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Résumé 
 
 
Objectif : Analyser les résultats à court et long terme d’une méthode originale de fenestration 

aortique (FA), la technique de l’entonnoir, lors de dissections aortiques (DA) compliquées de 

syndrome de malperfusion (SMP). 

  

Matériels et méthodes : La technique de l’entonnoir consistait à réaliser une fenestration 

aortique par perforation du flap intimal, puis à déployer une endoprothèse non couverte du 

faux vers le vrai chenal. Vingt-huit patients atteints de DA (types A n=19, types B n=9) ont 

étés traités par la technique de l’entonnoir en raison d'un SMP par ischémie dynamique (16 

rénaux, 20 digestifs, 14 membres inférieurs). Neuf patients étaient en état d’ischémie sévère à 

l’arrivée (6 digestives, 7 rénales, 3 membres inférieurs).  

 

Résultats : La procédure a été réalisable chez 27/28 patients (96%). La symptomatologie 

ischémique a disparu chez 25/28 patients (89%) à J +30, tandis que deux patients (7%) 

atteints d’ischémie sévère sont décédés de complications ischémiques digestives. Cinq 

patients ont présenté des complications post-procédure : 1 majeure (thrombose artérielle sur 

l’introducteur, conduisant à un échec technique) (3,5%) et 4 mineures.  

A 4 ans de suivi, aucune récidive ou complication liée à la fenestration n’a été observée, et le 

diamètre aortique thoracique est resté stable chez 21/22 patients suivis (91%).  

 

Conclusion : Le traitement par la technique de l'entonnoir dans les SMP au cours des DA a 

été efficace à court et long terme et accompagné d’une morbi-mortalité peu élevée.  
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Article 

Aortic dissection with acute malperfusion syndrome: 

Endovascular fenestration by the funnel technique 

 

A. Vendrell, J. Frandon, M. Rodière, O.Chavanon, JP. Baguet, V. Bach, G. 

Ferretti, F.thony 

 
 
 
 

Abstract: 

Purpose: To analyze the short- and long-term results of an original aortic 

fenestration (AF) method using the funnel technique (FT) during aortic 

dissection (AD) complicated by malperfusion syndrome (MPS). 

  

Materials: The FT consists in an intimal aortic flap fenestration completed by 

the deployment of an uncovered aortic stentgraft placed from the false to the 

right lumen through the AF. 28 patients presenting with an AD (type A n=19, 

type B n=9) were treated for MPS due to dynamic compression (16 renal, 20 

bowel, and 14 lower limb ischemia) using this technique, and were followed-up 

at short (30 days) and long term (mean 55 ± 40 months). Nine patients had 

severe ischemia upon arrival (6 bowel, 7 renal, 3 lower limb ischemia).  
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Results: Technical success was achieved in 27 of 28 patients (96%) and 

ischemic symptoms have disappeared in 25 of 28 patients (89%) at short term. 

Five patients presented postprocedure complications: 4 minor and 1 major 

(arterial thrombosis which cause technical fail) (3.5%). The 30-day mortality 

rate was 7% (n=2), related to bowel ischemia complications. At long term, 

among the 22 patients followed-up, 21 had a stable thoracic aortic diameter 

(91%).  

 

Conclusion: The FT in cases of MPS following AD safely improve the clinical 

outcome at short and long term, and could represent an interesting alternative in 

the management of patients. The hemodynamic efficiency of this technique may 

account for a lower mortality in our series. 

 

Key words: Aortic dissection, Aortic fenestration, Stent, Malperfusion 
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Introduction: 

 

Acute aortic dissection (AD) is a rare but serious disease (1), inducing high 

mortality rate (50%) at 48 hours (2,3). The Stanford classification of AD (4) 

differentiates type A requiring surgical management (5), from type B, treated 

medically (6). 

Malperfusion syndrome (MPS), due to a reduced flow in the aortic branch 

vessels, is the second most common complication (20-50%) of AD (7) after 

cardiac complications (8) and causes higher mortality (51% versus 29%) (9,10). 

