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SINGLE-CENTER EXPERIENCE IN THE TREATMENT OF VISCER AL ARTERY
ANEURYSMS

O Martinelli, A Giglio, L Irace, A Di Girolamo, B G ossetti, R Gattuso.

Department of Vascular Surgery — Policlinico Umbero 1°
“Sapienza” University - Rome
This study was presented in Savannah during the meeg of the Eastern Society of Vascular

Surgery 2017

Abstract

AIMS: Visceral artery aneurysms (VAAS), although raepresent a life-threatening disease with
high mortality rates. With the more frequent usaliaignostic tests, there has been an incidental
detection of these lesions which are mostly asympt. It follows that surgeons are increasingly
called to decide the most appropriate managemenVAAs between an open surgical or
endovascular approach and among the different exsgolar options currently available. The aim
of this retrospective study was to evaluate theultesof open surgery and interventional
endovascular strategies of visceral artery anewysiith respect to technical success, therapy-
associated complications and post- interventiool&w-up in the elective and emergency situation.
METHODS: From January 1992 to January 2017, 125 open suirgficendovascular interventions
for VAA were performed at our institution. OnceetiWAA was diagnosed and the indication for
treatment was assessed, the preoperative diagnestikup consisted of contrast computed

tomography (CT) or magnetic resonance imaging (MRJ, in some patients, digital subtraction
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angiography. Follow-up included clinical and duplditasound scan (DUS) and contrast enhanced
ultrasound (CEUS) to assess the treated vessehqyasnd organ perfusion after 1, 6, and 12
months, and yearly thereafter. CT or MR controlsena&so performed at 1 year of follow-up and
only when DUS was not diagnostic or showed a carapbn thereafter. After the first 5 years of
follow-up, the status of the patient was obtainga Istructured telephone survey.

RESULTS: The treatment option was endovascular in 56 out2¥ cases (44.8%). Technical
success was 98.3%. In one case the procedure tessupted for the extensive dissection of the
afferent vessel. Twenty-six patients were treatgdcbils embolization while 29 with covered
stenting. The endovascular approach was in emeygentwo cases (3.6%). In the endovascular
group, mortality was nil. Complications occurredsirtases (8.9%): 1 sub-acute intestinal ischemia
caused by superior mesenteric artery dissecti@neirysm reperfusion, 1 stent thrombosis and 1
massive splenic hematoma. In 69 (55.2%) surgiealtnent was preferred, with 24 VAA resections
and 45 arterial reconstructions. In 20 cases (29%¢n surgery was performed in emergency
conditions. In the surgical group, 8 emergencygmas (40%) died intraoperatively. The mortality
after elective surgical interventions was nil. Cdicgiions after surgery were 4 graft late
thrombosis (5.8%): asymptomatic in three casesequiring splenectomy in one.

CONCLUSIONS: There is no overall consensus regarding the itidicg for treatment of VAA.
Currently in emergent setting, the endovascularaggh should be considered as first choice,
because of its reduced invasiveness, faster wagdess and bleeding control; this accounts for the
lower morality of the interventional therapy thgmea surgery

Endovascular approach is effective for elective anepof VAAs but, procedure-related
complications may occur in a not negligible numbkpatients. Given comparable mortality rates
and low procedure-related complication rate, sailgepproach still has space in the elective

management of VAAs, especially for aneurysms uablet or challenging for the endovascular
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option in patient with low surgical risk. The sizecation and morphology of VAAS, systemic or
local comorbidities and specific anatomical sitoasi such as previous abdominal surgery should

dictate treatment choice.

Keywords: visceral artery aneurysm, open surgery, endovascaheurysm repair, stenting,

transcatheter embolization

Introduction

Visceral artery aneurysms (VAAS) represent a paiiohl condition with high mortality rates that
ranging from 25%-100 because of their high riskugiture and consequent fatal bleedih@he
VAAs may affect any of the branches of the abdomimerta, although hepatic and splenic
aneurysms account for 80% of those reportedgardless of site and etiology, both true and
pseudo-aneurysms VAAs are still rare occurrencés am incidence in autopsy and angiographic
series of 0.01% to 2%.

Greater availability and increased use of advanicealging technology, including computed
tomography, magnetic resonance, ultrasonograpliyageriography, led to an increased incidental
detection of asymptomatic visceral aneurysms.

