saccular morphology, and rapid
growth.
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Good Practice Point (GPP) recommendation.

It is suggested to treat renal artery pseudoaneurysms re-
gardless of size, due to the high risk of rupture.

Good Practice Point (GPP) recommendation.

In the patient with symptomatic renal artery aneurysm/
pseudoaneurysm, urgent intervention is recommended re-
gardless of the size of the aneurysm.

Strong recommendation for (level of evidence 2++).

Emergency repair is recommended in case of ruptured
renal artery aneurysm/pseudoaneurysm.

Strong recommendation for (level of evidence 2++).

In patients of childbearing age with renal artery aneu-
rysm and with acceptable operative risk, treatment is sug-
gested even in the case of diameters of less than 3 cm, tak-
ing into account the specific peculiarities of the individual
case.

Good Practice Point (GPP) recommendation.

PICO 2.1.2 Clinical question

Which intervention/procedure is preferable in terms of
outcome in patients with renal artery aneurysm/pseudoa-
neurysm?

Recommendations!6, 17 24-30

In elective patients with an aneurysm/pseudoancurysm
of the renal artery and acceptable operative risk, consider
open surgical treatment.

Conditional recommendation for (level of evidence 2++).

It is suggested to consider ex-vivo repair with autotrans-
plant rather than nephrectomy in case of distal renal artery
aneurysms.

Good Practice Point (GPP) recommendation.

In case of aneurysm/pseudoaneurysm of renal artery
main branch, consider an endovascular approach with
stent placement if the anatomy is judged favorable and lo-
gistically achievable. Consider endovascular embolization
of a distal branch aneurysm in patients judged at high risk
for the open repair.

Conditional recommendation for (level of evidence 2++).

Indications and treatment options:
splenic artery aneurysms

PICO 2.2.1 Clinical question

When is it justified to propose surgical/endovascular treat-
ment, compared with medical therapy/follow-up alone, to
improve the outcomes of patients with a splenic artery an-
eurysm/pseudoaneurysm?
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Recommendations!6, 31-57

Emergency treatment is recommended in case of ruptured
splenic artery aneurysms/pseudoaneurysms.

Strong recommendation for (level of evidence 2+).

Emergency treatment is recommended in case of symp-
tomatic splenic artery aneurysms/pseudoaneurysms re-
gardless of size, due to the high risk of rupture.

Strong recommendation for (level of evidence 2+).

The treatment of splenic artery pseudoaneurysms is rec-
ommended as soon as possible, regardless of size, due to
the high risk of rupture.

Strong recommendation for (level of evidence 2+).

In cases of splenic artery aneurysms greater than or
equal to 3 c¢cm in diameter, elective treatment is recom-
mended, unless major contraindications exist.

Strong recommendation for (level of evidence 2+).

Consider elective treatment in case of splenic artery an-
eurysms ranging from 2 to 3 cm in diameter, unless major
contraindications exist.

Conditional recommendation for (level of evidence 3).

Surveillance of true splenic artery aneurysms is sug-
gested in case of: 1) less than 3 cm in diameter, 2) demon-
strated dimensional stability, 3) significant comorbidities,
4) limited life expectancy.

Good Practice Point (GPP) recommendation.

In case of splenic artery aneurysms less than 2 cm in
diameter, elective treatment is suggested in case of dem-
onstrated and rapid volumetric growth, unless major con-
traindications exist.

Good Practice Point (GPP) recommendation.

In case of splenic artery aneurysm in liver transplant pa-
tient or patients with portal hypertension, consider treatment
regardless of size, unless major contraindications exist.

Conditional recommendation for (level of evidence 3).

In case of splenic artery aneurysm in women of child-
bearing age, treatment is suggested if there is demonstrated
and rapid volumetric growth and regardless of size, unless
major contraindications exist.

Good Practice Point (GPP) recommendation.

PICO 2.2.2 Clinical question

In a patient with a splenic artery aneurysm/pseudoaneu-
rysm, which intervention/procedure should be carried out
in order to obtain better outcomes?

Recommendations3!, 41-43, 52, 53, 55, 58-71

In the emergency setting, it is recommended to choose the
type of treatment (surgical versus endovascular) for rup-
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tured splenic artery aneurysm/pseudoaneurysm on the ba-
sis of its feasibility.

Strong recommendation for (level of evidence 2+).

In the elective setting, it is recommended to choose the
type of treatment (surgical versus endovascular) for splenic
artery aneurysms/pseudoaneurysms on the basis of clinical,
anatomical, multidisciplinary, and logistic assessments.

Strong recommendation for (level of evidence 2+).

Whenever possible, based on clinical, anatomical,
multidisciplinary, and logistic assessments, it is suggest-
ed to prefer the endovascular treatment over a surgical
solution, because of its less invasiveness, fewer compli-
cations, cost-effectiveness.

Good Practice Point (GPP) recommendation.

Whenever possible, based on clinical, anatomical,
multidisciplinary, and logistic assessments, it is sug-
gested to prefer the surgical treatment over endovascular
solutions in cases of giant aneurysms (more than 5 cm in
diameter) causing compressive effects.

Good Practice Point (GPP) recommendation.

Indications and treatment options:
celiac artery aneurysms

PICO 2.3.1 Clinical question

In patients with celiac artery aneurysm/pseudoaneurysm,
when is surgical and/or endovascular intervention indi-
cated against medical therapy alone to reduce the risk of
rupture?

Recommendations16, 38, 72-94

In cases of celiac artery aneurysm, treatment is recom-
mended regardless of size, if ruptured (in emergency) or
symptomatic (in urgency).

Strong recommendation for (level of evidence 2-).

In cases of non-ruptured pseudoaneurysm of the celiac
artery, treatment is recommended regardless of size, in pa-
tients with acceptable surgical risk.

Strong recommendation for (level of evidence 2-).

In cases of non-ruptured aneurysm of the celiac artery,
treatment is recommended when size/diameter is greater
than or equal to 2 cm, in patients with acceptable surgical
risk.

Strong recommendation for (level of evidence 2+).

Consider treatment of non-ruptured celiac artery aneu-
rysms less than 2 cm in size in cases of: non-atherosclerot-
ic etiology, cases with documented rapid growth, patients
in whom hepatic transplantation is planned.
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Conditional recommendation for (level of evidence 3).

In cases of celiac artery aneurysm in pregnant women/
women of childbearing age, treatment is suggested regard-
less of size for non-atherosclerotic aneurysms, cases with
documented rapid growth, patients in whom hepatic trans-
plantation is planned.

Good Practice Point (GPP) recommendation.

PICO 2.3.2 Clinical question

In patients with celiac artery aneurysm/pseudoaneurysm,
with an indication for intervention, is endovascular treatment
more suitable than open surgery to improve clinical success?

Recommendations?: 16, 72-77, 79-90, 93-104

In patients with celiac artery aneurysm and favorable anat-
omy, the endovascular intervention is recommended as the
first-choice treatment modality.

Strong recommendation for (level of evidence 2-).

In patients with indication for treatment of celiac artery
aneurysm, revascularization (stenting, bypass or direct re-
implant) is recommended over vessel occlusion (emboli-
zation or ligature).

Strong recommendation for (level of evidence 2-).

In patients with indication for endovascular revascular-
ization, consider preserving the hepatic artery rather than
the splenic artery, particularly when collateral circulation
is not adequate.

Conditional recommendation for (level of evidence 3).

A preoperative selective angiography is suggested to
verify adequate collateral circulation, particularly when
vessel occlusion might be necessary.

Good Practice Point (GPP) recommendation.

Indications and treatment options:
gastropancreaticoduodenal arteries aneurysms

PICO 2.4.1 Clinical question

In patients with aneurysms of the gastropancreaticoduode-
nal arteries, when is it justified to propose a surgical/endo-
vascular treatment rather than medical therapy/follow-up
alone to improve the outcomes?

Recommendation!05-108

In case of asymptomatic gastropancreaticoduodenal an-
eurysm, the elective repair is recommended regardless of
size.

Strong recommendation for (level of evidence 2++).
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PICO 2.4.2 Clinical question

In patients with aneurysms of the gastropancreaticoduode-
nal arteries, which intervention/procedure is preferable in
terms of outcomes?

Recommendations!6, 105-109

In patients with gastropancreaticoduodenal aneurysms, the
endovascular approach is recommended, both in the elec-
tive and urgent settings, as the first-choice option in the
presence of a favorable anatomy.

Strong recommendation for (level of evidence 2++).

In patients with a gastropancreaticoduodenal aneurysm
associated with steno-occlusion of the coeliac artery, the
revascularisation of the latter might not be considered.

Conditional recommendation against (level of evi-
dence 3).

In patients with gastropancreaticoduodenal aneurysms
and steno-occlusion of the coeliac artery with associated ob-
structive lesions of the superior and inferior mesenteric ar-
tery, the revascularisation of the coeliac artery is suggested.

Good Practice Point (GPP) recommendation.

PICO 2.4.3 Clinical question

In patients with pseudoaneurysms of the gastropancreati-
coduodenal arteries, when is it justified to propose a sur-
gical/endovascular treatment rather than medical therapy/
follow-up alone to improve the outcomes?

Recommendations109; 110

Emergency treatment is suggested in case of ruptured
pseudoaneurysm of the gastroduodenal artery or pancre-
aticoduodenal arch associated with active bleeding.

Good Practice Point (GPP) recommendation.

Elective treatment is suggested as soon as possible in case
of pseudoaneurysms of the gastroduodenal artery or the pan-
creaticoduodenal arch not associated with ongoing bleeding
and regardless of the size of the pseudoaneurysm itself.

Good Practice Point (GPP) recommendation.

PICO 2.4.4 Clinical question

In patients with pseudoaneurysms of the gastropancreati-
coduodenal arteries, which intervention/procedure is pref-
erable in terms of outcomes?

Recommendations109-116

It is suggested to choose the type of emergency treatment
(open or endovascular) of ruptured pseudoaneurysms of
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the gastroduodenal or pancreaticoduodenal artery based
on clinical and anatomical evaluations, preferring endo-
vascular solutions whenever possible.

Good Practice Point (GPP) recommendation.

It is suggested to choose the type of elective treat-
ment (open or endovascular) of pseudoaneurysms of the
gastroduodenal or pancreaticoduodenal artery based on
clinical, anatomical, multidisciplinary, and logistic eval-
uations.

Good Practice Point (GPP) recommendation.

Indications and treatment options:
hepatic artery aneurysms

PICO 2.5.1 Clinical question

In patients with aneurysms/pseudoaneurysms of the he-
patic artery, when is it justified to propose a surgical/endo-
vascular treatment rather than medical therapy/follow-up
alone to improve the outcomes?

Recommendations33; 38,76, 98, 117-122

Emergency treatment is recommended in case of ruptured
hepatic artery aneurysms/pseudoaneurysms. In case of
symptomatic hepatic artery aneurysms, treatment is rec-
ommended in an urgent setting regardless of size.

Strong recommendation for (level of evidence 2+).

It is recommended to treat hepatic artery pseudoaneu-
rysms as soon as possible, due to high rupture rates and
mortality risk.

Strong recommendation for (level of evidence 2+).

Consider treatment in case of asymptomatic patients
with hepatic artery aneurysms greater than 2 cm in diam-
eter or demonstrated high increasing rates (0.5 cm/year),
taking into account patients’ comorbidities and life expec-
tancy.

Conditional recommendation for (level of evidence 2-).

Consider treatment of hepatic artery aneurysms with
diameters inferior to 2 ¢cm in case of aneurysms of non-
atherosclerotic origin or patients suffering from systemic
pathology as vasculitis or collagen diseases, given a higher
propensity for rupture.

Conditional recommendation for (level of evidence 2+).

PICO 2.5.2 Clinical question

In patients with an aneurysm/pseudoaneurysm of the he-
patic artery, which intervention/procedure is preferable in
terms of outcomes?
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Recommendation16; 123

Consider an endovascular-first approach in patients with
hepatic artery aneurysms/pseudoaneurysms if anatomical-
ly feasible (e.g., the presence of anatomic conditions that
allow the procedure and/or the possibility of maintaining
arterial circulation to the liver).

Conditional recommendation for (level of evidence 2+).

PICO 2.5.3 Clinical question

In patients with extra-hepatic aneurysms/pseudoaneu-
rysms suitable for repair, is it preferable to maintain he-
patic arterial circulation over endovascular vessel ligation/
closure to avoid hepatic necrosis?

Recommendation!6, 123-126

In patients with extra-hepatic aneurysm/pseudoaneurysm,
consider preserving hepatic arterial circulation rather than
vessel ligation/endovascular occlusion to avoid hepatic
Necrosis.

Conditional recommendation for (level of evidence 2++).

PICO 2.5.4 Clinical question

In patients with intra-hepatic aneurysms/pseudoaneu-
rysms suitable for repair, is it preferable the endovascular
treatment over surgical lobe resection to preserve hepatic
function?

Recommendations!6, 127

In patients with intra-hepatic aneurysms/pseudoaneurysms
consider the endovascular embolization of the affected ar-
terial branch.

Conditional recommendation for (level of evidence 2++).

Consider lobe surgical resection in patients with giant
intra-hepatic aneurysms/pseudoaneurysms (involving a
whole segment or lobe), in order to avoid possible hepatic
necrosis secondary to an endovascular approach.

Conditional recommendation for (level of evidence 2++).

Indications and treatment options:
mesenteric arteries aneurysms

PICO 2.6.1 Clinical question

In patients with a mesenteric artery aneurysm/pseudoan-
eurysm, when is it justified to propose surgical/endovas-
cular treatment compared to medical therapy/follow-up
alone to improve the outcomes?
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Recommendations!28-134

Treatment is recommended for asymptomatic true mesen-
teric artery aneurysms with a diameter greater than 20 mm.
Strong recommendation for (level of evidence 2+).
Treatment is recommended in an urgent setting for symp-
tomatic true mesenteric artery aneurysms, and in an emer-
gent setting for ruptured true mesenteric artery aneurysms.
Strong recommendation for (level of evidence 2+).
Treatment is recommended regardless of size in case of
mycotic and dissecting mesenteric artery aneurysms, as
well as pseudoaneurysms.
Strong recommendation for (level of evidence 2+).

PICO 2.6.2 Clinical question

In patients with a mesenteric artery aneurysm/pseudoa-
neurysm, which intervention/procedure is preferable in
terms of outcomes?

Recommendations!6: 92, 127, 130, 131, 134-143

When technically feasible, the endovascular intervention
is indicated rather than open surgery.

Strong recommendation for (level of evidence 2++).

It is suggested to leave the choice of the specific endo-
vascular technique (bare stent and covered stent, emboli-
zation with coils, or combination of both) to be adopted to
the discretion of the operator.

Good Practice Point (GPP) recommendation.

It is suggested to consider the use of flow-diverter stents
to treat mesenteric artery aneurysms in selected cases.

Good Practice Point (GPP) recommendation.

Open surgery is suggested in case of unfavorable anato-
my or failure of endovascular treatment.

Good Practice Point (GPP) recommendation.

In case of open surgery, consider intervention strategies
that maintain the patency of the superior mesenteric artery
and its branches (graft, bypass, etc.) rather than its ligation.

Conditional recommendation for (level of evidence 3).

Open surgery is suggested in case of mycotic mesen-
teric artery aneurysms.

Good Practice Point (GPP) recommendation.

Indications and treatment options: jejunal,
ileal and colic arteries aneurysms
PICO 2.7.1 Clinical question

In a patient with an aneurysm/pseudoaneurysm of the je-
junal, ileal or colic artery, when is surgical/endovascular
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treatment indicated versus medical therapy or watchful
waiting to improve outcome?

Recommendation!44-149

In the patient with aneurysm/pseudoaneurysm of the je-
junal, ileal and colic arteries, it is suggested to propose
a surgical/endovascular treatment in case of: all cases of
colic aneurysms (ruptured, symptomatic and asymptom-
atic); jejunal or ileal aneurysms if ruptured or symptomatic
or with a maximum diameter greater than 2 cm.

Good Practice Point (GPP) recommendation.

PICO 2.7.2 Clinical question

In a patient with an aneurysm/pseudoaneurysm of the je-
junal, ileal or colic artery, which intervention/procedure is
preferable in terms of outcome?

Recommendation144, 146

In patient with aneurysm/pseudoaneurysm of the jejunal,
ileal or colic artery, an endovascular procedure is prefer-
able to the surgical one both in election and in urgency/
emergency setting, due to lower invasiveness and fewer
immediate complications.

Good Practice Point (GPP) recommendation.

Indications and treatment options:
isolated hypogastric artery aneurysms

PICO 2.8.1 Clinical question

In patients with an isolated hypogastric artery aneurysm,
when the endovascular/surgical treatment strategy is justi-
fiable, instead of the conservative management/follow-up,
to improve the outcomes?

Recommendations!50-171

Consider elective surgical/endovascular repair in those
patients with asymptomatic isolated hypogastric artery an-
eurysms and acceptable surgical risk and life expectancy
when the diameter is equal to or greater than 3 cm, or in
case of demonstrated rapid growth.

Conditional recommendation for (level of evidence 3).

Emergency treatment is suggested in case of ruptured
isolated hypogastric artery aneurysms.

Good Practice Point (GPP) recommendation.

Consider emergency treatment in case of symptomatic
isolated hypogastric artery aneurysms.

Conditional recommendation for (level of evidence 3).
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PICO 2.8.2 Clinical question

Which is the type of intervention/procedure to be preferred
for patients with isolated hypogastric artery aneurysms?

Recommendati0n153, 156, 157, 168, 169, 171

In case of isolated hypogastric artery aneurysm, when it is
feasible, the endovascular repair is recommended in both
elective and urgent settings as the first option because of
its early and mid-term outcomes.

Strong recommendation for (level of evidence 2++).

Medical therapy and follow-up
PICO 3.1 Clinical question

In patients with visceral or renal artery aneurysms who
underwent corrective open/endovascular treatment, is CT
angiography/magnetic resonance angiography superior to
Doppler ultrasound (DUS) for follow-up surveillance?

Recommendations

In patients who underwent endovascular visceral and/or
renal artery aneurysms treatment, it is suggested to per-
form a control CT angiography within 3 months and sub-
sequently at 12 months from surgery, in order to identify
possible endoleaks or sac volume increase that might lead
to aneurysm rupture. If no complications develop at 12
months, it is suggested to extend follow-up time interval
to 24-36 months.

Good Practice Point (GPP) recommendation.

In patients who underwent open surgical treatment for
visceral and/or renal artery aneurysms, it is suggested to
perform a control CT angiography within 3 months and
subsequently at 12 months from surgery. If no complica-
tions develop at 12 months, no further diagnostic exams
are deemed necessary.

Good Practice Point (GPP) recommendation.

In order to limit ionizing radiation exposure and iodin-
ated contrast medium use in young patients and in patients
with renal insufficiency (grade II-III), it is suggested to
evaluate the use of alternative imaging methods, such
as Magnetic Resonance angiography, DUS, Contrast-
enhanced Ultrasound. In selected cases, non-contrast CT
might be used to monitor aneurysm diameters.

Good Practice Point (GPP) recommendation.

