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ABSTRACT
Multilevel arterial aneurysm refers to aneurysms in multiple sites, such as the aorta, cerebral, or peripheral arteries, often 
caused by atherosclerosis, heritable thoracic aortic disease, inflammation, or infection. We report the case of a 48-year-
old patient with multilevel arterial aneurysm managed with staged open surgical repair. The first surgery addressed an 
11-cm abdominal aortic aneurysm and renal artery aneurysms, followed by thoracoabdominal aortic aneurysm repair. 
Both procedures were uneventful, with successful grafting and preserved organ perfusion. Six-month follow-up 
computed tomography scan showed no complications. Postoperative genetic testing revealed two variants of uncer-
tain significance (PKD1, FBN1). Open surgical repair proved safe and effective in a high-volume center. (J Vasc Surg Cases 
Innov Tech 2026;12:102084.)
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Multilevel arterial aneurysm (MAA) is an uncommon 
pathological entity characterized by the presence of aneu-
rysms occurring in different arterial segments in a synchro-
nous or metachronous fashion. This condition may result 
from underlying atherosclerosis, heritable thoracic aortic 
disease (HTAD), inflammatory disease, or infections. 1,2

The occurrence of MAA has been increasingly reported 
in the literature. Early studies primarily focused on cases 
of synchronous infrarenal abdominal aortic aneurysms 
(AAAs) and peripheral artery aneurysms. However, 
MAAs have also been described in different arterial seg-
ments with peculiar challenges in their management. 3

We present the case of a 48-years-old patient with a 
very unusual-looking MAA treated by means of two-
stage open surgical repair (OSR).

CASE REPORT
The patient was referred from another European Institution 

for MAA. The subject is a practicing physician who was asymp-

tomatic, except for a recent-onset and persistent cough. 

Computed tomography angiography showed a left subclavian 

artery aneurysm (32 mm), multiple descending thoracic aorta 

aneurysms (TAAAs) (55 mm), a juxtarenal AAA (115 mm), and 

bilateral renal artery aneurysms (left renal artery 48 mm, right 

renal artery 30 mm). No calcifications, thrombus, or other signs 

of degenerative atherosclerotic aneurysm were detected (Fig 1). 

His genetic panel at the time of the referral to our Institution 

was negative.

A two-staged surgical repair was planned. The first proced-

ure was an OSR of the AAA and renal arteries aneurysms, 

and the second step was a TAAA OSR. The first procedure 

was an aortobisiliac reconstruction with a 20 × 10 mm Hema-

shield Platinum and bilateral renal arteries ligature with bilat-

eral retrograde bypass from the iliac limbs to the renals, with a 

6-mm Intergard Heparin (Fig 2). While the left renal artery was 

approached and exposed through a standard retroperito-

neum incision, for the right renal artery, a Kocher maneuver 

was performed by incising the retroperitoneum at the level 

of the right line of Toldt from the right colon, extending the 

peripheral margins to the duodenum. Both renal arteries 

were cannulated with a 9F occlusion-perfusion catheter and 

perfused with 4 ◦ C Custodiol solution as previously described 

in patients undergoing open complex AAA OSR in our institu-

tion 4 (Supplementary Fig 1, online only). The postoperative 

course was uneventful, and the patient was discharged on 

postoperative day 9.

One month after the first operation, the second planned 

TAAA procedure was performed according to our standard 

approach, as previously extensively described. 5-10
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The surgical incision was performed in the fifth intercostal 

space. A cryoablation therapy of T3-T7 intercostal nerves was 

performed for postoperative pain management. 11

After exposure of the descending thoracic aorta and proximal 

neck and distal surgical graft control, left heart bypass was per-

formed. A 20-mm multibranched Coselli aortic graft was used; 

the renal branches were ligated, the descending thoracic aorta 

and the abdominal aorta were replaced, and the celiac trunk 

and superior mesenteric artery were anastomosed to the graft 

branches (Fig 3). Two intercostal arteries were identified as suit-

able for reimplantation at the level of T8-T9, and were reim-

planted with a 12-mm Hemashield from the main graft. 

Postoperative computed tomography angiography showed 

no complications after TAAA reconstruction (Supplementary 

Fig 2, online only). The postoperative course was uneventful 

and the patient was discharged on postoperative day 11. Histo-

logical examination (Supplementary Fig 3, online only) revealed 

a moderate-grade noninflammatory degenerative disease with 

severe lysis of the elastic fibers of the tunica media. A new ge-

netic test panel was performed after the operation, at Yale Uni-

versity, using high-throughput sequencing to evaluate the 

genes associated with aortic aneurysm. The panel revealed 

two genetic variants of uncertain significance: the PKD1 gene 

and FBN1 gene. The patient gave his consent for publication.