On account of this, the vascular surgeon must ahadeen to treat them more frequently, and with
what approach: endovascular techniques (ET) or spagery (0S)**

This retrospective study analyzes the results ofnopurgery and interventional therapy of
aneurysms of the visceral artery in the elective emergency situations. Special attention is paid t
technical success, periprocedural morbidity, and tammplications in order to define the current

role of the surgical approach with respect to th@ogascular treatment.
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Methods

From January 1992 to January 2017, 125 patientsn@ds and 51 females) with 131 true visceral
arteries aneurysms were considered suitable fatnrent. The mean age was 65 years. In 8 cases
out of 125 an association with secondary small VAse found, but these were not considered for
correction. In all cases, the preoperative diagaasorkup consisted of duplex color scan, angio-
CT and angio-MRI. The site of aneurismal diseass venal artery (RA) in 45 patients (36%),
splenic artery (SA) in 41 (32.8%), hepatic artedAf in 20 (16%), superior mesenteric artery
(SMA) in 10 (8%), celiac trunk (CT) in 5 (4%), paeatic-duodenal artery (PDA) in 3 (2.4%) and a
distal branch of the left colic artery (LCA) in @,8%) (Table I).

According with our standard surveillance protodallow-up consisted of clinical and duplex
ultrasound scan (DUS) and contrast enhanced ulinasqCEUS) to assess the treated vessel
patency and organ perfusion after 1, 6, and 1Bthsp and yearly thereafter. All patients were
submitted to triphasic contrast-enhanced computetbgraphy (CT) or to Magnetic Resonance
angiography (MR) at 12 months; after the first ye@@ or MR controls were repeated when
ultrasounds showed some modifications or in theses in which DUS and or CEUS were unable
to correctly follow the patients over time. Tineeanfor follow- up using diagnostiomaging
was 36months(range: 18 — 6nonths).After the first 5 years of follow-up, the statustioe

patient was obtained by a structured telephonesgurv

Outcome Measures

The complete aneurysm exclusion on completion amgphy was considered as technical success.

while the clinical success implied the patencyhef involved artery and target organ perfusion
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Mortality and early and late complications wereoadssessed in both surgical and interventional

groups.

Statistical analysis

Clinical data of the patients were extracted angtred into a spreadsheet. Overall survival and
freedom from complications were calculated usinglia-Meier survival analysis. We applied the
Log-rank test and considered the results to bafgignt at an alpha level of 0.05. SPSS Version 24

was used for data analysis.

Results

The treatment was carried out by an endovasculatoaph in 56/125 (44.8%) cases and consisted
of embolization using either pushable coils or de#dble coils at the discretion of the investigators
in 26: 5 RA, 18 SA, 1 SMA, 1 PDA, 1 branch LCA (H@-B-C). The remaining 28 patients were
submitted to covered stenting: 10 RA, 7 SA, 4 CHA, 2 SMA. A Cardiatis a self-expandable
stent multilayer was implanted in the common hepatitery and in the SMA to preserve the
pancreatic-duodenal artery and the ileo-colic grtexspectively (Fig. 4). In both patients, stemd a
collateral pathways remained patent during follquw-u

All procedures were performed under local anesiheb this endovascular group the
intervention-related mortality was nil and two nragmmplications occurred (3.6%). In one case,
the endovascular treatment for covered stentingdabecause of a superior mesenteric artery
dissection with a complete acute thrombosis of SMA with abdominal ischemia (1.8%). when
attempting to cannulate the aneurysmal pancreataaehal artery. This approach through the

SMA was necessary because of the chronic occlusidhe CT and the tight angle of its origin
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from the main artery. This patient was managed walchful waiting and medical therapy and the
6-month-CTA control showed a recanalization ofttmmbosed segment of SMA. In another case
(1.8%), a large hematoma of the spleen occurredt 8#& embolization due to an inadequate distal
control of the guidewire that caused an intra-pelngmal hemorrhage. This patient was treated
conservatively and the 6-month DUS control showeddomplete disappearance of the hematoma.
Two patients (3.6%) were submitted to emergent easimular coils embolization for rupture and
hemorrhage due to a splenic aneurysm near-hilumt@dlittle aneurysm of a branch of the left
colonic artery, respectively. In both cases, th&tq@uerative course was uneventful.