Two ischemic mechanisms have been described (11): dynamic compression due 

to an aortic true lumen collapse, and static compression, related to direct 

extension of AD into an aortic branch.  

In cases of dynamic compression MPS, closing the primary entry tear of the 

dissection by using a covered stent is the recommended treatment (12–15). 

When this is unfeasible, aortic fenestration (AF) has been proposed as an 

alternative technique (16–19), however, high postprocedure complications (11–

20%) and  mortality rates (17–34%) have been reported.  

In our center, an original AF technique using uncovered aortic stentgraft 

between the false and the right lumen called the “funnel technique” (FT) was 

performed on selected patients. The aim of this study was to assess the safety 

and efficacy of this technique at short- and long-term follow-up. 
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Material and methods:  

 

Study design: 

From 2000 to 2013, in our center, all consecutive patients presenting renal, 

digestive and/or lower limbs (LLs) ischemia due to dynamic compression MPS 

following type A or B AD were included in this study and benefited the FT. 

These patients could not be treated by thoracic aortic stent graft because of 

anatomic constraints. Diagnosis of MPS was based on clinical, biological, 

and/or radiological features, according to the following criteria: 

-­‐ Renal ischemia: uncontrolled arterial hypertension, increase creatinine in 

the nonsevere forms; dialysis in the severe forms; 

-­‐ LL ischemia: absent pulse, claudication, cool limb in the nonsevere forms; 

sensorimotor deficit in the severe forms;  

-­‐ Bowel ischemia: loss of appetite, abdominal pain, diarrhea in the 

nonsevere forms; digestive tract bleeding, altered bowel sounds, high 

lactate level, and/or signs of intestinal compromise on CT in severe forms. 

 

These differents types of ischemia and their severity are described in Table 1. 
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Table 1: Different types of ischemia and their severity: 

 
Ischemia sites 

Definition  
N 

Clinical Biological Radiological  
Renal ischemia     

Nonsevere Uncontrolled arterial 
hypertension 

Increase 
creatinine 

 10 

Severe Dialysis   5 
Bowel ischemia     

Nonsevere Loss of appetite, 
abdominal pain, 

diarrhea 

  11 

Severe Digestive tract 
bleeding, altered bowel 

sounds 

High lactates 
level 

Lack of 
enhancement of 

digestif wall 

6 

Lower limb 
ischemia 

    

Nonsevere Absent pulse, 
claudication, cool limb  

  12 

Severe Sensorimotor deficit    3 
Dynamic 

compression 
  Collapse of the 

true lumen by 
the false lumen 

28 

 

 

MPS could occur immediately during the dissection, postoperatively, or later, 

but the time from diagnosis to treatment was always less than 3 days. 

The local Institutional Review Board approved this retrospective study. Relevant 

and follow-up data were collected and reviewed, using the medical files and 

imaging exams of included patients. 
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Procedure: 

A preprocedure CT-scan was systematically performed to determine the 

orientation of the intimal flap and the fenestration target (4 cm above the celiac 

trunk).  

 

All procedures were performed by two interventional radiologists with more 

than 10 years experience, under fluoroscopic guidance only. Initial angiography 

was first done under local anesthesia, through a femoral sheath, to locate the 

origin of the celiac trunk. In a curved 5F catheter, a rigid 0.014 Spartacore® 

guidewire (Abbott Vascular, Santa Clara, CA, USA) was introduced in the true 

lumen in the reverse position (hard end first), positioned against the intima to go 

through it, and advanced in the false lumen. The fenestration opening was then 

enlarged by using an 18-mm-diameter balloon (Boston Scientific, Natick, MA, 

USA). An uncovered self-expanding Wallstent (Boston Scientific, Natick, MA, 

USA) or Memotherm (Bard Angiomed, Wachhausstrasse, Germany), 18mm to 

24 mm diameter and 40-60 mm long, was then deployed from the false lumen 

toward the true lumen through the opening created, with its distal end placed 

above the ostium of celiac trunk.  