PICO 3.2 Clinical question

In patients with visceral or renal artery aneurysms who
did not undergo corrective treatment, is CT angiogra-
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phy/magnetic resonance angiography superior to Dop-
pler ultrasound (DUS) for aneurysm dimensions sur-
veillance?

Recommendations

In patients with untreated visceral and/or renal artery aneu-
rysms, ultrasound surveillance at 12 months is suggested.
If the aneurysm is not adequately assessable through ultra-
sound, CT angiography/Magnetic Resonance angiography
is suggested. In case of demonstrated volumetric stability
over time, surveillance at 24-36 months is suggested.

Good Practice Point (GPP) recommendation.

In order to limit ionizing radiation exposure and io-
dinated contrast medium use in young patients and in
patients with renal insufficiency (grade II-III), it is sug-
gested to evaluate the use of alternative imaging methods,
such as magnetic resonance angiography, DUS, Contrast-
enhanced ultrasound. In selected cases, non-contrast CT
might be used to monitor aneurysm diameters.

Good Practice Point (GPP) recommendation.

PICO 3.3 Clinical question

In patients with visceral or renal artery aneurysms who did
not undergo corrective treatment, is home medical therapy
optimization indicated, compared to no therapy, to im-
prove outcomes?

Recommendations!72-174

In patients with untreated visceral and/or renal artery an-
eurysms of atherosclerotic nature, it is suggested to treat
modifiable risk factors and optimize medical therapy in ac-
cordance with current guidelines on atherosclerosis.

Good Practice Point (GPP) recommendation.

In patients with untreated visceral and/or renal artery
aneurysms of non-atherosclerotic non-inflammatory na-
ture (degenerative, connective tissue disorders or congeni-
tal diseases), it is suggested to optimize antihypertensive
therapy and stop smoking.

Good Practice Point (GPP) recommendation.

In patients with untreated visceral and/or renal artery
aneurysms associated with connective tissue disorders, it
is suggested to consider antiplatelet therapy.

Good Practice Point (GPP) recommendation.

In patients with an untreated visceral and/or renal artery
inflammatory aneurysm, it is suggested the use of steroids
and/or immunosuppressants to control inflammatory pro-
cesses.

Good Practice Point (GPP) recommendation.
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PICO 3.4 Clinical question

In patients with visceral or renal artery aneurysms who un-
derwent corrective open/endovascular treatment, is home
medical therapy optimization indicated, compared to no
therapy, to improve outcomes?

Recommendations!72-174

In patients who underwent open surgical or endovascular
treatment of visceral and/or renal artery aneurysms of ath-
erosclerotic nature, it is suggested to treat modifiable risk
factors and optimize medical therapy in accordance with
current guidelines on atherosclerosis.

Good Practice Point (GPP) recommendation.

In patients who underwent open surgical or endovascu-
lar treatment of visceral and/or renal artery aneurysms of
non-atherosclerotic non-inflammatory nature (degenera-
tive, connective tissue disorders or congenital diseases),
it is suggested to optimize antihypertensive therapy and
stop smoking.

Good Practice Point (GPP) recommendation.

In patients who underwent endovascular treatment of
non-atherosclerotic non-inflammatory visceral and/or re-
nal artery aneurysms, it is suggested to evaluate the use of
short- or long-term antiplatelet therapy according to the
type of device used.

Good Practice Point (GPP) recommendation.

In patients who underwent open surgical or endovas-
cular treatment of visceral and/or renal artery aneurysms
associated with connective tissue disorders, it is suggested
to consider antiplatelet therapy.

Good Practice Point (GPP) recommendation.

In patients who underwent open surgical or endovascu-
lar treatment of visceral and/or renal artery inflammatory
aneurysms, it is suggested the use of steroids and/or immu-
nosuppressants to control inflammatory processes.

Good Practice Point (GPP) recommendation.

Discussion

Visceral artery aneurysms represent a relatively rare al-
though clinically relevant pathology, with an incidence in
the general population of up to 2%; they present in 22%
of cases as clinical emergencies and 8.5% result in death
80. We found no RCTs evaluating clinical questions rela-
tive to this pathological condition, therefore the present
Guidelines rely mostly on case-series, observational stud-
ies, and systematic reviews with or without meta-analysis
of outcomes. Consequently, the panel did not give a high
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strength to most of the proposed recommendations, due to
the generally low impact of the level of available evidence.

The accurate process of literature screening and selec-
tion made it possible to give 79 recommendations for the
management of visceral and renal artery aneurysm disease.

Starting from the diagnosis, it is clear the superiority of
CT angiography compared to DUS in terms of accuracy
and anatomical characterization for procedural planning,
even because the location of the aneurysm/pseudoancu-
rysm and a hostile abdomen make it often difficult to give
appropriate measurements and details. Along with the lat-
ter diagnostic tools, it is important as well to mention the
possible utilization of magnetic resonance imaging in case
of young or chronic kidney disease patients.

It is not rare that a visceral aneurysm presents with
concomitant aneurysmatic manifestations elsewhere in
the body (4-44% other visceral arteries, 3-27% thoraco-
abdominal aorta and iliac arteries, 3-4% intracranial arter-
ies),57 even if there is currently no evidence in performing
additional imaging studies but an accurate examination of
images of the already scanned area. It is otherwise impor-
tant to perform further screening tests, such as for fibro-
muscular dysplasia, to assess for underlying conditions
which could be the reason for aneurysm manifestation.

Going to the indications, the panel performed separate
analyses for each intra-abdominal major arterial district.

The threshold for renal artery aneurysms elective treat-
ment has been set at 3 cm, which is in line with the Soci-
ety for Vascular Surgery (SVS) Guidelines.3® Current evi-
dence demonstrates that there is no convenience in treating
renal aneurysms between 2 and 3 cm because of the slow-
growing natural history (0.06 to 0.6 mm per year) and not
demonstrated risk of rupture under these dimensions.!7

As concerning aneurysms of the splenic artery, the
threshold for elective treatment has been set at 3 cm, which
is in line with the SVS Guidelines,?® and slightly higher
than the >25 mm generically proposed by the European
Society of Vascular Surgery (ESVS) for all asymptomatic
true aneurysms of the visceral arteries;!75 in addition, the
panel expressed a conditional recommendation for treat-
ment of splenic artery aneurysms between 2 and 3 c¢m, re-
serving surveillance for patients with a low life expectancy
or significant comorbidities and demonstrated stability of
aneurysm dimensions over time.

The threshold for aneurysm treatment in case of celiac
artery, hepatic artery, mesenteric arteries, jejunal and ileal
arteries has been set at 2 cm, while colic and gastropan-
creaticoduodenal arteries aneurysms are recommended to
be treated regardless of size. The latter recommendations
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agree with the SVS Guidelines,3® except for the mesen-
teric arteries (regardless of size for the superior mesenteric
artery; no specific guideline for the inferior mesenteric ar-
tery); the differences between our indications and the SVS
ones could lay to the fact that new evidence!28. 129 arouse in
the last couple of years after SVS Guidelines publication,
which we were able to include in our analyses.

Since it represents another important and crucial intra-
abdominal artery and we did not focus on it in previously
published Italian Guidelines dealing with aorto-iliac aneu-
rysm disease,® our Guidelines gave recommendations for
isolated hypogastric artery aneurysms as well. The treat-
ment threshold has been set at 3 cm, and it has been low-
ered compared to European ESVS Guidelines on the topic
(3.5 cm),!76 according to recently published outcomes of
a meta-analysis specifically looking at just isolated hypo-
gastric artery aneurysms.!7!

Lastly, in accordance with International Guidelines,3%: 175
the panel agreed on the treatment regardless of dimensions
in case of symptomatic, ruptured and rapidly increasing
aneurysms, as well as all pseudoaneurysms; it is still de-
batable whether and at which dimensions it is convenient
to treat women of childbearing age, and since the evidence
is still not clear the panel suggested to consider treatment
under dimensional threshold in case of demonstrated rapid
growth.

Referring to treatment options, it emerged that the treat-
ment of all aneurysms of the visceral and renal arteries
is essentially achievable, with satisfactory results, both
trough endovascular solutions and open surgery; the pref-
erence between the two must take into account the ana-
tomical feasibility for an endovascular intervention and
patients’ fitness for open surgery, as well as logistic and
multidisciplinary considerations which might direction the
treatment strategy.

However, in view of the less invasiveness and fewer
complications, endovascular solutions have been con-
firmed to be the preferred method for the treatment of
these aneurysms, and for the same reasons the panel sug-
gested an endovascular-first approach for most of the in-
tra-abdominal arterial districts being addressed.

Concluding the management pathway of visceral and
renal artery aneurysm disease, the recommendations sug-
gested for the follow-up and medical therapy of patients
both treated (surgically or endovascularly) and not treat-
ed (aneurysm surveillance only) were all Good Practice
Points (GPP) formulated after panel discussion, since au-
thors were not able to find adequate quality literature on
the topic.
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Conclusions

These Guidelines are intended to outline the correct man-
agement of patients affected by visceral and renal artery
disease, according to the most recent and reliable indica-
tions provided by the current Literature, selected follow-
ing strict methodological criteria of scientific research and
selection. This review highlighted the need for additional
studies in this field, with a more relevant methodology, to
address questions which are still open.

References

1. Scottish Intercollegiate Guidelines Network (SIGN). A guideline de-
veloper’s handbook. (SIGN publication no. 50); 2019 [Internet]. Available
from: http://www.sign.ac.uk [cited 2023, Sep 18].

2. Centro Nazionale per I’Eccellenza Clinica, la Qualita e la Sicurezza
delle Cure. Procedure di invio e valutazione di Linee Guida per la pub-
blicazione nel’SNLG — Manuale Operativo, versione 3.02; 2020 [In-
ternet]. Available from: https://snlg.iss.it/wp-content/uploads/2020/02/
MO _SNLG v3.02 feb2020.pdf [cited 2023, Sep 18].

3. Centro Nazionale per I’Eccellenza Clinica, la Qualita e la Sicurezza
delle Cure. Manuale metodologico per la produzione di linee guida di
pratica clinica, versione 1.3.2; 2019 [Internet]. Available from: https://
snlg.iss.it/wp-content/uploads/2019/04/MM v1.3.2 apr 2019.pdf [cited
2023, Sep 18].

4. Cartabellotta A, Lagana AS. AGREE Reporting Checklist: uno
strumento per migliorare il reporting delle linee guida. Evidence
2016;8:¢1000146.

5. AGREE Next Step Consortium. AGREE II. Checklist per la valutazi-
one della qualita delle linee guida. Fondazione GIMBE; 2011 [Internet].
Available from: www.gimbe.org/agree [cited 2023, Sep 18].

6. Pratesi C, Esposito D, Apostolou D, Attisani L, Bellosta R, Benedetto
F, et al; Italian Guidelines for Vascular Surgery Collaborators - AAA
Group. Guidelines on the management of abdominal aortic aneurysms:
updates from the Italian Society of Vascular and Endovascular Surgery
(SICVE). J Cardiovasc Surg (Torino) 2022;63:328-52.

7. Lanza G, Orso M, Alba G, Bevilacqua S, Capoccia L, Cappelli A, et
al. Guideline on carotid surgery for stroke prevention: updates from the
Italian Society of Vascular and Endovascular Surgery. A trend towards
personalized medicine. J Cardiovasc Surg (Torino) 2022;63:471-91.

8. Pérez C, Llauger J, Pallardé Y, Sanchis E, Sabaté JM. Radiologic
diagnosis of pseudoaneurysms complicating pancreatitis. Eur J Radiol
1993;16:102-6.

9. Jesinger RA, Thoreson AA, Lamba R. Abdominal and pelvic aneu-
rysms and pseudoaneurysms: imaging review with clinical, radiologic,
and treatment correlation. Radiographics 2013;33:E71-96.

10. Saba L, Anzidei M, Lucatelli P, Mallarini G. The multidetector com-
puted tomography angiography (MDCTA) in the diagnosis of splenic ar-
tery aneurysm and pseudoaneurysm. Acta Radiol 2011;52:488-98.

11. Corvino F, Giurazza F, Ierardi AM, Lucatelli P, Basile A, Corvino A,
et al. Splenic Artery Pseudoaneurysms: The Role of ce-CT for Diagnosis
and Treatment Planning. Diagnostics (Basel) 2022;12:1012.

12. Hagspiel KD, Flors L, Hanley M, Norton PT. Computed tomography
angiography and magnetic resonance angiography imaging of the mesen-
teric vasculature. Tech Vasc Interv Radiol 2015;18:2—13.

13. Sidhu R, Lockhart ME. Imaging of renovascular disease. Semin Ul-
trasound CT MR 2009;30:271-88.

14. Lozano Sanchez FS, Garcia-Alonso J, Torres JA, Velasco L, Salvador
R, Pefia R, et al. Decision-making and therapeutic options in intact splenic

Mese 2023



ITALIAN GUIDELINES ON VISCERAL AND RENAL ARTERIES ANEURYSMS

artery aneurysms: single-center experience and literature review. Int An-
giol 2020;39:241-51.

15. Olin JW, Sealove BA. Diagnosis, management, and future develop-
ments of fibromuscular dysplasia. J Vasc Surg 2011;53:826-36.¢1.

16. Barrionuevo P, Malas MB, Nejim B, Haddad A, Morrow A, Ponce
O, et al. A systematic review and meta-analysis of the management of
visceral artery aneurysms. J Vasc Surg 2019;70:1694-9.

17. Klausner JQ, Lawrence PF, Harlander-Locke MP, Coleman DM,
Stanley JC, Fujimura N; Vascular Low-Frequency Disease Consortium.
The contemporary management of renal artery aneurysms. J Vasc Surg
2015;61:978-84.

18. Wayne EJ, Edwards MS, Stafford JM, Hansen KJ, Corriere MA. Ana-
tomic characteristics and natural history of renal artery aneurysms during
longitudinal imaging surveillance. J Vasc Surg 2014;60:448-52.

19. Klausner JQ, Harlander-Locke MP, Plotnik AN, Lehrman E, DeRu-
bertis BG, Lawrence PF. Current treatment of renal artery aneurysms may
be too aggressive. J Vasc Surg 2014;59:1356-61.

20. Henke PK, Cardneau JD, Welling TH 3rd, Upchurch GR Jr, Wake-
field TW, Jacobs LA, ef al. Renal artery aneurysms: a 35-year clinical ex-
perience with 252 aneurysms in 168 patients. Ann Surg 2001;234:454-62,
discussion 462-3.

21. Cohen JR, Shamash FS. Ruptured renal artery aneurysms during
pregnancy. J Vasc Surg 1987;6:51-9.

22. Martin RS 3rd, Meacham PW, Ditesheim JA, Mulherin JL Jr, Ed-
wards WH. Renal artery aneurysm: selective treatment for hypertension
and prevention of rupture. J Vasc Surg 1989;9:26-34.

23. Soliman KB, Shawky Y, Abbas MM, Ammary M, Shaaban A. Rup-
tured renal artery aneurysm during pregnancy, a clinical dilemma. BMC
Urol 2006;6:22.

24. Gwon JG, Han DJ, Cho YP, Kim YH, Kwon TW. Role of heterotopic
kidney auto-transplantation for renal artery aneurysms. Medicine (Balti-
more) 2018;97:¢10856.

25. Li Z, Zhao Z, Qin F, Wei X, Sun Y, Liu J, et al. Outcomes of En-
dovascular Treatment and Open Repair for Renal Artery Aneurysms:
A Single-Center Retrospective Comparative Analysis. J Vasc Interv Ra-
diol 2018;29:62-70.

26. Bilman V, Mascia D, Carta N, Santoro A, Saracino C, Chiesa R, ef al.
Contemporary Outcomes of in Situ Open Surgical Repair of Mid-Portion
and Distal Renal Artery Aneurysms. Ann Vasc Surg 2022;78:9—18.

27. Laurin T, Borghese O, Branchereau J, Karam G, Brisard L, Corvec
TL, et al. Single Centre Experience in Open and Endovascular Treatment
of Renal Artery Aneurysms. Ann Vasc Surg 2022;79:17-24.

28. Brownstein AJ, Erben Y, Rajaee S, Li Y, Rizzo JA, Mojibian H, et
al. Natural history and management of renal artery aneurysms in a single
tertiary referral center. J Vasc Surg 2018;68:137—44.

29. Machado M, Machado R, Almeida R. Renal Autotransplanta-
tion for The Treatment of Renal Artery Aneurysm. Ann Vasc Surg
2022;79:226-32.

30. Zhang Y, Xiang D, Lu Q, Wu M, Cui J. A systematic review and me-
ta-analysis of the performance of flow-diverting stents in the treatment
of peripheral and visceral artery aneurysms. Catheter Cardiovasc Interv
2021;97:461-9.

31. Loffroy R, Guiu B, Cercueil JP, Lepage C, Cheynel N, Steinmetz
E, et al. Transcatheter arterial embolization of splenic artery aneurysms
and pseudoaneurysms: short- and long-term results. Ann Vasc Surg
2008;22:618-26.

32. Abbas MA, Stone WM, Fowl RJ, Gloviczki P, Oldenburg WA, Pai-
rolero PC, et al. Splenic artery aneurysms: two decades experience at
Mayo clinic. Ann Vasc Surg 2002;16:442-9.

33. Berceli SA. Hepatic and splenic artery aneurysms. Semin Vasc Surg
2005;18:196-201.

34. Al-Habbal Y, Christophi C, Muralidharan V. Aneurysms of the splen-
ic artery - a review. Surgeon 2010;8:223-31.

Vol. 64 - No. ??

PRATESI

35. Hogendoorn W, Lavida A, Hunink MG, Moll FL, Geroulakos G, Muhs
BE, et al. Open repair, endovascular repair, and conservative management
of true splenic artery aneurysms. J Vasc Surg 2014;60:1667-76.¢1.

36. Lim HJ. A review of management options for splenic artery aneu-
rysms and pseudoaneurysms. Ann Med Surg (Lond) 2020;59:48-52.

37. Keschenau PR, Kaisaris N, Jalaie H, Grommes J, Kotelis D, Kalder J,
et al. Management strategies for true and dissecting visceral artery aneu-
rysms. J Cardiovasc Surg (Torino) 2020;61:340-6.

38. Batagini NC, Constantin BD, Kirksey L, Vallentsits Estenssoro AE,
Puech-Ledo P, De Luccia N, et al. Natural History of Splanchnic Artery
Aneurysms. Ann Vasc Surg 2021;73:290-5.

39. Chaer RA, Abularrage CJ, Coleman DM, Eslami MH, Kashyap
VS, Rockman C, et al. The Society for Vascular Surgery clinical prac-
tice guidelines on the management of visceral aneurysms. J Vasc Surg
2020;72(1S):3S-39S.

40. Pulli R, Dorigo W, Troisi N, Pratesi G, Innocenti AA, Pratesi C. Sur-
gical treatment of visceral artery aneurysms: A 25-year experience. J Vasc
Surg 2008;48:334-42.

41. Venturini M, Marra P, Colombo M, Alparone M, Agostini G, Ber-
toglio L, e al. Endovascular treatment of visceral artery aneurysms and
pseudoaneurysms in 100 patients: covered stenting vs transcatheter embo-
lization. J Endovasc Ther 2017;24:709-17.