Regarding the late complications, two patients d#tduinto transcatheter embolization (3.6%) had
aneurysm reperfusion that was successfully retle&@ee patient (1.8%) experienced a thrombosis
of a covered stent implanted in the splenic arsdtgr 1 year which required the splenectomy for
massive spleen ischemia with concomitant abscesssuxgical conversion due to endovascular
treatment failure or periprocedural complicatioreswequired.

Sixty-nine cases of this series, (55.2%) were stitbthito open surgical treatment, mostly in the
first phase of this experience. The surgical apgraacluded ligation of the artery and re- section
of the aneurysm in twenty-four aneurysms, vasa@eonstruction and bypass in forty-five cases.
In this last group, a renal auto-transplantatios weaxried out (Fig 3 A-B-C-D).

Out of 20 cases treated emergently (29%) for adtieeding VAAs, 8 patients (40%) died, all in
shock before the procedure (Tab Il). No deathgedl#o the elective surgical treatment of VAA
occurred perioperatively and during follow-up.

The late complications following open surgery werd: graft occlusions (5.8%) which were
asymptomatic in 3 cases and required a splenectothyatient.

When analyzing these data with the Kaplan Meievesyr 30-day-freedom from complication was

96.45% in the endovascular group (Figure 6) and%d,0&hile the 36-month freedom from
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complication was 94.6% in the endovascular group #6% in the open group, although these

findings did not reach a statistical significance.

Discussion

There is no overall consensus regarding the indieatfor treatment of VAA. Nevertheless, it is
worldwide accepted that indication for VAAs surdica endovascular intervention are bases on
several factors generally such VAA-related symptomsdiameter exceeding 2 cm or exhibiting a
rapid growth. The indications to treat can be exganto include asymptomatic aneurysms
regardless of size in affected women who wish tcobee pregnant, ichildbearing age and in
patients undergoing an orthotopic liver transplaota and VAAs with peripheral locations
(branches of SMA, IMA, HA and RA).

The goal of treatment of VAAs is to exclude thewaysmal sac from the systemic circulation while
preserving perfusion of the target organ distabbdlédlow. For many years, open repair with
aneurysm excision, exclusion and revascularizatias the treatments of choice, but throughout
the last decade endovascular repair includiogered stenting and transcatheter embolization
has become increasingly used. In our experietheechoice between surgery and endovascular
intervention has been mainly based on anatomialslity and patient comorbidities. It has also
been influenced by the site of VAA and its anat@ah@nd morphological characteristics and the
need to occlude large efferent vessels emerging the aneurysm.

In this study the outcomes of open surgery andvetgional treatment are significant different in
emergency compared to elective setting.

As similarly observed for ruptured abdominal aoriceurysnis our experience, although not
substantial, showed the highest perioperative ntgradf open surgery compared to the

endovascular repair of bleeding VAAs. The reporteattality rate of surgery for treating actively
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bleeding aneurysms has a mortality rate of 10 -9#0Obecause it may be challenging due to
aneurysm location and particular anatomical situstisuch as previous abdominal surgery, which
can hinder a rapid control of the hemorrh&de

Our data are, however, not suitable to achievemapeoative outcome analysis after surgical and
interventional treatment due to the very small hamif emergency cases which were treated by
means of interventional techniques.

The great number patients who received an emesgegical operation can be justify by the higher
incidence of ruptured VAAs among the patients gdatonservatively before the advent of the
endovascular option as showed by Hogend8orn.

There was no procedure-related mortality in bo#ctele interventional and surgical management
of VAAs This is very low in comparison to other igsrpublished (1.3%-7%7;*° only Pitton et al

1 presented a mortality comparable to ours. Thiikéy the result of the exclusion from the open
surgery group of older patients with more comotiedi who were treated endovascularly or with
conservative management, before we started pragtihe endovascular approacf.

Furthermore, since the minimally invasive endovésctechniques may offer an advantage to
conventional open repair in the presence of a leosmvironment®® in the last decade, the
endovascular approach to VAAs has been our firsibopn the most challenging scene, such as
abdominal sepsis or pancreatic inflammatién.