The final angiography was then done in the false lumen above the fenestration, 

and had to confirm satisfactory flow in the true lumen and the aortic branchs 

(increased caliber, rapid and intense enhancement). Upstream of the stent, the 

true aortic lumen was expected to be collapsed by it (Figures 1 and 2). 
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Figure 1: 71-years-old patient admitted for acute type B AD with severe bowel ischemia due 

to dynamic compression. Angio CT-scan on axial views (A, B), sagittal (C) and coronal 

reformations (D), showing thoraco-abdominal type B AD, with large primary entry tear  

locate in the aortic arch (arrowhead) ; compression of the true lumen (TL) by the false lumen 

(FL) on the abdominal level, which cause reduced flow in the abdominal arteries. 
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Figure 2: Aortic fenestration using the funnel technique in the same patient. A: Angiogram 

showing the true lumen collapse (TL). The right renal artery and the intercostal arteries  

originate from the true lumen (arrowsheads), and their vascularization seems compromised. 

B: Angiogram of the false lumen (FL) after insertion of a catheter through the intimal 

perforation, showing the celiac trunk, the left renal artery and the superior mesenteric artery 

(white arrows). C: Illustration of the funnel technique: AF using a guidewire completed by 

balloon angioplasty of the fenestration opening and stent grafting of the false lumen toward 

the true lumen. D: Final angiogram with injection in the false lumen (FL): the stentgraft 

(asterisk) reapplied pressure in the true lumen (TL) with opacification of both renal  arteries 

(solid arrows), the celiac trunk (splenic and hepatic arteries) and the superior mesenteric 

artery (dashed arrows). E, F, G, H: Follow-up CT at D2 in axial views (E, F), sagittal 

reformations (G) and VRT reformations (H)  showing the stentgraft in place (asterisk) within 

the true lumen (TL) and the false lumen (FL) and the vascularization of the aortic branchs. 

A B C 

D F G H 

E 

 

 

 

TL 

FL 

FL 

TL 

FL 
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Another stentgraft has been placed in the superior mesenteric artery in the same procedure 

because of static compression (arrowhead). 

 

If the angiographic result was inadequate, an additional subrenal fenestration or 

peripheral stenting of side branches was discussed.  

For the following 6 months, patients received an antiplatelet treatment, except 

those treated with oral anticoagulants.  

 

Definitions: 

Technical success was defined as adequate flow in the true lumen at the end of 

the procedure, in either a single procedure (primary technical success) or two 

procedures (secondary technical success).  

Clinical success was defined as disappearance of clinical symptoms and 

normalization of biological parameters at D30. 

The main evaluation criterion was clinical success. The secondary evaluation 

criteria were mortality and complication rate at short term (30 days); onset of 

late complications and evolution of thoracic aorta diameter at long term. 
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Patients were followed up by MRI or CT at 6 months, 12 months, and then 

every 2 years. The mean duration of follow-up was defined as the time between 

the initial imaging study and the last available images. The thoracic aorta was 

measured on the same levels in the axial plane. Increase aortic diameter was 

defined by a diameter greater than 60 mm or progressing more than 4 mm/year. 

 

Results: 

 

Population: 

From 2000 to 2013, 367 patients were admitted to our center for AD (type A 

n=237, type B n=130). Among patients presenting with type A, 217/237 

underwent surgical aortic replacement and 20/237 died before arrival. All 

patients with type B AD were treated medically. Sixty-nine of 347 patients 

(20%) presented dynamic compression MPS, treated with either thoracic aortic 

stenting (n=41) or AF by FT (n=28). 

Of the 28 treated by FT, 19 patients presented type A AD and underwent 

emergency cardiac surgery (14 aorto-aortic tubes, 4 Bentall procedures, and 1 

hemiarch replacement), always done first regardless of the severity of MPS. 

Nine patients presented type B AD. Patients characteristics and ischemic 

territories are summarized  in table 2. 