42. Venturini M, Marra P, Augello L, Colarieti A, Guazzarotti G, Palum-
bo D, et al. Elective embolization of splenic artery aneurysms with an
ethylene vinyl alcohol copolymer agent (Squid) and detachable coils. J
Vasc Interv Radiol 2020;31:1110-7.

43. Venturini M, Marra P, Colombo M, Panzeri M, Gusmini S, Sal-
lemi C, et al. Endovascular repair of 40 visceral artery aneurysms
and pseudoaneurysms with the Viabahn stent-graft: technical aspects,
clinical outcome and mid-term patency. Cardiovasc Intervent Radiol
2018;41:385-97.

44. Wang W, Chang H, Liu B, Wang W, Yu Z, Chen C, ef al. Long-
term outcomes of elective transcatheter dense coil embolization for
splenic artery aneurysms: a two-center experience. J Int Med Res
2020;48:300060519873256.

45. Dorigo W, Pulli R, Azas L, Fargion A, Angiletta D, Pratesi G, ef al.
Early and intermediate results of elective endovascular treatment of true
visceral artery aneurysms. Ann Vasc Surg 2016;30:211-8.

46. Venturini M, Piacentino F, Coppola A, Bettoni V, Macchi E, De
Marchi G, et al. Visceral artery aneurysms embolization and other in-
terventional options: state of the art and future perspectives. J Clin Med
2021;10:2520.

47. Lakin RO, Bena JF, Sarac TP, Shah S, Krajewski LP, Srivastava SD,
et al. The contemporary management of splenic artery aneurysms. J Vasc
Surg 2011;53:958-64, discussion 965.

48. Sano M, Hoshina K, Kawahara T, Kimura M, Akai T, Isaji T, ef al.
Egg-shell like calcification as a protective factor for splenic artery aneu-
rysm dilatation. Ann Vasc Surg 2020;63:193-7.

49. Clément M, Lareyre F, Loste A, Sannier A, Burel-Vandenbos F, Mas-
siot N, et al. Vascular remodeling and immune cell infiltration in splenic
artery aneurysms. Angiology 2021;72:539-49.

50. Phan D, Furtado R, Laurence JM, Pleass H. Splenic artery aneurysm
management in the cirrhotic patient listed for liver transplantation: a sys-
tematic review. Transplant Proc 2022;54:706—14.

51. Kobori L, van der Kolk MJ, de Jong KP, Peeters PM, Klompmaker 1J,
Kok T, et al.; Liver Transplant Group. Splenic artery aneurysms in liver
transplant patients. J Hepatol 1997;27:890-3.

52. Ha JF, Phillips M, Faulkner K. Splenic artery aneurysm rupture in
pregnancy. Eur J Obstet Gynecol Reprod Biol 2009;146:133-7.

53. Aung YY, Berry C, Jayaram PR, Woon EV. Splenic artery aneurysm
in pregnancy: A systematic review. Int J Gynaecol Obstet 2023;160:1-11.

54. Nanez L, Knowles M, Modrall JG, Valentine RJ. Ruptured splenic
artery aneurysms are exceedingly rare in pregnant women. J Vasc Surg
2014;60:1520-3.

THE JOURNAL OF CARDIOVASCULAR SURGERY 11



PRATESI

55. Nosher JL, Chung J, Brevetti LS, Graham AM, Siegel RL. Visceral
and renal artery aneurysms: a pictorial essay on endovascular therapy. Ra-
diographics 2006;26:1687-704, quiz 1687.

56. Chiesa R, Astore D, Guzzo G, Frigerio S, Tshomba Y, Castellano R, et
al. Visceral artery aneurysms. Ann Vasc Surg 2005;19:42-8.

57. Pitton MB, Dappa E, Jungmann F, Kloeckner R, Schotten S, Wirth
GM, et al. Visceral artery aneurysms: Incidence, management, and
outcome analysis in a tertiary care center over one decade. Eur Radiol
2015;25:2004—-14.

58. Hogendoorn W, Lavida A, Hunink MG, Moll FL, Geroulakos G,
Muhs BE, et al. Cost-effectiveness of endovascular repair, open repair,
and conservative management of splenic artery aneurysms. J Vasc Surg
2015;61:1432-40.

59. Venturini M, Marra P, Colarieti A, Agostini G, Lanza C, Augello
L, et al. Covered stenting and transcatheter embolization of splenic
artery aneurysms in diabetic patients: A review of endovascular treat-
ment of visceral artery aneurysms in the current era. Pharmacol Res
2018;135:127-35.

60. Numoto I, Tsurusaki M, Oda T, Yagyu Y, Ishii K, Murakami T. Trans-
catheter arterial embolization treatment for bleeding visceral artery pseu-
doaneurysms in patients with pancreatitis or following pancreatic surgery.
Cancers (Basel) 2020;12:2733.

61. Yamamoto S, Hirota S, Maeda H, Achiwa S, Arai K, Kobayashi K,
et al. Transcatheter coil embolization of splenic artery aneurysm. Cardio-
vasc Intervent Radiol 2008;31:527-34.

62. Rossi M, Rebonato A, Greco L, Citone M, David V. Endovascular
exclusion of visceral artery aneurysms with stent-grafts: technique and
long-term follow-up. Cardiovasc Intervent Radiol 2008;31:36—42.

63. Reed NR, Oderich GS, Manunga J, Duncan A, Misra S, de Souza LR,
et al. Feasibility of endovascular repair of splenic artery aneurysms using
stent grafts. J Vasc Surg 2015;62:1504-10.

64. Stella N, Palombo G, Taddeo C, Rizzo L, Taurino M. Stent-assisted
coil embolization of a complex wide-neck splenic artery aneurysm. Ann
Vasc Surg 2013;27:1187.e5-8.

65. Colombi D, Bodini FC, Bossalini M, Rossi B, Michieletti E. Extra-
cranial visceral artery aneurysms/pseudoaneurysms repaired with flow di-
verter device developed for cerebral aneurysms: preliminary results. Ann
Vasc Surg 2018;53:272.e1-9.

66. Lagana D, Carrafiello G, Mangini M, Fontana F, Dizonno M, Castelli
P, et al. Endovascular treatment of splenic artery aneurysms. Radiol Med
(Torino) 2005;110:77-87.

67. Lee SH, Yang S, Park I, Im YC, Kim GY. Ruptured splenic artery
aneurysms in pregnancy and usefulness of endovascular treatment in se-
lective patients: A case report and review of literature. World J Clin Cases
2022;10:9057-63.

68. Marone EM, Peri A, Argenti F, Pugliese L, Rinaldi LF, Pietrabissa
A. Robotic treatment of complex splenic artery aneurysms with deep
hilar location: technical insights and midterm results. Ann Vasc Surg
2020;68:50-6.

69. Illuminati G, Pizzardi G, Pasqua R. Open surgery for aneurysms of
the splenic artery at the hilum of the spleen: report of three cases. Int J
Surg Case Rep 2018;48:47-9.

70. Hamid HK, Suliman AE, Piffaretti G, Spiliopoulos S, Tetreau R, Tozzi
M, et al. A systematic review on clinical features and management of true
giant splenic artery aneurysms. J Vasc Surg 2020;71:1036-1045.¢l.

71. Tipaldi MA, Krokidis M, Orgera G, Pignatelli M, Ronconi E, Laurino
F, et al. Endovascular management of giant visceral artery aneurysms. Sci
Rep 2021;11:700.

72. Mascia D, Salvati S, Carta N, Kahlberg A, Santoro A, Melissano G,
et al. Endovascular Oriented Classification and Treatment of Celiac Trunk
Aneurysms: 10 Years Experience. Ann Vasc Surg 2022;79:219-25.

73. Johal M, Kalaravy M, Ali F, Barve R, Ahmed A, Francis CT, et al.

Evolving Diagnostic and Therapeutic Options for Visceral Artery Aneu-
rysms. Ann Vasc Surg 2021;76:488-99.

THE JOURNAL OF CARDIOVASCULAR SURGERY

ITALIAN GUIDELINES ON VISCERAL AND RENAL ARTERIES ANEURYSMS

74. Yuan FK, Xi HL, Qin RH, Tian ZL, Li C, Lu F. Endovascular treat-
ment with stenting of celiac artery aneurysms. Medicine (Baltimore)
2020;99:e23448.

75. Guo B, Guo D, Xu X, Chen B, Shi Z, Luo J, ef al. Early and interme-
diate results of endovascular treatment of symptomatic and asymptomatic
visceral artery aneurysms. J Vasc Surg 2016;64:140-8.

76. Tulsyan N, Kashyap VS, Greenberg RK, Sarac TP, Clair DG, Pierce
G, et al. The endovascular management of visceral artery aneurysms and
pseudoaneurysms. J Vasc Surg 2007;45:276-83, discussion 283.

77. Popov P, Boskovic S, Sagic D, Radevic B, Ilijevski N, Nenezic D,
et al. Treatment of visceral artery aneurysms: retrospective study of 35
cases. Vasa 2007;36:191-8.

78. Zhang W, Fu YF, Wei PL, e B, Li DC, Xu J. Endovascular Repair of
Celiac Artery Aneurysm with the Use of Stent Grafts. J Vasc Interv Radiol
2016;27:514-8.

79. Obara H, Kentaro M, Inoue M, Kitagawa Y. Correction to: Current
management strategies for visceral artery aneurysms: an overview. Surg
Today 2020;50:320.

80. Sousa J, Costa D, Mansilha A. Visceral artery aneurysms: review on
indications and current treatment strategies. Int Angiol 2019;38:381-94.
81. Hosn MA, Xu J, Sharafuddin M, Corson JD. Visceral Artery Aneu-
rysms: Decision Making and Treatment Options in the New Era of Mini-
mally Invasive and Endovascular Surgery. Int J Angiol 2019;28:11-6.

82. Ibrahim F, Dunn J, Rundback J, Pellerito J, Galmer A. Visceral Artery
Aneurysms: Diagnosis, Surveillance, and Treatment. Curr Treat Options
Cardiovasc Med 2018;20:97.

83. Juntermanns B, Bernheim J, Karaindros K, Walensi M, Hoffmann JN.
Visceral artery aneurysms. Gefasschirurgie 2018;23(Suppl 1):19-22.

84. van Rijn MJ, Ten Raa S, Hendriks JM, Verhagen HJ. Visceral aneu-
rysms: old paradigms, new insights? Best Pract Res Clin Gastroenterol
2017;31:97-104.

85. Batagini NC, El-Arousy H, Clair DG, Kirksey L. Open versus Endo-
vascular Treatment of Visceral Artery Aneurysms and Pseudoaneurysms.
Ann Vasc Surg 2016;35:1-8.

86. Uberoi R, Chung D. Endovascular solutions for the management of
visceral aneurysms. J Cardiovasc Surg (Torino) 2011;52:323-31.

87. Sachdev-Ost U. Visceral artery aneurysms: review of current man-
agement options. Mt Sinai J Med 2010;77:296-303.

88. Saltzberg SS, Maldonado TS, Lamparello PJ, Cayne NS, Nalbandian
MM, Rosen RJ, et al. Is endovascular therapy the preferred treatment for
all visceral artery aneurysms? Ann Vasc Surg 2005;19:507-15.

89. Stone WM, Abbas MA, Gloviczki P, Fowl RJ, Cherry KJ. Ce-
liac arterial aneurysms: a critical reappraisal of a rare entity. Arch Surg
2002;137:670-4.

90. Graham LM, Stanley JC, Whitehouse WM Jr, Zelenock GB, Wake-
field TW, Cronenwett JL, et al. Celiac artery aneurysms: historic (1745-
1949) versus contemporary (1950-1984) differences in etiology and clini-
cal importance. J Vasc Surg 1985;2:757-64.

91. Messina LM, Shanley CJ. Visceral artery aneurysms. Surg Clin North
Am 1997;77:425-42.

92. Sessa C, Tinelli G, Porcu P, Aubert A, Thony F, Magne JL. Treatment
of visceral artery aneurysms: description of a retrospective series of 42
aneurysms in 34 patients. Ann Vasc Surg 2004;18:695-703.

93. HuangY, Banga P, De Souza LR, Oderich GS. Endovascular treatment
of visceral artery aneurysms. J Cardiovasc Surg (Torino) 2015;56:567-77.
94. Hemp JH, Sabri SS. Endovascular management of visceral arterial
aneurysms. Tech Vasc Interv Radiol 2015;18:14-23.

95. Shukla AJ, Eid R, Fish L, Avgerinos E, Marone L, Makaroun M, et al.
Contemporary outcomes of intact and ruptured visceral artery aneurysms.
J Vasc Surg 2015;61:1442-7.

96. QiuC, Liu Z, Huang L, Guo L, Lu W, Zhang H, et al. Covered Stents
for Treatment of Visceral Artery Aneurysms: A Multicenter Study. J Vasc
Interv Radiol 2022;33:640-7.

Mese 2023



ITALIAN GUIDELINES ON VISCERAL AND RENAL ARTERIES ANEURYSMS

97. Li X, Zhang W, Zhou M, Ding Y, Wang Y, Xie T, ef al. A new clas-
sification and strategies for endovascular treatment of celiac artery aneu-
rysms. Vascular 2022;30:834-41.

98. Fankhauser GT, Stone WM, Naidu SG, Oderich GS, Ricotta JJ, Bjar-
nason H, et al.; Mayo Vascular Research Center Consortium. The mini-
mally invasive management of visceral artery aneurysms and pseudoan-
eurysms. J Vasc Surg 2011;53:966-70.

99. Vohra R, Carr HM, Welch M, Tait WF, Durrans D, Walker MG. Man-
agement of coeliac artery aneurysms. Br J Surg 1991;78:1373-5.

100. Matsumoto K, Tanaka K, Ohsumi K, Nakamaru M, Obara H, Hayas-
hi S, et al. Celiomesenteric anomaly with concurrent aneurysm. J Vasc
Surg 1999;29:711-4.

101. Waldenberger P, Bendix N, Petersen J, Tauscher T, Glodny B. Clini-
cal outcome of endovascular therapeutic occlusion of the celiac artery. J
Vasc Surg 2007;46:655-61.

102. Xia FF, Fan ZQ, Huo XB, Fu YF, Xu YS. Endovascular stent repair
of celiac arterial aneurysm. Medicine (Baltimore) 2019;98:¢18203.

103. Cochennec F, Riga CV, Allaire E, Cheshire NJ, Hamady M, Jenkins
MP, et al. Contemporary management of splanchnic and renal artery an-
eurysms: results of endovascular compared with open surgery from two
European vascular centers. Eur J Vasc Endovasc Surg 2011;42:340-6.

104. Mohan IV, Stephen MS. Peripheral arterial aneurysms: open or en-
dovascular surgery? Prog Cardiovasc Dis 2013;56:36-56.

105. Vandy FC, Sell KA, Eliason JL, Coleman DM, Rectenwald JE,
Stanley JC. Pancreaticoduodenal and Gastroduodenal Artery Aneu-
rysms Associated with Celiac Artery Occlusive Disease. Ann Vasc Surg
2017;41:32-40.

106. Michalinos A, Schizas D, Ntourakis D, Filippou D, Troupis T. Arc
of Biihler: the surgical significance of a rare anatomical variation. Surg
Radiol Anat 2019;41:575-81.

107. Stoecker JB, Eddinger KC, Glaser JD, Wang GJ, Shlansky-Goldberg
RD, Fairman RM, et al. A large series of true pancreaticoduodenal artery
aneurysms. J Vasc Surg 2022;75:1634-1642.¢l.

108. Illuminati G, Hostalrich A, Pasqua R, Nardi P, Chaufour X, Ricco
JB. Outcomes After Open and Endovascular Repair of Non-Ruptured
True Pancreaticoduodenal and Gastroduodenal Artery Aneurysms As-
sociated with Coeliac Artery Compression: A Multicentre Retrospective
Study. Eur J Vasc Endovasc Surg 2021;61:945-53.

109. Bonardelli S, Spampinato B, Ravanelli M, Cuomo R, Zanotti C,
Paro B, et al. The role of emergency presentation and revascularization
in aneurysms of the peripancreatic arteries secondary to celiac trunk
or superior mesenteric artery occlusion. J Vasc Surg 2020;72(1S):46S—
55S.

110. Kallamadi R, Demoya MA, Kalva SP. Inferior pancreaticoduodenal
artery aneurysms in association with celiac stenosis/occlusion. Semin In-
tervent Radiol 2009;26:215-23.

111. Lee JH, Hwang DW, Lee SY, Hwang JW, Song DK, Gwon DI, et
al. Clinical features and management of pseudoaneurysmal bleeding after
pancreatoduodenectomy. Am Surg 2012;78:309-17.

112. Makowiec F, Riediger H, Euringer W, Uhl M, Hopt UT, Adam U.
Management of delayed visceral arterial bleeding after pancreatic head
resection. J Gastrointest Surg 2005;9:1293-9.

113. Sharma S, Prasad R, Gupta A, Dwivedi P, Mohindra S, Yadav RR.
Aneurysms of pancreaticoduodenal arcade: clinical profile and endovas-
cular strategies. JGH Open 2020;4:923-8.

114. Murata S, Tajima H, Fukunaga T, Abe Y, Niggemann P, Onozawa
S, et al. Management of pancreaticoduodenal artery aneurysms: results
of superselective transcatheter embolization. Am J Roentgenol 2006;187.

115. Gupta V, Irrinki S, Sakaray YR, Moond V, Yadav TD, Kochhar R, e?
al. Treatment strategies for bleeding from gastroduodenal artery pseudoa-
neurysms complicating the course of chronic pancreatitis-A case series of
10 patients. Indian J Gastroenterol 2018;37:457-63.

116. Dohan A, Eveno C, Dautry R, Guerrache Y, Camus M, Boudiaf M,
et al. Role and Effectiveness of Percutaneous Arterial Embolization in

Vol. 64 - No. ??

PRATESI

Hemodynamically Unstable Patients with Ruptured Splanchnic Artery
Pseudoaneurysms. Cardiovasc Intervent Radiol 2015;38:862—-70.

117. Stark JC, Eisenberg N, Mafeld S, McGilvray I, Roche-Nagle G,
Howe KL. Assessment of open surgical and endovascular management of
true hepatic artery aneurysms over 20 years highlights increased rupture
risk in females. J Vasc Surg 2022;75:1334—1342.¢2.

118. Schick C, Ritter RG, Balzer JO, Thalhammer A, Vogl TJ. Hepatic
artery aneurysm: treatment options. Eur Radiol 2004;14:157-9.

119. Abbas MA, Fowl RJ, Stone WM, Panneton JM, Oldenburg WA,
Bower TC, et al. Hepatic artery aneurysm: factors that predict complica-
tions. J Vasc Surg 2003;38:41-5.

120. Erskine JM. Hepatic artery aneurysm. Vasc Surg 1973;7:106-25.

121. Lal RB, Strohl JA, Piazza S, Aslam M, Ball D, Patel K. Hepatic
artery aneurysm. J Cardiovasc Surg (Torino) 1989;30:509—13.

122. Koyama M, Tanaka M, Shimizu M, Nomura S, Kako N, Suzuki S,
et al. Surgical treatment of mesenteric infarction, thoracoabdominal aortic
aneurysm, and proper hepatic aneurysm in a middle-aged woman with
Takayasu’s arteritis. ] Cardiovasc Surg (Torino) 1995;36:337-41.