DISCUSSION
We report a rare case of MAA, involving the supra-aortic 

trunks, as well as the thoracic, abdominal aorta, and 
renal arteries. Synchronous/metachronous aneurysms 
involving the thoracoabdominal aorta may be under-

reported, especially when AAA is the first diagnosis, 11 un-
like synchronous peripheral aneurysms, which are 
commonly screened for and, thus, treated. 2,12 A limited 
number of studies have described an association be-
tween AAA and TAA, and there are no established 
guidelines. 2,12,13

Several etiologies of MAA have been proposed, 
including inflammation, infection, and HTADs. Multiple 
genetic syndromes are associated with MAA, and the 
most prevalent conditions include Marfan syndrome, 
Ehlers-Danlos syndrome, Loeys-Dietz syndrome, familial 
thoracic aortic aneurysms and dissections, and 
autosomal-dominant polycystic kidney disease. 14,15

This article presents a compelling case illustrating the 
challenges in the decision-making process and treat-
ment of MAA and the successful treatment of the condi-
tion using OSR. Despite the first genetic panel, the 
suspicion for HTAD was high, owing primarily to the pa-
tient’s age and the absence of atherosclerotic signs. 

The primary concern was related to the juxtarenal 
AAA, which was very large and at very high risk of 
rupture. An endovascular approach was considered 
but not chosen because of the patient’s young age 
and fitness, possible HTAD etiology, and anatomical 
limitation to the use of off-the-shelf devices. OSR of 
the TAAA could have been accomplished in a single 
operation; however, from the left thoracophrenolapar-
otomy, the distal right renal artery cannot be reached. 
Moreover, staging of the procedure could mitigate the 
risk of spinal cord ischemia (SCI).

Fig 1. Preoperative computed tomography angiography three-dimensional volume rendering reconstruction 
(A), showing a left subclavian artery aneurysm (maximum diameter of 32 mm) (B), multiple descending 
thoracic aorta aneurysms (maximum diameter of 55 mm) (C), a juxtarenal aortic aneurysm with a maximum 
diameter of 115 mm (D), bilateral renal artery aneurysms (left renal artery maximum diameter of 48 mm, right 
renal artery maximum diameter of 30 mm) (E).
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The second concern in the decision-making process 
regards the choice of a single-stage or two-stage OSR. 
Simultaneous treatment has been associated with se-
vere perioperative complications. At the same time, 
sequential repair necessitates two major surgical pro-
cedures, with the risk of rupture of the residual lesion 
while waiting. Regardless of the approach timing and 
type, these patients require extensive aortic treatment 
and face a high risk of perioperative complications 
(eg, SCI).

During TAAA OSR, spinal cord protection relies primar-
ily on cerebrospinal fluid drainage and neuromonitoring 
with motor evoked potentials and somatosensory 
evoked potentials. Cerebrospinal fluid drainage was 
implemented for routine use in extents I, II, and III at 
our institution in 2003 and upgraded to the automated 
LiquoGuard system in 2013. 10,16

In MAA, Etz et al 17 showed that SCI may occur less 
frequently when the repair is performed in a two-stage 
approach rather than a single procedure. Some authors

Fig 2. (A) First-stage open procedure, through a midline laparotomy and intraoperative finding of a large 
juxtarenal abdominal aortic aneurysm (AAA). (B) Right renal artery was approached and exposed through a 
Kocher maneuver by incising the retroperitoneum at the level of the right line of Toldt from the right colon, 
extending peripheral margins to the duodenum. Both renal arteries were cannulated with a 9F occlusion-
perfusion catheter and perfused with 4 ◦ C Custodiol solution (Dr Franz-Kohler Chemie GmbH, Bensheim, 
Germany).
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Fig 3. Intraoperative finding of multiple saccular aneurysms in the descending thoracic aorta (A) and aortic 
reconstruction with a 20-mm multibranched “Coselli” aortic graft, with ligation of the renal branches. (B) The 
celiac trunk and superior mesenteric artery (SMA) were anastomosed to the graft branches.
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advocate the increased rate of complications if two ma-
jor surgeries are performed in two different steps, 
including the risk of rupture of the residual lesion in 
the interval time between the operations. 17,18

Long-term results have not been widely reported in 
MAA. In their experience, Crawford and Cohen 19 re-
ported that long-term survival was better in patients 
with complete aortic treatment because most of the 
early deaths in the sequential intervention were caused 
by rupture of the second aneurysm. In contrast, Gloviczki 
et al 20 showed improved survival at 3 and 5 years after 
sequential repair, although it was not statistically signif-
icant. Scali et al 21 demonstrated an overall survival of 
81% at 1 year for simultaneous totally endovascular 
repair.

CONCLUSIONS
Although OSR is technically challenging and poten-

tially associated with significant perioperative morbidity 
and mortality, in this young patient with MAA and 
possible heritable etiology showed to be effective, per-
formed without any complication in a high-volume 
aortic center. The timing and staging strategy for the 
management is still a major issue. Given the need for 
multidisciplinary management, patients should be 
referred to high-volume aortic centers with a special in-
terest in rarer conditions such as inflammatory, infected, 
and HTAD aneurysms.

The authors thank Prof John A Elefteriades, Aortic Insti-
tute at Yale-New Haven.
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