Eight out of 28 patients (31%) presented severe ischemia: mesenteric (n=6), 

renal (n= 5), or lower limb (n=3).  
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Additional stenting for concomitant static compression was necessary in 13/28 

patients: renal (n=7), superior mesenteric (n=5), and iliac (n=5). 

 

Table 2: Population caracteristics: 

Characteristic Value 
Sex 28 
    Male 9 
    Female 19 
Mean age (Y) 55 ± 12 
Type A dissection 19 
Type B dissection 9 
Ischemic Territories  
    Three sites :  
          Renal/Mesenteric/Lower Limb 4 
    Two sites : 10 
          Renal/Mesenteric 5 
          Renal/Lower Limb 3 
          Mesenteric/Lower Limb 2 
    One site     15  
          Renal 5 
          Mesenteric 5 
          Lower Limb 5 
 

 

Recanalisation:  

Primary technical success was 86% (24/28), secondary technical success 97% 

(27/28), with no intraprocedural complications. Three patients required a second 

subrenal AF: one patient during the same procedure because of insufficient flow 

in the iliac arteries on the final angiogram, two patients later because of 

recurrence of their ischemic symptoms at D2 and D15.  

Clinical success was achieved in 25 of 28 patients (89%). Two patients (7%) 

with severe ischemia (1 renal and bowel ischemia, 1 all three sites), treated with 

cardiac surgery and then AF at D0 died before D30: the first at D2 of 
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multisystem organ failure (MOF), the second of septic shock ending in death at 

D14.  

One patient was considered as technical and clinical failure, and major 

complication because of worsening of a right LL ischemia at the end of the 

procedure, related to the onset of a thrombosis of the common femoral artery on 

the sheat. He was treated with embolectomy and femoro-femoral bypass 

resulting in good postoperative evolution. 

 

Severe ischemia 

Six out of 8 patients with severe ischemia survived. Of the 4 survivors with 

mesenteric ischemia, all patients evolved favorably, 3 of whom requiring bowel 

resection. Dialysis was reversible after AF for the 3 patients with severe renal 

ischemia. Of the two patients with severe LL ischemia, one of whom improved 

after fenestration, the second has been previously described. Table 3 summarizes 

the characteristics of the patients with severe ischemia. 

 

Table 3: Treatment and evolution of patients with severe ischemia : 

Severe ischemia 
sites 

N Bowel 
resection 

Bowel 
monitoring  

Dialysis Major 
complications 

Death Alive 

Renal/Bowel/LL 2 1  2  1 1 
Renal/Bowel 2 1  2  1 1 

Renal 1   1   1 
Bowel 2 1 1    2 

Lower limbs 1    1  1  
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Complications: 

Five patients presented complications, with a major one (3.5%). Of the four 

minor complications, 3 were related to the puncture point (arterial thrombosis 

resolved with medical treatment; hematoma and infection resolved with 

antibiotics). The last one was an aortic stent fracture (nitinol stent) discovered 

on the follow-up CT at D10, with no clinical or biological repercussions and was 

treated by placing a second stent within the first one.  

 

Follow-up: 

During the follow-up, 3 patients had withdrawn from the study and 3 had died: 

Two at 1 year of follow-up, the first after surgical replacement of the descending 

aorta and the second of a brain tumor; the third of fissuration of a descending 

thoracic aorta aneurysm at 9 years of follow-up. Of the 22 patients followed up, 

1 patient presented a proximal fracture of the stent detected on the 2 years 

follow-up CT (nitinol stent) with no consequences. No recurrence of ischemia 

was observed. 

At a mean 55 ± 40 months of follow-up, the mean diameter of aortic isthmus 

was 44mm ± 16mm versus 38 ± 5mm initially, so a mean progression of 1 mm 

per year. Twenty-one patients (91%) had a stable aortic diameter and two 

patients (9%) had an increased aortic thoracic diameter.  
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Discussion: 

 

The current recommended treatment for MPS caused by dynamic compression is 

closing the primary entry tear of DA by a covered thoracic stent grafting 

(13,15,20,21). However, when it is not possible, AF can resupply the true lumen 

at the abdominal level by creating a communication between the two lumens. 