123. Kok HK, Asadi H, Sheehan M, Given MF, Lee MJ. Systematic Re-
view and Single-Center Experience for Endovascular Management of Vis-
ceral and Renal Artery Aneurysms. J Vasc Interv Radiol 2016;27:1630-41.

124. Sfyroeras GS, Dalainas I, Giannakopoulos TG, Antonopoulos K,
Kakisis JD, Liapis CD. Flow-diverting stents for the treatment of arterial
aneurysms. J Vasc Surg 2012;56:839-46.

125. Lumsden AB, Mattar SG, Allen RC, Bacha EA. Hepatic artery aneu-
rysms: the management of 22 patients. J Surg Res 1996;60:345-50.

126. Melissano G, Mascia D, Atique Gabriel S, Bertoglio L, Venturini
M, DE Cobelli F, et al. Hepatic artery aneurysms: open and endovascular
repair. J Cardiovasc Surg (Torino) 2018;59:95-100.

127. Marone EM, Mascia D, Kahlberg A, Brioschi C, Tshomba Y, Chiesa
R. Is open repair still the gold standard in visceral artery aneurysm man-
agement? Ann Vasc Surg 2011;25:936-46.

128. Pitcher GS, Cirillo-Penn NC, Mendes BC, Shuja F, DeMartino
RR, Kalra M, et al. Aneurysms of the superior mesenteric artery and its
branches. J Vasc Surg 2022;76:149-57.

129. Erben Y, Brownstein AJ, Rajaee S, Li Y, Rizzo JA, Mojibian H, et
al. Natural history and management of splanchnic artery aneurysms in a
single tertiary referral center. J Vasc Surg 2018;68:1079-87.

130. Corey MR, Ergul EA, Cambria RP, English SJ, Patel VI, Lancaster
RT, et al. The natural history of splanchnic artery aneurysms and out-
comes after operative intervention. J Vasc Surg 2016;63:949-57.

131. Stone WM, Abbas M, Cherry KJ, Fowl RJ, Gloviczki P. Superior
mesenteric artery aneurysms: is presence an indication for intervention? J
Vasc Surg 2002;36:234-7, discussion 237.

132. Zilun L, Henghui Y, Yang Z, Mian W, Guangqi C, Shenming W. The
Management of Superior Mesenteric Artery Aneurysm: Experience with
16 Cases in a Single Center. Ann Vasc Surg 2017;42:120-7.

133. Shi 'Y, Ni G, Zhao B, Gu J, Huang H, Lu Z, et al. Management of
Symptomatic Spontaneous Isolated Superior Mesenteric Artery Dissec-
tion: A Single Centre Experience with Mid Term Follow Up. Eur J Vasc
Endovasc Surg 2020;60:863-71.

134. Jacobs CR, Fatima J, Scali ST, Hodges ZH, Back MR, Arnaoutakis
DJ, et al. Surgical Treatment of True Superior Mesenteric Artery Aneu-
rysms. Ann Vasc Surg 2021;71:74-83.

135. DeCarlo C, Mohebali J, Dua A, Conrad MF, Mohapatra A. Morbid-
ity and mortality associated with open repair of visceral aneurysms. J Vasc
Surg 2022;75:632-640.¢2.

136. Martinelli O, Giglio A, Irace L, Di Girolamo A, Gossetti B, Gattuso
R. Single-Center Experience in the Treatment of Visceral Artery Aneu-
rysms. Ann Vasc Surg 2019;60:447-54.

137. Jiang J, Ding X, Su Q, Zhang G, Wang Q, Jian W, et al. Thera-
peutic management of superior mesenteric artery aneurysms. J Vasc Surg
2011;53:1619-24.

THE JOURNAL OF CARDIOVASCULAR SURGERY 13



PRATESI

138. Onal Y, Samanci C, Cicek ED. Double-Lumen Balloons, Are They
Only Useful in Neurointerventions? Preliminary Outcomes of Double-Lu-
men Balloon-Assisted Embolization of Visceral Artery Aneurysms. Vasc
Endovascular Surg 2020;54:214-9.

139. Jia Z, Su H, Chen W, Ni G, Qi C, Gu J. Endovascular Treatment
of Patients with Isolated Mesenteric Artery Dissection Aneurysm: Bare
Stents Alone Versus Stent Assisted Coiling. Eur J Vasc Endovasc Surg
2019;57:400-6.

140. Kim SK, Lee J, Duncan JR, Picus DD, Darcy MD, Sauk S. Endo-
vascular treatment of superior mesenteric artery pseudoaneurysms using
covered stents in six patients. AJR Am J Roentgenol 2014;203:432-8.

141. Graham JM, McCollum CH, DeBakey ME. Aneurysms of the
splanchnic arteries. Am J Surg 1980;140:797.

142. Huang YK, Hsieh HC, Tsai FC, Chang SH, Lu MS, Ko PJ. Visceral
artery aneurysm: risk factor analysis and therapeutic opinion. Eur J Vasc
Endovasc Surg 2007;33:293-301.

143. Zhang L, Yin CP, Li HY, Bao JM, Zhao ZQ, Qu LF, et al. Mul-
tiple overlapping bare stents for endovascular visceral aneurysm repair: a
potential alternative endovascular strategy to multilayer stents. Ann Vasc
Surg 2013;27:606—-12.

144. Huo CW. Middle colic artery aneurysm: a case report and review of
the literature. Ann Vasc Surg 2012;26:571.e1-6.

145. Inada K, Maeda M, lkeda T. Segmental arterial mediolysis: un-
recognized cases culled from cases of ruptured aneurysm of abdominal
visceral arteries reported in the Japanese literature. Pathol Res Pract
2007;203:771-8.

146. Asano M, Nushida H, Nagasaki Y, Tatsuno Y, Ueno Y. Rupture of a
jejunal artery aneurysm. Leg Med (Tokyo) 2008;10:268-73.

147. Shanley CJ, Shah NL, Messina LM. Uncommon splanchnic artery
aneurysms: pancreaticoduodenal, gastroduodenal, superior mesenteric,
inferior mesenteric, and colic. Ann Vasc Surg 1996;10:506-15.

148. Sarcina A, Bellosta R, Magnaldi S, Luzzani L. Aneurysm of the mid-
dle colic artery—case report and literature review. Eur J Vasc Endovasc
Surg 2000;20:198-200.

149. Tessier DJ, Abbas MA, Fowl RJ, Stone WM, Bower TC, McKusick
MA, et al. Management of rare mesenteric arterial branch aneurysms. Ann
Vasc Surg 2002;16:586-90.

150. Richardson JW, Greenfield LJ. Natural history and management of
iliac aneurysms. J Vasc Surg 1988;8:165-71.

151. Kliewer M, Plimon M, Taher F, Walter C, Hirsch K, Falkensammer
1, et al. Endovascular treatment of hypogastric artery aneurysms. J Vasc
Surg 2019;70:1107-14.

152. Gao P, Dong D, Yang L, Yuan H, Wang M, Zhang J, et al. Technical
issues and clinical outcomes of endovascular repair of isolated iliac artery
aneurysms: A single-center experience. Vascular 2018;26:591-9.

153. Muradi A, Yamaguchi M, Okada T, Nomura Y, Idoguchi K, Ueshi-
ma E, et al. Technical and outcome considerations of endovascular treat-
ment for internal iliac artery aneurysms. Cardiovasc Intervent Radiol
2014;37:348-54.

154. Laine MT, Bjorck M, Beiles CB, Szeberin Z, Thomson I, Altreuther
M, et al. Few internal iliac artery aneurysms rupture under 4 cm. J Vasc
Surg 2017;65:76-81.

155. Chen RJ, Vaes RH, Qi SD, J Westcott M, Robinson DR. Modalities

of endovascular management for internal iliac artery aneurysms. ANZ J
Surg 2021;91:2397-403.

156. Kobe A, Andreotti C, Puippe G, Rancic Z, Kopp R, Lachat M, et al.
Primary Endovascular Elective Repair and Repair of Ruptured Isolated
Iliac Artery Aneurysms Is Durable-Results of 72 Consecutive Patients. J
Vasc Interv Radiol 2018;29:1725-32.

157. Rana MA, Kalra M, Oderich GS, de Grandis E, Gloviczki P,
Duncan AA, et al. Outcomes of open and endovascular repair for rup-
tured and nonruptured internal iliac artery aneurysms. J Vasc Surg
2014;59:634-44.

158. Patel NV, Long GW, Cheema ZF, Rimar K, Brown OW, Shanley CJ.

THE JOURNAL OF CARDIOVASCULAR SURGERY

ITALIAN GUIDELINES ON VISCERAL AND RENAL ARTERIES ANEURYSMS

Open vs. endovascular repair of isolated iliac artery aneurysms: A 12-year
experience. J Vasc Surg 2009;49:1147-53.

159. Chaer RA, Barbato JE, Lin SC, Zenati M, Kent KC, McKinsey JF.
Isolated iliac artery aneurysms: a contemporary comparison of endovas-
cular and open repair. J Vasc Surg 2008;47:708—13.

160. Yang M, Li L, Liu Y, Su Q, Dong Z, Li G, et al. Therapeutic
management of isolated internal iliac artery aneurysms. J Vasc Surg
2020;72:1968-75.

161. Pirvu A, Gallet N, Perou S, Thony F, Magne JL. Midterm results of
internal iliac artery aneurysm embolization. J Med Vasc 2017;42:157-61.

162. Bianchini Massoni C, Freyrie A, Gargiulo M, Tecchio T, Mascoli
C, Gallitto E, et al. Perioperative and Late Outcomes after Endovas-
cular Treatment for Isolated Iliac Artery Aneurysms. Ann Vasc Surg
2017;44:83-93.

163. Millon A, Paquet Y, Ben Ahmed S, Pinel G, Rosset E, Lermusiaux P.
Midterm outcomes of embolisation of internal iliac artery aneurysms. Eur
J Vasc Endovasc Surg 2013;45:22-7.

164. Antoniou GA, Nassef AH, Antoniou SA, Loh CY, Turner DR, Beard
JD. Endovascular treatment of isolated internal iliac artery aneurysms.
Vascular 2011;19:291-300.

165. Yamamoto H, Yamamoto F, Ishibashi K, Liu KX, Yamaura G, Chida
Y, et al. Long-term outcomes of open surgical repair for ruptured iliac
artery aneurysms. Ann Vasc Surg 2011;25:740-7.

166. Chemelli A, Hugl B, Klocker J, Thauerer M, Strasak A, Jaschke W,
et al. Endovascular repair of isolated iliac artery aneurysms. J Endovasc
Ther 2010;17:492-503.

167. Hu H, Takano T, Guntani A, Onohara T, Furuyama T, Inoguchi H, et
al. Treatment of solitary iliac aneurysms: clinical review of 28 cases. Surg
Today 2008;38:232-6.

168. Hiromatsu S, Hosokawa Y, Egawa N, Yokokura H, Akaiwa K, Aoy-
agi S. Strategy for isolated iliac artery aneurysms. Asian Cardiovasc Tho-
rac Ann 2007;15:280-4.

169. Boules TN, Selzer F, Stanziale SF, Chomic A, Marone LK, Dillavou
ED, et al. Endovascular management of isolated iliac artery aneurysms. J
Vasc Surg 2006;44:29-37.

170. McCready RA, Pairolero PC, Gilmore JC, Kazmier FJ, Cher-
ry KJ Jr, Hollier LH. Isolated iliac artery aneurysms. Surgery
1983;93:688-93.

171. Perini P, Mariani E, Fanelli M, Ucci A, Rossi G, Massoni CB, ef al.
Surgical and endovascular management of isolated internal iliac artery
aneurysms: a systematic review and meta-analysis. Vasc Endovascular
Surg 2021;55:254-64.

172. Frank U, Nikol S, Belch J, Boc V, Brodmann M, Carpentier PH, et
al. ESVM Guideline on peripheral arterial disease. Vasa 2019;48(Suppl
102):1-79.

173. Aboyans V, Ricco JB, Bartelink ME, Bjorck M, Brodmann M,
Cohnert T, et al. 2017 ESC Guidelines on the Diagnosis and Treatment of
Peripheral Arterial Diseases, in collaboration with the European Society
for Vascular Surgery (ESVS). Rev Esp Cardiol (Engl Ed) 2018;71:111.

174. Gerhard-Herman MD, Gornik HL, Barrett C, Barshes NR, Corriere
MA, Drachman DE, et al. 2016 AHA/ACC Guideline on the Management
of Patients With Lower Extremity Peripheral Artery Disease: A Report
of the American College of Cardiology/American Heart Association Task
Force on Clinical Practice Guidelines. Circulation 2017;135:€726-79.

175. Bjorck M, Koelemay M, Acosta S, Bastos Goncalves F, Kolbel T,
Kolkman JJ, et al.; Esvs Guidelines Committee. Editor’s Choice - Man-
agement of the Diseases of Mesenteric Arteries and Veins: Clinical Prac-
tice Guidelines of the European Society of Vascular Surgery (ESVS). Eur
J Vasc Endovasc Surg 2017;53:460-510.

176. Wanhainen A, Verzini F, Van Herzeele I, Allaire E, Bown M,
Cohnert T, et al.; Esvs Guidelines Committee. Editor’s Choice - European
Society for Vascular Surgery (ESVS) 2019 Clinical Practice Guidelines
on the Management of Abdominal Aorto-iliac Artery Aneurysms. Eur J
Vasc Endovasc Surg 2019;57:8-93.

Mese 2023



ITALIAN GUIDELINES ON VISCERAL AND RENAL ARTERIES ANEURYSMS PRATESI

Conflicts of interest
The authors certify that there is no conflict of interest with any financial organization regarding the material discussed in the manuscript.

Authors’ contributions

Carlo Pratesi, Davide Esposito, Massimiliano Orso, and Maurizio Cariati have given substantial contributions to the conception and the design of the manu-
script; all authors contributed to acquisition, analysis and interpretation of the data. All authors have participated to drafting the manuscript, Carlo Pratesi and
Maurizio Cariati revised it critically. All authors read and approved the final version of the manuscript.

Group author members

Italian Guidelines for Vascular and Endovascular Surgery Collaborators. Chair: Maurizio CARIATI; Carlo PRATESI. Scientific Technical Committee:
Maurizio CARIATI; Romeo MARTINI; Claudio NOVALI; Carlo PRATESI; Augusto ZANINELLIL. Panel of Experts - authors: Antonio L. ANNESE;
Paolo BAGGTI; Raffaello BELLOSTA; Claudio BIANCHINI MASSONI; Stefano BONARDELLI; Serena CARRIERO; Rosa CERVELLI; Emiliano CHIS-
CI; Roberto CIONI; Fabio CORVINO; Francesco DE COBELLI; Davide ESPOSITO; Fabrizio FANELLI; Aaron T. FARGION; Marco FEMIA; Antonio
FREYRIE; Andrea GAGGIANO; Enrico GALLITTO; Stefano GENNAI; Emanuela GIAMPALMA; Francesco GIURAZZA; Franco GREGO; Giorgia
GUAZZAROTTI; Anna M. IERARDI; Andrea L. KAHLBERG:; Daniele MASCIA; Luca MEZZETTO; Stefano MICHELAGNOLI; Floriana NARDELLI;
Raffaella NIOLA; Massimo LENTI; Orsola PERRONE; Filippo PIACENTINO; Gabriele PIFFARETTI; Raffacle PULLI; Gino PUNTEL; Giovanni PUP-
PINL; Denis ROSSATO; Michele ROSSI; Roberto SILINGARDI; Pasqualino SIRIGNANO; Francesco SQUIZZATO; Marcello Andrea TIPALDI; Mas-
simo VENTURINI; Gian F. VERALDI; Antonio VIZZUSO. Methodological Group: Massimiliano ORSO (Reference Methodologist); Sara ALLIEVI; Luca
ATTISANI; Gianluigi FINO; Francesca GHIRARDINI; Paola MANZO; Mattia MIGLIARI; Stephanie STEIDLER. External Reviewers: Vittorio MIELE;
Maurizio TAURINO.

History
Article first published online: November 30, 2023. - Manuscript accepted: September 8, 2023. - Manuscript received: July 18, 2023.

Vol. 64 - No. ?? THE JOURNAL OF CARDIOVASCULAR SURGERY 15



SUPPLEMENTARY DIGITAL MATERIAL 1

Literature search strategies and PRISMA Flow Diagrams

Supplementary Table .—PICO 1 search strategies.
PubMed, searched on 01/06/2022
Search | Query Results
#1 ((visceral OR renal OR splenic OR lienal OR hepatic OR celiac OR coeliac OR 196,368
gastric OR gastroepiploic OR mesenteric OR jejunal OR ileal OR iliac OR ilial
OR colic OR pancreaticoduodenal OR gastroduodenal OR pancreatico-duodenal
OR gastro-duodenal OR hypogastric OR "internal iliac") AND (artery OR
arteries)) OR "arteria coeliaca™ OR "arteria gastrica" OR "arteria
gastroduodenalis™ OR "arteria gastroepiploica™ OR "arteria hepatica” OR "arteria
lienalis” OR ™arteria mesenterica” OR “arteria renalis” OR "celiac axis" OR
"celiac trunk” OR "coeliac axis™ OR "coeliac trunk" OR "truncus celiacus™ OR
"truncus coeliacus"
#2 aneurysm OR aneurysms OR microaneurysm OR microaneurysms OR 181,556
pseudoaneurysm OR pseudoaneurysms
#3 diagnosis 11,042,488
#4 CT angiography OR computed tomography OR computed tomography 633,713
angiography
#5 #1 AND #2 AND #3 AND #4 6,577
#6 #1 AND #2 AND #3 AND #4 982
Filters: Clinical Trial, Comparative Study, Controlled Clinical Trial, Meta-
Analysis, Observational Study, Randomized Controlled Trial, Review, Systematic
Review, English, Italian
Cochrane Library, searched on 01/06/2022
Search | Query Results
#1 ((visceral OR renal OR splenic OR lienal OR hepatic OR celiac OR coeliac OR 12,849
gastric OR gastroepiploic OR mesenteric OR jejunal OR ileal OR iliac OR ilial
OR colic OR pancreaticoduodenal OR gastroduodenal OR pancreatico-duodenal
OR gastro-duodenal OR hypogastric OR "internal iliac") AND (artery OR
arteries)) OR "arteria coeliaca" OR "arteria gastrica" OR "arteria
gastroduodenalis™ OR "arteria gastroepiploica" OR "arteria hepatica" OR "arteria
lienalis" OR "arteria mesenterica" OR "arteria renalis" OR "celiac axis" OR
"celiac trunk" OR "coeliac axis" OR "coeliac trunk" OR "truncus celiacus" OR
"truncus coeliacus"
(Word variations have been searched)
#2 aneurysm OR aneurysms OR microaneurysm OR microaneurysms OR 5,592
pseudoaneurysm OR pseudoaneurysms
(Word variations have been searched)
#3 diagnosis 219,199
(Word variations have been searched)
#4 CT angiography OR computed tomography OR computed tomography 25,749
angiography
(Word variations have been searched)
#5 #1 AND #2 AND #3 AND #4 37

in Cochrane Reviews and Trials




) ) - Additional records identified
c Records |dent|f|§d through through other sources
o database searching (n = 1,019): (n=0)
T - PubMed (n =982)
‘-:E - Cochrane Library (n = 37)
[0}
o
~—
Y A 4
)
Records after duplicates removed
& (n=1,013)
'c
()
o
Q
wv
A 4
Records excluded
— Records screened > (n=973)
PR (n=1,013)
f=
%
=)
= A 4
Full-text articles excluded,
Full-text articles assessed - | with reasons (n = 34):
— for eligibility e - Population (n =13)
(n =40) - Intervention (n = 15)
- Full-text not available (n = 6)
e}
[}
©
=}
o
=
Y
~—

Studies included (n = 6)
- Observational study (n = 1)
- Narrative reviews (n = 5)

Supplementary Figure 1.—PICO 1 PRISMA flow diagram.