Consistently with other studies, endovascular u@etion success rate of this series was high
(98.3%); it was lower than open surgical intervemtand this may be related to the increasing
tendency to treat intravascularly the most techiyichallenging cases®

Our data suggest, the interventional approach et aegligible overall complication rate (8.9%).
These data showed go@dmparahlity with otherstudes reporting complication rates up to

10.3%.16:17
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The complication rate of the endovascular approaels even higher than after open surgery
(6.6%). A more rigorous selection of cases to teeagically can explain this difference. Another
crucial point for failure after endovascular exaluns may be if the involved artery did have a
suitable anatomy for the endovascular treatmemicesithe indication to this approach may
sometimes be forced because it is less invasivedbaventional surgery.

In addition, when we consider only the late congilmns, comparison of the 2 therapeutic options
revealed similar incidence rates (5.4% after ET @686 in after OS) while and reintervention rates
(5.4% in ET vs 1.9% in OS) favored the surgicalrapph. This is analogous to what has been
showed by Hemp and SaBfiwho showed there is no significant difference rdiya morbidity
and mortality between interventional approach apdnosurgery while there was a significant
reduction in the length of the hospital stay aiiéerventional therapy.

In our single-center study, graft occlusion wasaglsvthe late complication following open surgery
and caused target organ ischemia requiring reiatgion only in one out of four cases.

This lower reintervention rate following open susgenay be duehe fact that the graft
thrombosis developed progressively; this allowetktfor collateral formation sufficient to prevent
distal ischemian the prevalence of the cases.

Aneurysm recanalization was the most frequent cmapbn after interventional treatment; in this
study it always occurred after coil embolization.

This raises the question about the choice of thetrmppropriate endovascular treatment (coil
embolization vs covered stenting). In our experetiuas choice was influenced by the aneurysm
morphology and the anatomy of the involved vedseim our data, large saccular aneurysms may
have poor long-term outcomes with coil embolizatias the coils may not be stable within the
aneurysm and carry a higher risk of displacemedtraigration. In such cases, a covered stenting

should be preferred when feasible. However, theeldpment of microcatheter technology and the
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use of microcoils have allowed for the selectivéheterization of even small-caliber vessels and
therefore a more targeted embolizatith.

Detachable coils (eg, Interlock, Boston Scientifitarlborough, MA) can be used especially in
very tortuous arteries, when the catheter may mostable in position while pushable Hydrogel
coils (Terumo, Somerset, NJ) have the advantagédedig more thrombogenic to achieve
embolization with fewer coils in large VAAS.

In most cases covered stenting preserves the veaticy with aneurysm exclusion and no risk
of distal ischemia. However, it may be not feasitlee to the tortuosity and not enough
length of the involved artery as seen in our exgreré with renal stenting for stenofs.
Additionally, the risk of stent thrombosis or resisis can be higher in small caliber and more
tortuous vessels. Anyway, currently, the improvetaen the flexibility and adaptability of low-
profile guide wires, newer low profile covered gteallow to treat endovascularly the most of cases
in both elective and emergency situations.

The use of stent grafts to treat aneurysms of dafimn points of the main or first order visceral
rteries may result in  occlusion of some of thesssnches with subsequent ischemia of the more or
less extensive parenchyma. In this situation aerasting strategy is the exclusion of aneurysms
using the Cardiatis multilayer stent as suggesyeprévious reports 22

In this series, the use of this device has shovoowaging results in term of long-lasting patency
and collateral pathways preservation; anyway, twases are not enough to draw definitive
conclusion.

The potential for early and late complications sashaneurysm reperfusion and late thrombosis of
the graft or of the stent requiring reinterventiorecessitates a long-term follow-up using a

multimodality approach after both surgical approaod endoluminal treatment. Following VAA

10
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embolization, the diagnostic controls should comabgontrast-enhanced US with MRI or CT
evaluation because imaging mhag hampered by coil- induced artifactd?*

The study is mainly limited by its retrospectiveura and and non-use of other endovascular options
(plugs, thrombin injection, and combin&thniques). Although these two groups are comjparab
for many variables (age, comorbidities, sex, etbg, patients were treated in two different period:
until the year 2000, all patients of this seriesevgubmitted to open surgery and only after having
achieved an adequate experience in all endovastetaniques, this approach was carried out
routinely as shown in figure 5. However, it is Wonoticing that this experience has collected the
largest series of true VAAs in the literature simoest studies include only a small number of
patients only a few centers have reported expegiaviih over 30 case%'?