Two techniques of AF have been described: fenestration with balloon 

angioplasty (18,19,22,23) and the scissor technique (24). Our technique is 

original because it enlarges the surface area of the re-entry orifice in the true 

lumen with an endoaortic stent between the two lumens, which increases flow 

and pressure in the true lumen and reduces them in the false, thus improving the 

efficacy of fenestration.  

 

AF has been described in the literature as both a reliable (100% technical 

success) and effective technique, with clinical success between 70% and 93% at 

1 month (16,19) versus 60% with surgery (20). This series also shows that AF 

using the FT is effective (90% clinical success).  

With balloon angioplasty AF, the 30-day mortality rate is 17–25%, with an 

approximately 20% complication rate (18,19,23). The scissor technique has 

shown 30% mortality at D30 with roughly 10% complications (16).  Mortality in 

our series was much lower (7%) and morbidity equivalent (17.5%). 
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Patients with severe ischemia account for 26% in the series reported by Midulla 

et al., 22% in the Slonim et al. series, and 14% in the O’Donnell et al. series 

(25), with a 33% mortality rate reported in Midulla et al. and 66% in Slonim et 

al series. In our series, the severe ischemia rate was higher (31%), but the 

mortality rate lower (22%). This mortality rate with the FT therefore does not 

stem from the population presenting globally less severe SMP, but probably 

from a more effective reapplication of pressure in the true lumen. This results in 

the disappearance of clinical symptoms and the reversion of the acute ischemic 

lesions, preventing the onset of MOF. In the present series, only two patients 

(7%) died of MOF despite the AF, whereas this unfavorable outcome seems 

more frequent in the other series cited above (25% of patients with type B AD in 

the series reported by Midulla et al., 15% in Slonim et al.’s series). 

 

No malpositioning problems or stent migration during grafting, injury of the 

aortic wall or stent thrombosis at the long term were observed. Two fractures 

were discovered inadvertently, both asymptomatic and involving nitinol stents 

(Memotherm Bard Angiomed, Wachhausstrasse, Germany). We have since 

decided to use only steel self-expandable Wallstents (Boston Scientific, Natick, 

MA, USA), with no new complications discovered to date. 

 

Three patients underwent an additional fenestration because the first was 

deemed insufficient. In these patients, an 18-mm-diameter stent was selected for 
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a mean 30-mm-diameter aorta in the fenestration area. Finally, this stent 

diameter was considered too small for the size of the false lumen. Since this 

time, we have used stents with a larger diameter so that the re-entry orifice in the 

true lumen is at least two-thirds the total diameter of the aorta, thus ensuring that 

flow is greater than 50% between the true and false lumen. This is not always 

possible because maximal diameter of wallstent is 24mm. 

 

Over the long term, decreased pressure in the false lumen seems to protect 

against the aneurysmal aortic evolution, since 91% of the patients (15 type A 

and 5 type B) presented a stable aortic diameter. As reported in the literature, the 

natural progression of AD is characterized by dilatation of the descending 

thoracic aorta in 20–50% of cases (26) and up to 83% in the segment-by-

segment study of the aorta (27,28). This confirms the hypothesis postulating that 

blood pressure is reduced within the false lumen upon reapplication of pressure 

in the true lumen, thus avoiding progression toward aneurysm. Midulla et al. (9) 

have reported the same observation. 

 

The small number of patients treated was the main limitation of this study. 

Further studies, as best comparative and multicentric, would be necessary to 

confirm them.  
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Conclusion: 

AF by the FT, in patients with MPS during AD is an effective technique 

(clinical success: 90%) associated with low morbidity (30-day mortality: 7%, 

major complications : 3.5%). Over the long term, no ischemic recurrence was 

observed, and decreasing the applied pressure of the false lumen seems to 

protect from increase aortic thoracic diameter. The hemodynamic efficiency of 

this technique may account for a lower mortality in our series but this result has 

to be confirmed. 
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