Supplementary Table I1.—PICO 1 search strategies.

PubMed, searched on 16/05/2022

Search

Query

Results

#1

((visceral OR renal OR splenic OR lienal OR hepatic OR celiac OR coeliac OR
gastric OR gastroepiploic OR mesenteric OR jejunal OR ileal OR iliac OR ilial
OR colic OR pancreaticoduodenal OR gastroduodenal OR pancreatico-duodenal
OR gastro-duodenal OR hypogastric OR "internal iliac") AND (artery OR
arteries)) OR "arteria coeliaca" OR "arteria gastrica" OR "arteria
gastroduodenalis" OR "arteria gastroepiploica” OR "arteria hepatica" OR "arteria
lienalis" OR "arteria mesenterica” OR "arteria renalis” OR "celiac axis" OR
"celiac trunk" OR "coeliac axis" OR "coeliac trunk™ OR "truncus celiacus" OR
"truncus coeliacus™

196,307

#2

aneurysm OR aneurysms OR microaneurysm OR microaneurysms OR
pseudoaneurysm OR pseudoaneurysms

181,278

#3

"Computed Tomography Angiography“[Mesh] OR computed tomography
angiography OR "Magnetic Resonance Angiography"[Mesh] OR magnetic
resonance angiography OR "Ultrasonography, Doppler, Duplex"[Mesh] OR
ultrasonography doppler duplex OR "Angiography, Digital Subtraction"[Mesh]
OR angiography digital subtraction

138,065

#4

screening OR prevention

7,980,053

#5

#1 AND #2 AND #3 AND #4

3,838

#6

#5 NOT ("case report"[Title] OR "case reports"[Title] OR "case
reports"[Publication Type] OR "letter"[Publication Type] OR
"editorial"[Publication Type] OR "comment"[Publication Type]) Filters: English,
Italian

1,560

Cochrane Library, searched on 16/05/2022

Search

Query

Results

#1

((visceral OR renal OR splenic OR lienal OR hepatic OR celiac OR coeliac OR
gastric OR gastroepiploic OR mesenteric OR jejunal OR ileal OR iliac OR ilial
OR colic OR pancreaticoduodenal OR gastroduodenal OR pancreatico-duodenal
OR gastro-duodenal OR hypogastric OR "internal iliac") AND (artery OR
arteries)) OR "arteria coeliaca" OR "arteria gastrica" OR "arteria
gastroduodenalis" OR "arteria gastroepiploica” OR "arteria hepatica" OR "arteria
lienalis" OR "arteria mesenterica” OR "arteria renalis" OR "celiac axis" OR
"celiac trunk" OR "coeliac axis" OR "coeliac trunk™ OR "truncus celiacus” OR
"truncus coeliacus

12,803

#2

aneurysm OR aneurysms OR microaneurysm OR microaneurysms OR
pseudoaneurysm OR pseudoaneurysms

5,567

#3

computed tomography angiography OR magnetic resonance angiography OR
ultrasonography doppler duplex OR angiography digital subtraction

4,608

#4

screening OR prevention

332,959

#5

#1 AND #2 AND #3 AND #4

33
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Supplementary Table 111.—PICO 3 search strategies.
PubMed, searched on 30/05/2022
Search | Query Results
#1 ((visceral OR renal OR splenic OR lienal OR hepatic OR celiac OR coeliac OR 196,343
gastric OR gastroepiploic OR mesenteric OR jejunal OR ileal OR iliac OR ilial
OR colic OR pancreaticoduodenal OR gastroduodenal OR pancreatico-duodenal
OR gastro-duodenal OR hypogastric OR "internal iliac") AND (artery OR
arteries)) OR "arteria coeliaca" OR "arteria gastrica" OR "arteria
gastroduodenalis™ OR "arteria gastroepiploica" OR "arteria hepatica" OR "arteria
lienalis" OR "arteria mesenterica” OR "arteria renalis” OR "celiac axis" OR
"celiac trunk" OR "coeliac axis™ OR "coeliac trunk" OR "truncus celiacus" OR
"truncus coeliacus"
#2 aneurysm OR aneurysms OR microaneurysm OR microaneurysms OR 181,509
pseudoaneurysm OR pseudoaneurysms
#3 associated disease OR concomitant disease OR comorbidity 4,544 676
#4 screening OR prevention 7,995,876
#5 #1 AND #2 AND #3 AND #4 8,398
#6 #1 AND #2 AND #3 AND #4 1,311
Filters: Clinical Trial, Comparative Study, Controlled Clinical Trial, Meta-
Analysis, Observational Study, Randomized Controlled Trial, Review, Systematic
Review, English, Italian
Cochrane Library, searched on 30/05/2022
Search | Query Results
#1 ((visceral OR renal OR splenic OR lienal OR hepatic OR celiac OR coeliac OR 12,804
gastric OR gastroepiploic OR mesenteric OR jejunal OR ileal OR iliac OR ilial
OR colic OR pancreaticoduodenal OR gastroduodenal OR pancreatico-duodenal
OR gastro-duodenal OR hypogastric OR "internal iliac") AND (artery OR
arteries)) OR "arteria coeliaca" OR "arteria gastrica" OR "arteria
gastroduodenalis™ OR "arteria gastroepiploica” OR "arteria hepatica" OR "arteria
lienalis" OR "arteria mesenterica" OR "arteria renalis" OR "celiac axis" OR
"celiac trunk" OR "coeliac axis™ OR "coeliac trunk" OR "truncus celiacus" OR
"truncus coeliacus"
(Word variations have been searched)
#2 aneurysm OR aneurysms OR microaneurysm OR microaneurysms OR 5,567
pseudoaneurysm OR pseudoaneurysms
(Word variations have been searched)
#3 associated disease OR concomitant disease OR comorbidity 164,355
(Word variations have been searched)
#4 screening OR prevention 332,968
(Word variations have been searched)
#5 #1 AND #2 AND #3 AND #4 93
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Supplementary Table IV.—PICO 1 and 2 search strategies on renal artery aneurysms.

PubMed, searched on 17/05/2022

Search | Query Results
#1 "visceral artery"[Title] OR "visceral arteries"[Title] OR "renal artery"[Title] OR 9,585
"renal arteries"[Title] OR "arteria renalis"[Title] OR ((“arterias"[All Fields] OR
"arteries"[MeSH Terms] OR "arteries"[All Fields] OR "arteria"[All Fields] OR
"arteriae"[All Fields]) AND "renis"[Title])
#2 aneurysm OR aneurysms OR microaneurysm OR microaneurysms OR 181,289
pseudoaneurysm OR pseudoaneurysms
#3 procedure OR procedures OR surgery OR surgeries OR technique OR techniques | 21,197,583
OR operation OR operations OR intervention OR interventions OR therapy OR
therapies OR management OR treatment OR treatments OR correction OR
corrections OR repair OR repairs OR revascularization OR revascularizations OR
reimplantation OR reimplantations OR resection OR resections OR embolization
OR embolizations OR aneurysmectomy OR aneurysmectomies OR bypass OR
bypasses OR graft OR grafts OR prosthesis OR prostheses OR endovascular OR
hybrid OR hybrids
#4 #1 AND #2 AND #3 1,785
#5 #4 NOT ("case report" OR "case reports" OR "case reports"[Publication Type] OR 660
"letter"[Publication Type] OR "editorial"[Publication Type] OR
"comment"[Publication Type])
Filters: English, Italian
Cochrane Library, searched on 17/05/2022
Search | Query Results
#1 visceral artery OR visceral arteries OR renal artery OR renal arteries OR arteria 5,166
renalis OR arteria renis
#2 aneurysm OR aneurysms OR microaneurysm OR microaneurysms OR 5,011
pseudoaneurysm OR pseudoaneurysms
#3 procedure OR procedures OR surgery OR surgeries OR technique OR technigues 1,453,624
OR operation OR operations OR intervention OR interventions OR therapy OR
therapies OR management OR treatment OR treatments OR correction OR
corrections OR repair OR repairs OR revascularization OR revascularizations OR
reimplantation OR reimplantations OR resection OR resections OR embolization
OR embolizations OR aneurysmectomy OR aneurysmectomies OR bypass OR
bypasses OR graft OR grafts OR prosthesis OR prostheses OR endovascular OR
hybrid OR hybrids
#4 #1 AND #2 AND #3 293
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Supplementary Table V.—PICO 1 and 2 search strategies on splenic artery aneurysms.

PubMed, searched on 24/05/2022

Search

Query

Results

#1

splenic artery OR lienal artery OR (spleen AND artery)

11,791

#2

aneurysm OR aneurysms OR microaneurysm OR microaneurysms OR
pseudoaneurysm OR pseudoaneurysms

181,414

#3

procedure OR procedures OR surgery OR surgeries OR technique OR
techniques OR operation OR operations OR intervention OR interventions OR
therapy OR therapies OR management OR treatment OR treatments OR
correction OR corrections OR repair OR repairs OR revascularization OR
revascularizations OR reimplantation OR resection OR resections OR
aneurysmectomy OR bypass OR graft OR grafts OR prosthesis OR prostheses
OR endovascular OR hybrid OR hybrids

21,190,840

#4

#1 AND #2 AND #3

2,012

#5

#4 NOT ("case report” OR "case reports" OR "case reports"[Publication Type]
OR "letter"[Publication Type] OR "editorial"[Publication Type] OR
"comment"[Publication Type])

Filters: English, Italian

622

Cochrane Library, searched on 24/05/2022

Search

Query

Results

#1

splenic artery OR lienal artery OR (spleen AND artery)

311

#2

aneurysm OR aneurysms OR microaneurysm OR microaneurysms OR
pseudoaneurysm OR pseudoaneurysms

5,567

#3

procedure OR procedures OR surgery OR surgeries OR technigue OR
techniques OR operation OR operations OR intervention OR interventions OR
therapy OR therapies OR management OR treatment OR treatments OR
correction OR corrections OR repair OR repairs OR revascularization OR
revascularizations OR reimplantation OR resection OR resections OR
aneurysmectomy OR bypass OR graft OR grafts OR prosthesis OR prostheses
OR endovascular OR hybrid OR hybrids

1,469,946

#4

#1 AND #2 AND #3
in Cochrane Reviews and Trials
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Supplementary Table VI.—PICO 1 and 2 search strategies on celiac artery aneurysms.

PubMed, searched on 02/05/2022

Search | Query Results
#1 celiac artery OR coeliac artery OR celiac trunk OR truncus 98,885
coeliacus OR celiac tripod OR coeliac tripod OR visceral
#2 endovascular OR open OR surgery OR surgical treatment OR 6,547,722
emergent treatment OR urgent treatment OR elective treatment
OR percutaneous OR stent OR stenting OR embolization OR coil
OR coiling
#3 aneurysm OR pseudoaneurysm 180,208
#4 | #1 AND #2 AND #3 4,114
Cochrane Library, searched on 19/05/2022
Search | Query Results
#1 celiac artery OR coeliac artery OR celiac trunk OR truncus 228 reviews
coeliacus OR celiac tripod OR coeliac tripod OR visceral 47 protocols
6,778 trials
1 editorial
14 clinical answers
#2 endovascular OR open OR surgery OR surgical treatment OR 8,419 reviews;
emergent treatment OR urgent treatment OR elective treatment 1,511 protocols;
OR percutaneous OR stent OR stenting OR embolization OR coil | 454,171 trials;
OR coiling 84 editorials;
22 special collections;
2,884 clinical answers
#3 aneurysm OR pseudoaneurysm 294 reviews;
46 protocols;
5,052 trials;
2 editorials;
33 clinical answers
#4 #1 AND #2 AND #3 14 reviews
2 protocols

25 trials
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Supplementary Table VII.—Search strategies on gastropancreaticoduodenal artery aneurysms (PICO

1 and 2) and pseudoaneurysms (PICO 3 and 4).
PubMed, searched on 23/05/2022
Search | Query Results
#1 gastroduodenal OR gastro-duodenal OR pancreaticoduodenal OR pancreatico- 15,547
duodenal
#2 aneurysm OR aneurysms OR microaneurysm OR microaneurysms OR 181,390
pseudoaneurysm OR pseudoaneurysms
#3 procedure OR procedures OR surgery OR surgeries OR technique OR techniques | 21,187,741
OR operation OR operations OR intervention OR interventions OR therapy OR
therapies OR management OR treatment OR treatments OR correction OR
corrections OR repair OR repairs OR revascularization OR revascularizations OR
reimplantation OR resection OR resections OR aneurysmectomy OR bypass OR
graft OR grafts OR prosthesis OR prostheses OR endovascular OR hybrid OR
hybrids
#4 #1 AND #2 AND #3 828
#5 #4 NOT ("case report"[Title] OR "case reports"[Title] OR "case 243
reports"[Publication Type] OR "letter"[Publication Type] OR
"editorial"[Publication Type] OR "comment"[Publication Type])
Filters: English, Italian
Cochrane Library, searched on 23/05/2022
Search | Query Results
#1 gastroduodenal OR gastro-duodenal OR pancreaticoduodenal OR pancreatico- 1,159
duodenal
#2 aneurysm OR aneurysms OR microaneurysm OR microaneurysms OR 5,567
pseudoaneurysm OR pseudoaneurysms
#3 procedure OR procedures OR surgery OR surgeries OR technigue OR techniques 1,469,943
OR operation OR operations OR intervention OR interventions OR therapy OR
therapies OR management OR treatment OR treatments OR correction OR
corrections OR repair OR repairs OR revascularization OR revascularizations OR
reimplantation OR resection OR resections OR aneurysmectomy OR bypass OR
graft OR grafts OR prosthesis OR prostheses OR endovascular OR hybrid OR
hybrids
#4 #1 AND #2 AND #3 2
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aneurysms.
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Supplementary Table VIII.—PICO 1, 2, 3, and 4 search strategies on hepatic artery aneurysms.

in Cochrane Reviews and Trials

PubMed, searched on 10/05/2022
Search | Query Results
#1 hepatic OR liver OR "arteria hepatica" 1,309,705
#2 aneurysm OR aneurysms OR microaneurysm OR microaneurysms OR 181,150
pseudoaneurysm OR pseudoaneurysms
#3 procedure OR procedures OR surgery OR surgeries OR technique OR techniques | 21,145,515
OR operation OR operations OR intervention OR interventions OR therapy OR
therapies OR management OR treatment OR treatments OR correction OR
corrections OR repair OR repairs OR revascularization OR revascularizations OR
reimplantation OR resection OR resections OR aneurysmectomy OR bypass OR
graft OR grafts OR prosthesis OR prostheses OR endovascular OR hybrid OR
hybrids
#4 #1 AND #2 AND #3 3,932
#5 #4 NOT ("case report"[Title] OR "case reports"[Title] OR "case 1,554
reports"[Publication Type] OR "letter"[Publication Type] OR
"editorial"[Publication Type] OR "comment"[Publication Type])
Filters: English, Italian
Cochrane Library, searched on 10/05/2022
Search | Query Results
#1 hepatic OR liver OR "arteria hepatica" 74,269
#2 aneurysm OR aneurysms OR microaneurysm OR microaneurysms OR 5,011
pseudoaneurysm OR pseudoaneurysms
#3 procedure OR procedures OR surgery OR surgeries OR technigue OR techniques 1,453,344
OR operation OR operations OR intervention OR interventions OR therapy OR
therapies OR management OR treatment OR treatments OR correction OR
corrections OR repair OR repairs OR revascularization OR revascularizations OR
reimplantation OR resection OR resections OR aneurysmectomy OR bypass OR
graft OR grafts OR prosthesis OR protheses OR endovascular OR hybrid OR
hybrids
#4 #1 AND #2 AND #3 160
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Supplementary Figure 12.—PICO 1 PRISMA flow diagram on hepatic artery aneurysms.
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Supplementary Table IX.—PICO 1 and 2 search strategies on mesenteric artery aneurysms.

PubMed, searched on 12/05/2022
Search | Query Results
#1 mesenteric artery OR mesenteric arteries 29,328
#2 aneurysm OR aneurysms OR microaneurysm OR microaneurysms OR 181,177
pseudoaneurysm OR pseudoaneurysms
#3 procedure OR procedures OR surgery OR surgeries OR technique OR techniques | 21,152,182
OR operation OR operations OR intervention OR interventions OR therapy OR
therapies OR management OR treatment OR treatments OR correction OR
corrections OR repair OR repairs OR revascularization OR revascularizations OR
reimplantation OR resection OR resections OR aneurysmectomy OR bypass OR
graft OR grafts OR prosthesis OR prostheses OR endovascular OR hybrid OR
hybrids
#4 #1 AND #2 AND #3 3,053
#5 #4 NOT ("case report"[Title] OR "case reports"[Title] OR "case 1,330
reports"[Publication Type] OR "letter"[Publication Type] OR
"editorial"[Publication Type] OR "comment"[Publication Type])
Filters: English, Italian
Cochrane Library, searched on 12/05/2022
Search | Query Results
#1 mesenteric artery OR mesenteric arteries 655
#2 aneurysm OR aneurysms OR microaneurysm OR microaneurysms OR 5,567
pseudoaneurysm OR pseudoaneurysms
#3 procedure OR procedures OR surgery OR surgeries OR technigue OR techniques 1,469,936
OR operation OR operations OR intervention OR interventions OR therapy OR
therapies OR management OR treatment OR treatments OR correction OR
corrections OR repair OR repairs OR revascularization OR revascularizations OR
reimplantation OR resection OR resections OR aneurysmectomy OR bypass OR
graft OR grafts OR prosthesis OR prostheses OR endovascular OR hybrid OR
hybrids
#4 #1 AND #2 AND #3 60

in Cochrane Reviews and Trials
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Supplementary Table X.—PICO 1 and 2 search strategies on jejunal, ileal, and colic artery

aneurysms.