Conclusions

Although this study cannot provide any definitiveidence about the indication and the best
treatment modality, the endovascular approach #WA¥is safe and technically feasible with low
morbidity and less invasiveness than open procedufe emergency, it should be considered as
choice treatment because of its significantly loperoperative mortality and faster way to access
open surgical treatment.

In elective setting, the choice of the best managdnis dictated almost on patient risks and
anatomy. Additionally, it depends on the morphgl@nd site of the aneurysm, the length and
tortuosity of the parent artery and the need togmetarget organ ischemia.

The indications to the endovascular option andcti@ce of its techniques have to be evaluated
carefully to achieve technical success with lorgjiey exclusion of the aneurysm and adequate
organ perfusion. Covered stenting seems to shdiglalg better efficacy than transcatheter coiling
to prevent VAA reperfusion. The endovascular thgrapd its tools continue to evolve, increasing

its applicability for the management of all aneungs However, the potential for early and late

11



263

264

265

266

267

268

269

270

271

272

273

274

275

276

failure of the endoluminal approach such as groimtlsac size or leak, which would require
reintervention is not neglectable. Thus, in sulgjedth a low surgical risk and aneurysm anatomy
unsuitable for the endovascular treatment, opegesyihas still a place as it guarantees a defaitiv

repair with few late complications and reintervens during follow-up.
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Renal Artery

Splenic Artery

Hepatic artery

Superior Mesenteric Artery
Celiac Trunk

Pancreatic-duodenal artery

Distal branch of the left colic artery

45 patients (36%)
41 patients (32,8%)
20 patients (16%)
10 patients (8%)

5 patients (4%)

3 patients (2,4%)

1 patient (0,8%)

Table I. Different localization of VAA

Embolization 26
44%
Endovascular Covered stent 29
treatment

56/125 Failed procedure 1 0,8%
Resection 24

Surgical treatment 55,2%
69/125 Vascular reconstruction | 45

Table II. Different approaches of treatment




Total Cohort

Endovascular

Open Surgery

(n=125) Treatment (n=56) (n=69)
Aneurysm type 131 VAA 60 VAA 7T1LVAA
Affected arteries,: sites 45RA, 41 SA, 20 HA, 10 15RA,25SA,5 30RA, 16 SA, 15

SMA,5CT, 3PDA, 1 HA,3SMA,4CT, |[HA,7SMA,1CT, 2
LCA 1PDA,1LCA PDA
Procedures 103 elective, 22 54 elective, 2 49 elective, 20
emergency emergency emergency

Technical success 92,5% 98.3% 94.2%
Major complications 9 5 4
Thirty-day mortality 8 0 g
Vessel preservation 101 56 45
Target organ ischemia 2 2° 0

Abbreviations: VAA, visceral artery aneurysm; RA, renal artery; SA, splenic artery; HA, hepatic artery; SMA, superior
mesenteric artery; CT, celiac trunk; PDA, pancreatic duodenal artery; LCA, left colic artery.

48 Emergency

® One early, one late complication

Table Ill. Patients undergoing treatment for Visceral Artery Aneurysms
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Figure 1. A) Intraoperative angiogram of a pancreatic-duodenal artery aneurysm; B) Coils
embolization of the PDA aneurysm; C) Final angiogram showing the complete embolization

of the aneurysm

Figure 2. A) 3D reconstruction showing a splenic artery aneurysm; B) Intraoperative
angiogram of the same splenic artery aneurysm; C) Intraoperative angiogram showing a

cover ed stent deployment to exclude the aneurysm.

Figure 3. A) Intraoperative angiogram of an pararenal artery aneurysm; B) Intraoperative
picture of the renal artery aneurism resection; C) Replanting of the two renal arteries on
Teflon patch; D) Kidney replanting in iliac fossa with anastomosis on external iliac artery and
vein

Figure 4. A) Preop. angioCT that shows a dissection of the SMA with aneurismal dilatation.
B-C) Angiographic images of Cardiatis stent deployement D) Control angioCT at 31 months

that shows clearly a patency of theimplanted Cardiatis stent.

Figure5. Graphic shows different approaches during the period examined.