PubMed, searched on 23/05/2022

in Cochrane Reviews and Trials

Search | Query Results
#1 (jejunal arter*) OR (ileal arter*) OR (ileum arter*) OR (ileocolic arter*) OR (colic 7,023
arter*)
#2 "endovascular procedures"[MeSH Terms] OR procedure* OR surg* OR 17,823,701
technique* OR operation* OR intervention* OR therap* OR management* OR
treatment OR treat* OR revascularization* OR reimplantation* OR resection* OR
aneurysmectom* OR bypass* OR graft* OR prosthes* OR endovascular OR
hybrid
#3 "aneurysm"[MeSH Terms] OR aneurysm* OR aneurism* OR "aneurysm, 181,881
false"[MeSH Terms] OR pseudoaneurysm* OR pseudo-aneurysm*
#4 #1 AND #2 AND #3 452
#5 #1 AND #2 AND #3 Filters: English, Italian 375
Cochrane Library, searched on 23/05/2022
Search | Query Results
#1 ((jejunal arter*) OR ((ileal arter*) OR (ileum arter*)) OR (ileocolic arter*) OR 143
(colic arter*)):ti,ab,kw (Word variations have been searched)
#2 (procedure* OR surg* OR technique* OR operation* OR intervention* OR 1,472,493
therap* OR management* OR treatment OR treat* OR revascularization* OR
reimplantation* OR resection* OR aneurysmectom* OR bypass* OR graft* OR
prosthes* OR endovascular OR hybrid):ti,ab,kw (Word variations have been
searched)
#3 ((aneurysm*) OR (aneurism*) OR (pseudoaneurysm*) OR (pseudo- 5,147
aneurysm*)):ti,ab,kw (Word variations have been searched)
#4 #1 AND #2 AND #3 2




Supplementary Figure 17.—PICO 1 PRISMA flow diagram on jejunal, ileal, and colic artery artery

aneurysms.
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Supplementary Figure 18.—PICO 2 PRISMA flow diagram on jejunal, ileal, and colic artery artery
aneurysms.



Supplementary Table XI1.—PICO 1 and 2 search strategies on isolated hypogastric artery aneurysms.

in Cochrane Reviews and Trials

PubMed, searched on 12/05/2022
Search | Query Results
#1 hypogastric OR internal iliac 10,977
#2 aneurysm OR aneurysms OR microaneurysm OR microaneurysms OR 181,180
pseudoaneurysm OR pseudoaneurysms
#3 procedure OR procedures OR surgery OR surgeries OR technique OR techniques | 21,152,306
OR operation OR operations OR intervention OR interventions OR therapy OR
therapies OR management OR treatment OR treatments OR correction OR
corrections OR repair OR repairs OR revascularization OR revascularizations OR
reimplantation OR resection OR resections OR aneurysmectomy OR bypass OR
graft OR grafts OR prosthesis OR prostheses OR endovascular OR hybrid OR
hybrids
#4 #1 AND #2 AND #3 1,704
#5 #4 NOT ("case report"[Title] OR "case reports"[Title] OR "case 819
reports"[Publication Type] OR "letter"[Publication Type] OR
"editorial"[Publication Type] OR "comment"[Publication Type])
Filters: English, Italian
Cochrane Library, searched on 12/05/2022
Search | Query Results
#1 hypogastric OR internal iliac 994
#2 aneurysm OR aneurysms OR microaneurysm OR microaneurysms OR 5,567
pseudoaneurysm OR pseudoaneurysms
#3 procedure OR procedures OR surgery OR surgeries OR technigue OR technigues 1,469,935
OR operation OR operations OR intervention OR interventions OR therapy OR
therapies OR management OR treatment OR treatments OR correction OR
corrections OR repair OR repairs OR revascularization OR revascularizations OR
reimplantation OR resection OR resections OR aneurysmectomy OR bypass OR
graft OR grafts OR prosthesis OR prostheses OR endovascular OR hybrid OR
hybrids
#4 #1 AND #2 AND #3 80
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Supplementary Table XI1.—PICO 1 and 2 search strategies on medical therapy and follow-up.

PubMed, searched on 31/05/2022

Search

Query

Results

#1

((visceral OR renal OR splenic OR lienal OR hepatic OR celiac OR coeliac OR
gastric OR gastroepiploic OR mesenteric OR jejunal OR ileal OR iliac OR ilial
OR colic OR pancreaticoduodenal OR gastroduodenal OR pancreatico-duodenal
OR gastro-duodenal OR hypogastric OR "internal iliac") AND (artery OR
arteries)) OR "arteria coeliaca" OR "arteria gastrica" OR "arteria
gastroduodenalis™ OR "arteria gastroepiploica” OR "arteria hepatica” OR "arteria
lienalis" OR "arteria mesenterica” OR "arteria renalis” OR "celiac axis" OR
"celiac trunk" OR "coeliac axis" OR "coeliac trunk™ OR "truncus celiacus” OR
"truncus coeliacus"

196,344

#2

aneurysm OR aneurysms OR microaneurysm OR microaneurysms OR
pseudoaneurysm OR pseudoaneurysms

181,512

#3

"Computed Tomography Angiography"[Mesh] OR computed tomography
angiography OR "Magnetic Resonance Angiography"[Mesh] OR magnetic
resonance angiography OR "Ultrasonography, Doppler, Duplex"[Mesh] OR
ultrasonography doppler duplex

130,315

#4

follow-up OR "follow up" OR surveillance OR monitoring

5,057,756

#5

#1 AND #2 AND #3 AND #4

1,604

#6

#5 NOT ("case report"[Title] OR "case reports"[Title] OR "case
reports"[Publication Type] OR "letter"[Publication Type] OR
"editorial"[Publication Type] OR "comment"[Publication Type]) Filters: English,
Italian

976

Cochrane Library, searched on 31/05/2022

Search

Query

Results

#1

((visceral OR renal OR splenic OR lienal OR hepatic OR celiac OR coeliac OR
gastric OR gastroepiploic OR mesenteric OR jejunal OR ileal OR iliac OR ilial
OR colic OR pancreaticoduodenal OR gastroduodenal OR pancreatico-duodenal
OR gastro-duodenal OR hypogastric OR "internal iliac') AND (artery OR
arteries)) OR "arteria coeliaca" OR "arteria gastrica" OR "arteria
gastroduodenalis" OR "arteria gastroepiploica” OR "arteria hepatica" OR "arteria
lienalis" OR "arteria mesenterica” OR "arteria renalis” OR "celiac axis" OR
"celiac trunk" OR "coeliac axis" OR "coeliac trunk" OR "truncus celiacus" OR
"truncus coeliacus

12,849

#2

aneurysm OR aneurysms OR microaneurysm OR microaneurysms OR
pseudoaneurysm OR pseudoaneurysms

5,592

#3

computed tomography angiography OR magnetic resonance angiography OR
ultrasonography doppler duplex

4,265

#4

follow-up OR "follow up" OR surveillance OR monitoring

383,418

#5

#1 AND #2 AND #3 AND #4

42




) ) » Additional records identified

- Records |dent|f|§d through through other sources

Z database searching (n =1,018): (n=0)

o - PubMed (n =976)

‘-‘é - Cochrane Library (n = 42)

[}

S
—

\ 4 A 4
)
Records after duplicates removed

2 (n=1,018)

c

[0}

o

A

A 4
Records excluded

~— Records screened > (n=951)
— (n=1,018)

Z

E

=)

= v

Full-text articles excluded,
Full-text articles assessed | with reasons (n = 67):
— for eligibility d - Full-text not available (n = 2)
(n=67) - Not relevant for PICO 1 and
PICO 2 (n = 65)

©

()

el

>

©

=

A

~—

Studies included (n = 0)

Supplementary Figure 21.—PICO 1 and 2 PRISMA flow diagram on medical therapy and follow-
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Supplementary Table XI11.—PICO 3 and 4 search strategies on medical therapy and follow-up.

PubMed, searched on 27/07/2022

Search

Query

Results

#1

((visceral OR renal OR splenic OR lienal OR hepatic OR celiac OR coeliac OR
gastric OR gastroepiploic OR mesenteric OR jejunal OR ileal OR iliac OR ilial
OR colic OR pancreaticoduodenal OR gastroduodenal OR pancreatico-duodenal
OR gastro-duodenal OR hypogastric OR "internal iliac') AND (artery OR
arteries)) OR "arteria coeliaca" OR "arteria gastrica" OR "arteria
gastroduodenalis™ OR "arteria gastroepiploica” OR "arteria hepatica” OR "arteria
lienalis" OR "arteria mesenterica” OR "arteria renalis” OR "celiac axis" OR
"celiac trunk" OR "coeliac axis" OR "coeliac trunk" OR "truncus celiacus" OR
"truncus coeliacus"

197,271

#2

aneurysm OR aneurysms OR microaneurysm OR microaneurysms OR
pseudoaneurysm OR pseudoaneurysms

182,851

#3

antithrombotic OR anticoagulant OR antiplatelet OR heparin OR DOAC OR
aspirin OR clopidogrel OR ticagrelor OR rivaroxaban OR apixaban OR
dabigatran OR edoxaban OR statin OR betablockers OR "medical therapy” OR
"drug therapy" OR "pharmacological therapy" OR "pharmacologic therapy" OR
"medical treatment" OR "drug treatment™ OR "pharmacological treatment” OR
"pharmacologic treatment” OR "smoking cessation" OR antihypertensive OR
angiotensin-converting enzyme inhibitors OR ACE-I OR angiotensin Il receptor 1
antagonists OR ATIIR1 OR antidiabetic

3,482,874

#4

#1 AND #2 AND #3

1,531

#5

#4 NOT ("case report"[Title] OR "case reports"[Title] OR "case
reports"[Publication Type] OR "letter"[Publication Type] OR
"editorial"[Publication Type] OR "comment"[Publication Type]) Filters: English,
Italian

663

Cochrane Library, searched on 27/07/2022

Search

Query

Results

#1

(((visceral OR renal OR splenic OR lienal OR hepatic OR celiac OR coeliac OR
gastric OR gastroepiploic OR mesenteric OR jejunal OR ileal OR iliac OR ilial
OR colic OR pancreaticoduodenal OR gastroduodenal OR pancreatico-duodenal
OR gastro-duodenal OR hypogastric OR "internal iliac") AND (artery OR
arteries)) OR "arteria coeliaca" OR "arteria gastrica" OR "arteria
gastroduodenalis" OR "arteria gastroepiploica” OR "arteria hepatica" OR "arteria
lienalis" OR "arteria mesenterica” OR "arteria renalis" OR "celiac axis" OR
"celiac trunk" OR "coeliac axis" OR "coeliac trunk™ OR "truncus celiacus” OR
"truncus coeliacus"):ti,ab,kw

(Word variations have been searched)

11,450

#2

(aneurysm OR aneurysms OR microaneurysm OR microaneurysms OR
pseudoaneurysm OR pseudoaneurysms):ti,ab,kw
(Word variations have been searched)

5,311

#3

(antithrombotic OR anticoagulant OR antiplatelet OR heparin OR DOAC OR
aspirin OR clopidogrel OR ticagrelor OR rivaroxaban OR apixaban OR
dabigatran OR edoxaban OR statin OR betablockers OR "medical therapy” OR
"drug therapy" OR "pharmacological therapy" OR "pharmacologic therapy" OR
"medical treatment” OR "drug treatment™ OR "pharmacological treatment” OR
"pharmacologic treatment” OR "smoking cessation" OR antihypertensive OR
angiotensin-converting enzyme inhibitors OR ACE-I OR angiotensin Il receptor 1
antagonists OR ATIIR1 OR antidiabetic):ti,ab,kw

(Word variations have been searched)

496,535

#4

#1 AND #2 AND #3
in Cochrane Reviews and Trials

98
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Supplementary Figure 22.—PICO 3 and 4 PRISMA flow diagram on medical therapy and follow-
up.



Interpretation of selected evidence

1. DIAGNOSIS AND SCREENING

PICO 1.1 Clinical question: In patients with suspected aneurysm/pseudoaneurysm of visceral or renal artery, is
Computed Tomography (CT) angiography more accurate than other modalities for the diagnosis and indication for
treatment?

The literature search identified one non-analytical article & and five review articles ®*2 relevant to the proposed PICO.
Although the included studies partially analyzed the same population of interest (patients with suspected aneurysm of the
visceral or renal artery), they addressed considerably different aspects and did not draw a common conclusion regarding
the accuracy of CT angiography. The five reviews, despite the lack of a dedicated design, suggested that CT angiography
should be the first-choice imaging in both urgent and elective cases, due to its higher accuracy, lower invasiveness, and
better ease of execution, compared with other imaging modalities.

PICO 1.2 Clinical question: Should patients diagnosed with visceral or renal artery aneurysms be screened with
additional imaging to look for potential concomitant aneurysms in different locations to prevent complications, instead
of forgoing further diagnostic examinations?

To date, no studies have found an answer to the proposed clinical question. There are no guidelines or studies supporting
the need for additional investigations to detect concomitant aneurysms in other locations. CT angiography alone, widely
employed nationwide, allows to diagnose and plan the treatment of the detected aneurysm. With the same exam, the
presence of concomitant aneurysms in other locations within the same imaging scans can be evaluated. Given the
widespread availability of this imaging modality, and the limited risks for the patients, the panel of experts decided to
formulate a good clinical practice point recommendation in this regard.

PICO 1.3 Clinical question: Should patients with visceral or renal artery aneurysms be screened for associated
underlying pathologies?

To date, literature has provided limited evidence in support of the screening for associated underlying pathologies. Despite
analyzing the same population of interest (patients with visceral or renal artery aneurysms), the included studies addressed
considerably different aspects, and did not draw a common conclusion regarding the possible screening for associated
underlying conditions. One study, despite the low number of patients and the lack of a dedicated design, suggested that
in individuals with visceral or renal artery aneurysms an ultrasound screening for popliteal aneurysms might be indicated
14, The second selected article endorsed the assessment of fibromuscular dysplasia in patients with visceral or renal artery
aneurysms %,

2. INDICATIONS AND TREATMENT OPTIONS
2.1 RENAL ARTERY ANEURYSMS

PICO 2.1.1 Clinical question: In a patient with an aneurysm/pseudoaneurysm of the renal arteries, when is it justified
to propose a surgical/endovascular treatment compared to medical therapy/follow-up alone to improve the outcome?



There are no recent randomized controlled trials in the literature regarding the management of visceral aneurysms and
renal arteries. The most significant meta-analysis and systematic review on the topic was published by Barrionuevo et al.
in 2019 and analyzes all the works published between 1980 and 27 March 2017 concerning visceral and renal arteries
aneurysms; this meta-analysis takes into consideration 1279 renal artery aneurysms, of which 358 treated with an
endovascular approach and 921 treated with an open surgical approach '°. The growth rate of renal artery aneurysms is
very low (about 0.06 to 0.6 mm per year) and the natural history of aneurysms larger than 2 cm is associated with a low
risk of rupture and a slow growth rate '”-1°. The most recent literature, indeed, has highlighted a threshold greater than or
equal to 3 cm in diameter to give the indication for the elective treatment; however, in consideration of the characteristics
of individual cases, treatment threshold may variate below 3 c¢cm in diameter in the following cases: distal location,
saccular morphology and rapid growth. From the analysis of selected studies, it emerged that the rupture of renal
aneurysms is associated with a mortality equal to 10% in the general population, therefore emergency repair surgery is
indicated in this case 22!, Renal artery pseudoaneurysms, as well as all other visceral arteries pseudoaneurysms, have a
higher risk of rupture than true aneurysms ', and for this reason literature generally recommends the treatment of a renal
artery pseudoaneurysm regardless of its diameter. Pregnancy is associated with an increased risk of aneurysm rupture,
and the maternal and fetal mortality rates associated with aneurysmal rupture reported in literature range from 56% to
84% and 82% to 100%, respectively. Evidence supports intervention in patients of childbearing age with renal artery
aneurysm and acceptable operative risk even in case of diameters less than 3 cm 2% 23,

PICO 2.1.2 Clinical question: Which intervention/procedure is preferable in terms of outcome in patients with renal
artery aneurysm/pseudoaneurysm?

We identified a single systematic review and meta-analysis and two comparative cohort studies comparing endovascular
treatment with open surgery % 24 25, Barrionuevo et al. and Gwon et al. showed substantial clinical similarity between
endovascular and open surgery approaches, with only a reduced but not statistically significant rate of reinterventions in
the open technique compared to the endovascular technique (0.16 [95% Cl, 0.00-0.42] vs 0.03 [95% CI, 0.00-0.08]) ¢ 24,
Reintervention rate was substantially overlapping in the results reported by Li et al., as well as the rate of complications,
and antihypertensive efficacy 2°. In terms of blood loss, duration of the procedure, intensive care unit stay, and
hospitalization Li et al. reported the superiority of endovascular technique, although a lower reintervention rate seemed
to characterize the open technique, which justifies a preferential surgical approach, especially considering that these
patients are often young with a prolonged life expectancy °. Furthermore, literature showed satisfactory results regarding
open surgery in the treatment of complex aneurysms 2. On the other hand, the endovascular approach, when technically
feasible, is preferred in patients with multiple comorbidities and a poor life expectancy 72" 28,

As demonstrated in literature, ex-vivo surgical technique is safe and effective in treating the majority of complex
aneurysms 2°. Although outcomes were not significantly different when compared with open and endovascular surgery,
autotransplant is more effective in preserving renal function 2. Therefore, this technique should be preferred in complex
aneurysms based on location or morphology, where prolonged ischemia time (>35 minutes) would expose to a higher risk
of renal damage, and in patients with reduced renal function or those with a single functioning kidney 2.

Literature review has shown encouraging results on the use of flow-modulating stents, micromesh stents, and in vivo
overlapping stent technique. These therapeutic strategies have demonstrated vessel patency rates slightly below 94%,
almost 90% complete sac thrombosis, and a 93.4% reduction/stabilization of the sac *. According to this systematic
review and meta-analysis, the outcomes were generally reported for aneurysms of the abdominal visceral arteries
(including 29 renal artery aneurysms out of a total of 225 visceral arteries aneurysms). Therefore, in selected situations
based on anatomical characteristics, such as aneurysms or pseudoaneurysms involving the main branch or collateral
branches that need to be preserved, the use of covered or uncovered stents should be taken into consideration *°.

2.2 SPLENIC ARTERY ANEURYSMS

PICO 2.2.1 Clinical Question: When is it justified to propose surgical/endovascular treatment, compared with medical
therapy/follow-up alone, to improve the outcomes of patients with a splenic artery aneurysm/pseudoaneurysm?



In almost all selected papers in case of ruptured aneurysms/pseudoaneurysms, authors have agreed that emergency
surgical/endovascular treatment is recommended. In case of symptomatic aneurysms/pseudoaneurysms and in case of
pseudoaneurysms, authors agree that surgical/endovascular treatment is recommended as soon as possible 334, A
systematic review and meta-analysis comparing management and outcome of open surgery versus endovascular treatment
versus conservative treatment, conducted by Hogendoorn et al. %, based on data collected from 1321 patients in 47
articles, together with articles by other authors 3 %, suggest active surveillance with both clinical and imaging-based
follow-up in case of: a) splenic artery aneurysms less than 3 cm in diameter, b) dimensional stability at follow-up imaging,
c) significant comorbidities, d) limited life expectancy. In a systematic review of 74 patients with splenic artery
aneurysms, Batagini et al. % have highlighted that most splenic artery aneurysms remain stable and they have identified
portal hypertension as the main risk factor for volume progression. In almost all selected papers, authors have indicated
elective treatment in case of splenic artery aneurysms more than 3 cm in diameter 163 36.3° Chaer et al. ¥, authors of the
most recent American vascular surgery guidelines on the management of visceral aneurysms, propose observation based
on a more controversial indication for the treatment of splenic artery aneurysms in asymptomatic patients ranging from 2
to 3 cm in diameter. On the other hand, Pulli et al. 4°, Venturini et al. 443, Abbas et al. 32, Wang et al. #, and Dorigo et al.
4 have suggested elective treatment. In the case of splenic artery aneurysms less than 2 cm in diameter, in the absence of
other risk factors, elective treatment is suggested only in cases of demonstrated rapid volumetric growth 16:3%.46.47 The
possible protective role of vessel wall calcifications is also being debated. According to Lakin et al. 4" and Sano et al. %,
wall calcifications do have a protective role and may slow down aneurysm growth. However, such protective factor is
questionable for other authors “°. Because of the high risk of rupture, portal hypertension and liver transplant are
significant objective elements in favour of treating splenic artery aneurysms, regardless of their size, as argued by Phan
et al. 5% and Kobori et al 5. Another major risk factor for ruptured splenic artery aneurysms is pregnancy, as highlighted
by Ha et al. 5 and Aung et al. %2, Specifically, in a review on 32 ruptured aneurysms in pregnant women, Ha et al. report
how the average diameter of half of the splenic artery aneurysms was less than 2 cm; however, according to other authors,
such as Nanez et al. 5, the risk of ruptured splenic artery aneurysms in pregnancy is relatively rare. The timing of possible
treatment in pregnancy of splenic artery aneurysms is still a matter of debate. Surgical treatment is generally suggested
during the second trimester, when embryogenesis is completed, though the size of the uterus has not yet precluded
exposure of the aneurysm 2, In the case of detection of splenic artery aneurysms in a young woman of childbearing age,
close imaging monitoring (Computed Tomography, Magnetic Resonance Imaging, Doppler ultrasound) and treatment in
case of rapid volumetric growth are suggested 6 3% 55-57,

PICO 2.2.2 Clinical Question: In a patient with a splenic artery aneurysm/pseudoaneurysm, which
intervention/procedure should be carried out in order to obtain better outcomes?

In case of emergency/urgency (ruptured, symptomatic splenic artery aneurysms, pseudoaneurysms), the choice between
surgical and endovascular treatment depends on many factors, including the feasibility of the two treatment options, which
is also influenced by a) logistics, b) the type of splenic artery aneurysm (true or pseudoaneurysm), c) its location, d) its
morphological features, e) patient’s age, and f) patient’s comorbidities. In general, the endovascular option is considered
to be safer in terms of lower morbidity, mortality, and hospitalization time rates. Mortality rates and treatment costs are
lower in both ruptured and intact splenic artery aneurysm treatments. In a systematic review and meta-analysis carried
out by Hogendoorn et al. %, the mortality rate 30 days after surgical treatment versus endovascular treatment was found
to be 5% versus 0.6% respectively, in case of intact splenic artery aneurysms (9% vs 2%, in case of ruptured cases). Also,
the average hospitalization time after surgery was found to be significantly higher than after endovascular treatment (9.8
vs 2.0 days). Considering splenic artery aneurysms elective treatment, Hogendoorn et al. 58 pointed out, in another
systematic review, that compared with open surgery, overall costs are lower in case of endovascular treatment (-$3,384),
which, however, has higher reintervention rates. Therefore, whenever possible, also based on clinical, anatomical,
multidisciplinary, and logistic evaluations, endovascular treatment is recommended over surgical treatment because it is
less invasive, it has lower morbidity and mortality rates, lower costs and shorter hospitalization times, both in elective
treatment and in emergency settings 3142 43.59-66 eyen though surgical treatment has lower reintervention rates. In case of
splenic artery aneurysms during pregnancy, the choice is more debated, partly because of issues related to the impact of
radiation on the foetus 52 53 &7, |n case of hilar splenic artery aneurysms, the choice of treatment is also debated. Hilar
aneurysms may be treated endovascularly only by means of embolization with sacrifice of the target vessel if the
aneurysms are fusiform, with a consequent higher risk of splenic infarction 4% 6% Again, based on clinical, anatomical,
multidisciplinary, and logistical evaluations, although surgical treatment has been advocated for the treatment of giant



splenic artery aneurysms more than 5 cm in diameter, especially in case of compressive effect 7, the endovascular option
may also be considered ™.

2.3 CELIAC ARTERY ANEURYSMS

PICO 2.3.1 Clinical question: In patients with celiac artery aneurysm/pseudoaneurysm, when is surgical and/or
endovascular intervention indicated against medical therapy alone to reduce the risk of rupture?

In patients with celiac artery aneurysms, data collected indicate that intervention is recommended in asymptomatic
patients when aneurysm size is 2 cm or greater 1% 38 729 Symptomatic celiac tripod aneurysms should be treated
regardless of their size. Pseudoaneurysms of the celiac artery should always be carefully evaluated and, also in this case,
treated regardless of their size 6 38 7292 |n a single paper in which medical therapy was indicated (wait-and-see),
aneurysms growth was almost zero at one-year follow-up %. In asymptomatic patients with known celiac artery
aneurysms smaller than 2 cm in size, follow-up may be indicated and treatment should be performed when aneurysm size
is greater than or equal to 2 cm. Literature suggests the treatment of celiac artery aneurysms in special cases as well
(women of childbearing age, patients in whom liver transplantation is planned, etiology), even if without reporting a
dedicated case history 7> 78, Regardless of the proposed intervention, data suggest a clinical benefit to patients in terms
of quality of life, yet risks associated with surgery must be weighed against the possible benefit of conservative treatment
considering the high risk of rupture and patient comorbidities &, The overall number of patients evaluated allows a
rather reliable assessment regarding this PICO and the data obtained from the authors' analysis was considered quite
relevant to the target population. The risk of bias is considered unclear.

PICO 2.3.2 Clinical question: In patients with celiac artery aneurysm/pseudoaneurysm, with an indication for
intervention, is endovascular treatment more suitable than open surgery to improve clinical success?

Many of the narrative reviews evaluated both procedures ™ 7984 86. 93,94 with only a couple of observational studies
reporting a direct comparison between endovascular and open treatment 8 %; most observational studies reported results
regarding a single treatment option 72 74 75-77. 79, 96-103 "\whjlst others were simple narrative reviews & 87.104.105 - A single
systematic review compared the mortality and complications of the two techniques, commenting on the absence of direct
comparisons ¢, Despite the heterogeneity of all these studies, the data obtained from the authors' evaluation were
considered quite relevant to the target population. The risk of bias was considered unclear/low. The analysis performed
on the population with celiac artery aneurysms showed that endovascular intervention may represent the first choice,
especially in cases of favorable anatomy or severe comorbidities 16 72 75 82,87, 94,96, 102 The gpen surgical option might be
considered the best option in patients with hostile anatomy, in case of failure of endovascular treatment or in emergency
situations and in cases with severe hemodynamic instability 16 73 77, 79 81, 83-85,93, 95, 99 Although there was a substantial
overlap in efficacy in the medium term between the two interventions, the endovascular treatment offers the benefit of
shorter hospital stay and a reduced number of postoperative complications over open surgery. The most severe
complications, although statistically not significant, include possible organ ischemia secondary to stent or bypass
occlusion or potential bleeding following artery rupture, regardless of the type of approach used 16 75 76,79, 82 88-90, 97,
Considering the greater invasiveness of the procedure itself, open surgical intervention has a potentially more severe
impact on patients' lives, particularly on districts such as the intestinal tract (e.g., transit delay) and cardiac district (e.qg.,
myocardial ischemia, heart failure) 778 1% Regardless of the type of intervention, celiac artery revascularization using
stents or bypass should be preferred versus ligature or embolization to preserve function 8 8 % Although complication
rates differed considerably between the two interventions, treatment of celiac artery aneurysms is acceptable to both the
patient and family members.

2.4 GASTROPANCREATICODUODENAL ARTERIES ANEURYSMS



PICO 2.4.1 Clinical question: In patients with aneurysms of the gastropancreaticoduodenal arteries, when is it justified
to propose a surgical/endovascular treatment rather than medical therapy/follow up alone to improve the outcomes?

There are no randomised controlled trials responding to the PICO question. Among the most recent articles, two reviews
106, 107 and two case series 1% 1% are available. The analysed studies present overlapping results and conclusions.
Specifically, it was found that the risk of rupture of aneurysms of the gastropancreaticoduodenal arteries was independent
from their size and that the technical success of both endovascular and open elective treatment was satisfactory (90%
according to Vandy et al. %, 100 % according to Michalinos et al. 1°7). Therefore, a unanimous opinion emerged regarding
the elective treatment of aneurysms of the gastropancreaticoduodenal arteries regardless of their size.

PICO 2.4.2 Clinical question: In patients with aneurysms of the gastropancreaticoduodenal arteries, which
intervention/procedure is preferable in terms of outcomes?

Three reviews and three case series relative to the PICO question have recently been published. A first review from 2019
(Michalinos et al. 1°7) underlines that the endovascular approach is characterised by a lower mortality and morbidity rate
compared to the open treatment, even if technical success was similar. Furthermore, several procedures reveal that the
endovascular treatment was proposed, when feasible, as the first-choice option, since it is characterized by a lower rate
of complications, even if often subjected to a higher need for reinterventions %1%, VVandy et al. report a very low mortality
rate for patients with aneurysms of the gastropancreaticoduodenal arteries, relating it to the increasingly frequent use of
endovascular treatments for incidentally found aneurysms 1%. Among the analysed studies, no one suggests the systematic
revascularisation, either open or endovascular, of the coeliac artery when its stenosis is found as a possible aetiological
cause of the aneurysm itself 1% 10°_ On the other hand, the panel agrees in suggesting, as a good practice point, the
revascularisation of the gastropancreaticoduodenal aneurysm when it is also associated with obstructive lesions affecting
all three intestinal arteries (coeliac, superior and inferior mesenteric arteries). Finally, the authors agree in not
contraindicating the use of the open surgical approach, although recognising the advantages of the endovascular
technique, as already mentioned. In this sense, Bonardelli et al. ''° suggest a therapeutic approach to be customised
according to the patient's characteristics, diagnosis, timing, and vascular anatomy.

PICO 2.4.3 Clinical question: In patients with pseudoaneurysms of the gastropancreaticoduodenal arteries, when is it
justified to propose a surgical/endovascular treatment rather than medical therapy/follow up alone to improve the
outcomes?

There are no randomised controlled trials responding to the PICO question. We identified two articles to make the
recommendations, as they were adequate in terms of study design and responded to the PICO question. Specifically, a
retrospective observational study *° and a narrative review ! were identified. They showed a weak scientific relevance
(level of evidence 4) in relation to the study design and the few cases reported; therefore, the risk of bias might be
considered. However, the studies are relevant for the target population and report similar results and conclusions.
Although no relation has been reported between pseudoaneurysm size and risk of rupture, based on experts’ opinions and
on the aforementioned articles, both open and endovascular solutions are acceptable, in order to control bleeding in
emergencies and to avoiding pseudoaneurysm rupture in the elective setting. The technical success of the interventions is
satisfactory (90% for the endovascular treatment and 83% for the open treatment according to Bonardelli et al. 1%9).
Therefore, although with limited data, a unanimous opinion emerges regarding the need for treatment of pseudoaneurysms
of the gastricopancreaticoduodenal arteries regardless of size, both in emergencies and electively. Clinical trials
comparing treatment and surveillance of non-ruptured pseudoaneurysms are desirable in order to identify whether there
is a size threshold or a morphologic aspect for which the treatment-related risks do not outweigh the risks of
pseudoaneurysm ruptures.



PICO 2.4.4 Clinical question: In patients with pseudoaneurysms of the gastropancreaticoduodenal arteries, which
intervention/procedure is preferable in terms of outcomes?

The literature research led to the selection of eight articles for the formulation of the recommendations, as they were
adequate in terms of study design and responded to the PICO question. Specifically, five retrospective observational
studies 110 112115 3 narrative review %, a case series 6 and a cohort study 7. Overall, all of them had a low
methodological relevance in terms of study design and number of cases, therefore biases might exist. Furthermore, some
of the reported outcomes do not specifically refer to the target population but include more generic outcomes that consider
pseudoaneurysms of visceral arteries. Despite that, the evaluated studies are relevant for the target population and report
similar results and conclusions. As reported in a retrospective observational study from Bonardelli et al. %, the
endovascular treatment is to be preferred as a first approach if the location, size and anatomy of the vessel make the
treatment feasible. Surgical treatment is to be preferred when the patient is haemodynamically unstable, if visceral
resection is required, or in case the endovascular treatment is contraindicated or might have a high chance of failure.
Referring to the narrative review by Kallamadi et al. 1, the endovascular treatment has some advantages, such as less
invasiveness and complications than surgical treatment. It allows a better pseudoaneurysm evaluation and selective
embolization, sparing other vessels. It can be associated with the treatment of celiac stenosis when present. However, as
also stated by Murata et al. 15, the surgical treatment remains a viable option even after failure of endovascular treatment.

Gupta et al. %6 described some cases of bleeding gastropancreaticoduodenal arteries pseudoaneurysms in patients with
chronic pancreatitis, suggesting that the endovascular treatment is indicated in most patients and may involve the use of
thrombin if the aneurysm neck is narrow enough (less than 2 cm). Surgery is to be preferred depending on the location of
the pseudoaneurysm and the underlying disease process. Clinical trials comparing surgical and endovascular treatment of
ruptured pseudoaneurysms as well as electively treated pseudoaneurysms are still necessary to identify potential
advantages of one over the other treatment options in terms of technical and clinical success.

2.5 HEPATIC ARTERY ANEURYSMS

PICO 2.5.1 Clinical question: In patients with aneurysms/pseudoaneurysms of the hepatic artery, when is it justified to
propose a surgical/endovascular treatment rather than medical therapy/follow up alone to improve the outcomes?

According to literature, hepatic artery pseudoaneurysms account for 25% to 80% of reported cases and often occur after
traumatic or iatrogenic traumas & 119, Patient’s clinical history and specific imaging findings allow to distinguish false
aneurysms from true aneurysms. Imaging findings specific for pseudoaneurysms are focal arterial disruptions in a normal
arterial setting and hematoma formation with inflammatory changes around the pseudoaneurysmatic sac. Most
pseudoaneurysm cases are symptomatic at presentation with gastrointestinal bleeding and/or haemobilia, therefore
differing from true aneurysm presentation "®. Regarding pseudoaneurysm treatment, there are no randomized controlled
trials, but only cohort studies are available. Due to a high propensity for rupture and significant disease-related mortality,
treatment of all hepatic artery pseudoaneurysms is recommended, regardless of cause, as soon as diagnosed. Due to the
rarity of these aneurysms, the natural history of hepatic artery aneurysms is unknown, making any recommendation for
asymptomatic aneurysms controversial. The literature review process found mostly cohort studies, with low level of
evidence given the retrospective setting. It was found that in the population with ruptured aneurysms the probability of
rupture was higher when the diameter was >2 cm 38 76. 118123 Ahhgas et al. observed that, in a retrospective cohort of 36
patients with hepatic artery aneurysm managed non-operatively for 68 months, aneurysms enlarged in only 27% of cases,
without evidence of any complications 1?2, Given the high morbidity and mortality rate after hepatic artery aneurysm
rupture (30% mortality rate described in one series ?2) and the low morbidity and mortality rate after elective hepatic
artery aneurysm repair (0% mortality rate described in the same study ??), the elective treatment is recommended in
patients with aneurysms >2 cm or with a high increasing size rate (>0.5 cm/years), having been taken into account patient's
comorbidities and life expectancy. Stark et al. demonstrated a 10-times higher incidence of rupture in women when
compared to the male population, with a low rate of clinically asymptomatic patients (19% women versus 81% men).
Moreover, female patients that presented with hepatic artery aneurysm rupture were older (more than 60 years of age)



and with a mean aneurysm diameter of 2.5 + 1.2 cm 2, The presence of higher rupture rates in the female population
requires indeed further investigations. Since hepatic artery aneurysms of non-atherosclerotic origin show higher rupture
rate (incidence of 60% in patients with vasculitis and 50% in both Ehlers-Danlos syndrome type IV and alpha-1-
antitrypsin deficiency patients), the elective treatment is recommended in patients with hepatic artery aneurysms even in
case of diameters inferior to 2 cm 24 125,

PICO 2.5.2 Clinical question: In patients with an aneurysm/pseudoaneurysm of the hepatic artery, which
intervention/procedure is preferable in terms of outcomes?

Hepatic artery aneurysms can be treated both open and endovascularly. The literature review found two systematic
reviews and several observational cohort studies. The reviewed studies showed comparable long-term outcomes when
treating hepatic artery aneurysms through open and endovascular repair; however, postoperative morbidity was
significantly worse in case of open rather than endovascular approach. Since endovascular techniques improved and the
morbidity rates associated with this type of treatment were relatively lower, in case of favorable anatomy the endovascular
option should be preferentially offered to patients & 126,

PICO 2.5.3 Clinical question: In patients with extra-hepatic aneurysms/pseudoaneurysms suitable for repair, is it
preferable to maintain hepatic arterial circulation over endovascular vessel ligation/closure to avoid hepatic necrosis?

The literature review highlighted several systematic reviews and cohort studies, with a prevalence of observational
studies. The ideal procedure should consist in aneurysm exclusion preserving liver circulation; this result could be
obtained through stent-graft placement/coils embolization with endovascular exclusion of the aneurysm or by aneurysm
resection and graft interposition. The use of stent-graft is mainly limited by anatomical factors, including a favorable
anatomical setting that allows endovascular access to the aneurysm, an adequate "sealing zone" both proximal and distal
and the absence of collateral pathways originating along or from the aneurysm itself 1626127 In case of low-risk patients
in which stent-graft placement might not be feasible, despite possible adequate collateral flow might be obtained through
an endovascular exclusion as well, consider open surgical repair through autologous vein conduit to lower the chance of
central necrosis 2. In case of demonstrated patency of the pancreaticogastroduodenal arterial system, hepatic artery
aneurysms located proximally to the origin of gastro-duodenal artery and to the right gastric artery could be considered
for coil embolization with complete vascular exclusion of the main vessel %,

PICO 2.5.4 Clinical question: In patients with intra-hepatic aneurysms/pseudoaneurysms suitable for repair, is it
preferable the endovascular treatment over surgical lobe resection to preserve hepatic function?

The literature review found several systematic reviews and observational cohort studies. Intra-hepatic aneurysms require
the resection of the entire lobe where the aneurysm is located; however, given the numerous comorbidities associated
with liver resection surgery, an endovascular approach, if anatomically feasible, would be a valuable treatment strategy
for this type of vascular lesions. Complications related to intra-hepatic artery aneurysm embolization include liver
ischemia, abscess/biloma formation, cholecystitis and possible recanalization 6. The endovascular treatment is not
recommended in patient with giant aneurysms involving a whole liver segment and/or lobe, given the high chance of

massive liver necrosis related to the endovascular treatment; in these patients, the hepatic resection should be considered
130



2.6 MESENTERIC ARTERIES ANEURYSMS

PICO 2.6.1 Clinical question: In patients with a mesenteric artery aneurysm/pseudoaneurysm, when is it justified to
propose surgical/endovascular treatment compared to medical therapy/follow-up alone to improve the outcomes?

Knowledge regarding the natural history of superior and inferior mesenteric artery aneurysms primarily derives from case
series or retrospective cohort studies. There are no randomized studies comparing a conservative approach to corrective
intervention. Another limitation of the existing literature is the frequent grouping of mesenteric artery aneurysms with
cohorts of patients with aneurysms of other visceral arteries. Generally, the indication for surgical or endovascular
treatment of a mesenteric artery aneurysm is justified when the risks associated with the natural history of the pathology
(specifically, the risk of rupture) outweigh the risks associated with the intervention. True aneurysms of the mesenteric
arteries can be asymptomatic or symptomatic with abdominal pain. Less common symptoms include nausea and
gastrointestinal bleeding. The natural history of asymptomatic aneurysms is characterized by a tendency to increase in
size potentially leading to rupture 3. The evidence is consistent in concluding that the presence of asymptomatic true
aneurysms of the superior or inferior mesenteric artery measuring >20 mm is an indication for treatment 31132, One study
133 suggested using a cut-off diameter of 25 mm for intervention. Only one study conducted on a series of 21 superior
mesenteric artery aneurysms suggested treatment regardless of size 3. It is worth noting that recommendations regarding
the cut-off diameter for treatment are primarily based on observations of the diameter of aneurysms that rupture at the
time of presentation, as well as the high rate of major complications or mortality (38-58%) for emergency interventions
compared to elective interventions (0-10%) 32 134 When comparing invasive treatment to monitoring, the analysed
studies have a significant selection bias as larger aneurysms are predominantly treated. Furthermore, existing studies are
unable to differentiate the natural history of saccular morphology aneurysms from fusiform ones. The presence of
symptoms is usually associated with larger aneurysms, rapid growth, or rupture. Therefore, the presence of symptoms or
signs of rupture represents a medical emergency that places the patient at immediate life-threatening risk and requires
prompt correction. Mycotic aneurysms affecting the superior mesenteric artery are relatively common and are described
in 15-20% of mesenteric artery aneurysm cases 3-1%, The most frequent cause is bacterial endocarditis. Dissecting
aneurysms are characterized by isolated dissection of the superior mesenteric artery (SISMAD) 3, which can progress
to artery dilation. Mycotic 3 and dissecting aneurysms are considered to be at higher risk of rupture than asymptomatic
true aneurysms; therefore, treatment is warranted in all cases regardless of diameter. Pseudoaneurysms of the mesenteric
arteries can result from inflammatory/infectious processes (e.g., acute pancreatitis), iatrogenic or accidental trauma.
Pseudoaneurysms carry a higher risk of complications compared to true aneurysms, therefore their treatment is indicated
in all cases regardless of size %,

PICO 2.6.2 Clinical question: In patients with a mesenteric artery aneurysm/pseudoaneurysm, which
intervention/procedure is preferable in terms of outcomes?

There are no randomised controlled trials in the literature comparing treatment strategies (open versus endovascular
surgery) for mesenteric artery aneurysms. From the literature search, the meta-analysis and systematic review published
by Barrionuevo et al.'® was selected, which analyses 80 observational studies, with a total of 2845 visceral aneurysms and
pseudoaneurysms of which 95 were of the superior mesenteric artery, 38 treated with endovascular approach, 57 with
open surgery. Despite the small number of comparative studies, the data on short- and long-term mortality and
perioperative complications are in favour of endovascular surgery as the first-line treatment choice. On the other hand,
the rate of reinterventions was lower after open surgery. Five retrospective cohort studies 3% 133 138-140 \were identified, in
overall agreement on results and conclusions: endovascular treatment is safe and effective, could be the treatment of
choice in emergencies **° and, when technically feasible, should be preferred as it is less invasive and associated with
shorter hospital stays 1“°. The literature search also identified nine observational studies/case series 9 134 137, 141-146 \yjth
low level of evidence, non-comparative and with small sample sizes; in some cases, the results reported aggregate data
relating to all visceral aneurysms, not only specific for the mesenteric arteries. Despite these limitations, the studies tend
to agree in their conclusions. The technique of choice in endovascular treatment should be left to the discretion of the
operator: in the selected studies, the technical success was higher when using bare stent (dissecting aneurysm) 42, covered



stent, coiling, double lumen balloon-assisted 4 and overlapping bare metal stent 46, Endovascular treatment and open
surgery are both characterised by high technical success and all patients with aneurysm of the superior mesenteric artery
fit for repair can be considered for surgery 3. Open surgery (ligation, aneurysmectomy and bypass) has acceptable
morbidity and mortality 3" ® and can be considered in cases of unfavourable anatomy, failure of endovascular treatment
and as primary treatment in mycotic aneurysms.

2.7 JEJUNAL, ILEAL AND COLIC ARTERIES ANEURYSMS

PICO 2.7.1 Clinical question: In a patient with an aneurysm/pseudoaneurysm of the jejunal, ileal or colic artery, when
is surgical/endovascular treatment indicated versus medical therapy or watchful waiting to improve outcome?

Five of the six publications selected are narrative reviews 47151 reporting clinical cases published in a very wide period
ranging from 1937 to 2003. The observational study considered *>? includes patients treated from 1980 to 1998. No more
recent publications including >5 patients responding to the PICO are available. Aneurysms of the colic arteries are the
most commonly described (4 articles 47 148 1%0. 151 gpecifically for colic arteries); one article is specific for the jejunal
arteries 1% ileal aneurysms are described only in one publication %2, Differentiation between aneurysms and
pseudoaneurysms is difficult on the basis of the preoperative diagnostic investigations and some series do not differentiate
them. In addition, the diameter of the aneurysm is not always reported. One article 13 includes all patients with segmental
arterial mediolysis, while two other articles 4”152 report more varied conditions: cystic dysplasia of the media, panarteritis
nodosa, rheumatoid arthritis, Marfan syndrome, systemic lupus erythematosus, alpha-1 antitrypsin deficiency,
tuberculosis. Colic aneurysms are the most reported (108 of 123), and several of them presented with rupture or shock
regardless of their diameter.

PICO 2.7.2 Clinical question: In a patient with an aneurysm/pseudoaneurysm of the jejunal, ileal or colic artery, which
intervention/procedure is preferable in terms of outcome?

The two publications considered are narrative reviews 47 %, reporting clinical cases published over a very wide time
period (from 1937 to 2002). There are no more recent publications including >5 patients responding to the PICO.
Considering the lack of recent articles included in the study, endovascular treatment of aneurysms may be underestimated
compared to its current use in clinical practice. The aneurysms considered are colic or jejunal *4”14%; none of the included
articles consider ileal aneurysms. Differentiation between aneurysms and pseudoaneurysms is difficult on the basis of
preoperative diagnostic investigations and some series do not differentiate the two pathologies.

The endovascular procedure has the advantage of avoiding laparotomy, thus for its lower invasiveness, it potentially
reduces complications. For jejunal and colic aneurysms, the endovascular intervention could avoid procedures of bowel
resection and its complications if the aneurysm develops in the proximity of the bowel wall. In the considered literature
147,149 'no deaths were reported in the cases treated with endovascular techniques (0 of 7), while 3 of 39 patients died after
open surgery. Although these data are scarce, they stress the less invasiveness of the endovascular treatment.

2.8 ISOLATED HYPOGASTRIC ARTERY ANEURY SMS

PICO 2.8.1 Clinical question: In patients with an isolated hypogastric artery aneurysm, when the endovascular/surgical
treatment strategy is justifiable, instead of the conservative management/follow-up, to improve the outcomes?

The systematic review of the literature did not provide any prospective cohort study which investigated the natural history
of isolated hypogastric artery aneurysms focusing in particular on their risk of rupture related to diameter or growth rate.



Traditionally, the threshold for treatment was 3 cm of diameter, following some observational studies that reported no
ruptures for diameters below that value. However, those studies did not discriminate between aneurysms of the common
iliac, external iliac or hypogastric arteries, or between isolated aneurysms or aneurysms associated with other iliac or
abdominal aortic segments. This selection bias is common to most of the studies identified 53173 which provided
surrogate data, being the information on diameters and rupture risk of isolated hypogastric artery aneurysms scarce and
not easily extractable. In a study by Richardson et al. %3, the authors indeed took generically into account aneurysms of
the iliac arteries, and described as “aneurysm” dilatations with a diameter of 2.5 cm or above, not explaining the rationale
behind this choice. Regarding the size cut-off between the elective treatment and the follow-up, the diameter set as
reference in the discussion is still indicated at 3 cm. A study from Kliewer et al. 1 instead, examined patients with
aneurysms of the hypogastric artery alone, isolated or in association with other aneurysms, and among the inclusion
criteria there was a diameter of 1.6 cm or above, still not providing reasoning for this choice. Anyway, the authors stated
that 1.6 cm was not the suggested cut-off for treatment indication, as they concluded that the critical dimensions were
between 3 and 4 cm (the mean diameter of aneurysms treated in their study was 38.2 mm indeed). Smaller aneurysms
were treated during the same endovascular procedure only if in association with aorto-iliac aneurysms. Considering the
definition of a true arterial aneurysm as a permanent dilatation of a vessel above 50% of its normal diameter, the studies
cited above %% 1% demonstrate how a bias could still exist in the definition of aneurysm when it is isolated to the
hypogastric artery. The reference measurements are in fact borrowed from other iliac districts, particularly from the
common iliac artery that has an average diameter of about 1 cm, whereas for the hypogastric artery it is commonly 0.5
cm. In other two studies (Gao et al. 155 and Muradi et al. 1) investigating isolated hypogastric artery aneurysms, the key-
points considered indications for an elective treatment were: diameter of 3 cm or above and rapid growth, and a critical
growth was considered as being an increase of 0.5 cm in size in 6 months 1> 15 or 1 cm in 12 months 1%, These studies
did not specify their rationale, as they just cited prior publications which almost exclusively included common iliac
arteries aneurysms; hence, their conclusions are not applicable for the hypogastric arteries as well. A study from Laine et
al. %" included patients with isolated hypogastric artery aneurysms and other dilatations of the aorto-iliac axis, aiming to
explain which the diameter of rupture of these aneurysms was and if it was proper considering 3 cm as being the cut-off.
It was a retrospective analysis on 63 patients from 28 hospitals in 7 different countries. In this cohort, only 18 patients
had an isolated hypogastric artery aneurysm, and all the patients were treated for a ruptured aneurysm of the hypogastric
artery. The mean diameter of the ruptured aneurysms was 6.8 cm, with no significant difference between men and women.
Considering only hypogastric artery aneurysms rupture, the mean diameter was 6.1 cm, while the diameter of non-isolated
aneurysms of the hypogastric artery was 7.2 cm. The authors reported only one case of rupture with a diameter below 3
cm (1.6% of all ruptured aneurysms) and four cases with a diameter of less than 4 cm (6% of all ruptured aneurysms).
Moreover, the reported 30-day mortality rate was 12.7%. Results from this study indicated that the risk of rupture of
isolated hypogastric artery aneurysms of less than 4 cm of diameter could be similar to those of abdominal aortic
aneurysms with a diameter less than 5.5 cm. However, an important difference emerged: data about abdominal aortic
aneurysms come from multiple randomized control studies, with a level of evidence 1; whereas in this case we have a
level of evidence 3. The authors emphasized how heterogeneous the measurements of aneurysm diameters were at the
time of rupture, thus maybe underestimating the real dimensions compared to measurements taken pre-rupture. This
condition suggested a less aggressive approach in the management of isolated hypogastric artery aneurysms, in which the
treatment could be postponed until the diameter reaches 4 cm, which might be considered safe especially in elderly
patients with a higher surgical risk. In a recent retrospective cohort study (Chen Rj et al. **8) conducted on 23 patients
with 31 hypogastric artery aneurysms, of whom 6 isolated hypogastric artery aneurysms, the authors reported that 4 out
of 5 ruptured aneurysms showed a diameter greater than 4 cm, not specifying if this applied to isolated or combined
aneurysms. Moreover, 6 aneurysms which were followed up during time showed an average annual growth rate of 2.4
mm. However, these data are not enough to motivate a less aggressive approach towards aneurysms within 4 cm of
diameter, and to draw conclusions about their annual growth rate, because the annual growth rate sets around 1-4 mm/year,
matching the growth rate shown by abdominal aortic aneurysms. The recent meta-analysis by Perini et al.'’4, analyzing
studies dealing specifically with isolated hypogastric artery aneurysms (overall 192 patients with 202 aneurysms) applied
the definition of aneurysm as a dilatation with a diameter of at least 0.8 cm. From this meta-analysis emerged the
recommendation for a conservative management in case of patients with aneurysms of less than 3.5 cm diameter and less
than 4 cm in the elderly. In those cases with a diameter of less than 3 cm, treatment might be considered only in young
subjects and those patients with concomitant indication for other aorto-iliac aneurysms.

PICO 2.8.2 Clinical question: Which is the type of intervention/procedure to be preferred for patients with isolated

hypogastric artery aneurysms?

Even if current literature is limited in terms of numbers, procedural standardization and outcomes (results of isolated iliac
aneurysms, common iliac and hypogastric arteries are usually reported indistinctly), the endovascular solution represents



the first treatment option since it offers a higher technical success as well as better early and mid-term clinical success
than open surgery. In a recent systematic literature review and meta-analysis, Perini et al. ¥"* analyze the results of 13
studies on surgical or endovascular repair of isolated hypogastric artery aneurysms. Out of 193 patients and 202
aneurysms 202, the results after endovascular and open repair were comparable in terms of technical success (open: 95%
versus endovascular: 90%) with an overall incidence of buttock claudication of 14%. However, this complication was not
reported in case of endovascular aneurysm repair consisting of hypogastric artery revascularization. Endovascular repair
was associated to lower perioperative mortality (open: 8% versus endovascular: 3%) and shorter hospital stay (mean days:
Open 13 versus endovascular 4) than open repair. The endovascular repair of isolated hypogastric artery aneurysms can
be considered safe and effective even in emergency setting. In a single-center experience, Kobe et al. 1% reported that the
endovascular approach can be considered the first technical choice even in cases of hypogastric aneurysm rupture.
Obviously, according to their clinical presentation, results may differ in case of urgent clinical settings, in terms of
technical success (elective: 100% vs urgent: 84%) and need for conversion to open surgery (4% only in urgent cases).
Similar considerations can be summarized from the experience of Rana et al. 16°, which reported the results of surgical
and endovascular repair of hypogastric artery aneurysms analyzing both urgent and elective scenarios. According to this
experience, the endovascular repair had lower perioperative mortality (open: 2% versus endovascular: 0%), morbidity
(open: 43% versus endovascular: 8%) and shorter hospitalizations (mean days: open 9 versus endovascular 1). The
elective repair had a lower morbidity in terms of cardiological complications and bowel ischemia. The low invasiveness
of endovascular repair was also reported by Patel et al. *"* and Chaer et al. 12, Both these single-center experiences
demonstrated that the endovascular repair of an isolated hypogastric artery aneurism is associated with lower
hospitalization and need of blood infusion than open surgical repair. Finally, several endovascular technical options were
reported for both hypogastric embolization and revascularization 74, Distal hypogastric artery revascularization was
associated with a lower incidence of buttock claudication than proximal one 7. In case of hypogastric artery
embolization, the embolization of all distal aneurysm branches was associated with higher freedom from post-treatment
aneurysm growth and reinterventions %%,

3. MEDICAL THERAPY AND FOLLOW-UP

PICO 3.1 Clinical question: In patients with visceral or renal artery aneurysms who underwent corrective
open/endovascular treatment, is CT angiography/Magnetic Resonance angiography superior to Doppler Ultrasound
(DUS) for follow-up surveillance?

Literature research did not highlight randomized controlled trials, meta-analyses or observational studies correspondent
to the PICO of interest, therefore recommendations relied on experts’ opinion and current clinical practice. In case of
patients treated endovascularly, it was established that CT angiography examinations should be performed within 3
months from index procedure and subsequently at 12 months to identify possible endoleaks or sac volume increase that
might lead to aneurysm rupture. In case of open surgical treatment, CT angiography examination is suggested within 3
months from surgery and subsequently at 12 months; if no complications develop at 12 months, no further follow-up
would be suggested.

PICO 3.2 Clinical question: In patients with visceral or renal artery aneurysms who did not undergo corrective treatment,
is CT angiography/Magnetic Resonance angiography superior to Doppler Ultrasound (DUS) for aneurysm dimensions
surveillance?

Literature research did not highlight randomized controlled trials, meta-analyses or observational studies correspondent
to the PICO of interest, therefore recommendations relied on experts’ opinion and current clinical practice. Considering
the slow growth rate of these aneurysms, an annual DUS examination is suggested. In case of unfavorable anatomies
which do not allow adequate ultrasound evaluation, it would be suggested to consider CT angiography or Magnetic
Resonance angiography. It would be suggested to extended surveillance period up to 24-36 months in case of
demonstrated volumetric stability.



PICO 3.3 Clinical question: In patients with visceral or renal artery aneurysms who did not undergo corrective treatment,
is home medical therapy optimization indicated, compared to no therapy, to improve outcomes?

Literature research did not highlight randomized controlled trials, meta-analyses or observational studies correspondent
to the PICO of interest, therefore recommendations relied on experts’ opinion and current clinical practice. It was
suggested to optimize medical therapy according to the etiopathogenetic cause of the aneurysm. Therefore, in patients
with atherosclerotic visceral and/or renal artery aneurysms, modifiable risk factors treatment would be advisable, as well
as medical therapy optimization according to current guidelines on atherosclerosis ">'77. In patients with non-
atherosclerotic non-inflammatory aneurysms (degenerative, connective tissue disorders or congenital diseases)
antihypertensive therapy optimization and smoking cessations are desirable. In case of connective tissue disorders,
antiplatelet therapy is suggested. In patients with visceral and/or renal artery inflammatory aneurysms, the use of steroids
and/or immunosuppressants would be suggested to control inflammatory processes.

PICO 3.4 Clinical question: In patients with visceral or renal artery aneurysms who underwent corrective
open/endovascular treatment, is home medical therapy optimization indicated, compared to no therapy, to improve
outcomes?

Literature research did not highlight randomized controlled trials, meta-analyses or observational studies correspondent
to the PICO of interest, therefore recommendations relied on experts’ opinion and current clinical practice. It was
suggested to optimize medical therapy according to the etiopathogenetic cause of the aneurysm. Therefore, in patients
with atherosclerotic visceral and/or renal artery aneurysms, modifiable risk factors treatment would be advisable, as well
as medical therapy optimization according to current guidelines on atherosclerosis ">'77. In patients with non-
atherosclerotic non-inflammatory aneurysms, antihypertensive therapy optimization and smoking cessations are
desirable. In case of open surgical treatment, there is no evidence regarding the use of antiplatelet or anticoagulant therapy
while, in case of endovascular treatment, it is suggested to evaluate short or long-term antiplatelet therapy according to
the type of device used. Additionally, antiplatelet therapy might be considered for patients with connective tissue
disorders. In patients with visceral and/or renal artery inflammatory aneurysms, the use of steroids and/or
immunosuppressants would be suggested both in the pre- and post-operative surgical or endovascular period to control
inflammatory processes.
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