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Introduction

Despite recent developments in surgical and endovascular 
techniques, there is still no consensus regarding the most 
optimal protocol to manage different types of aortic dissec-
tions. In general current practice, the DISSECT criteria guide 
physicians in the treatment decision process based on 6 criti-
cal characteristics of dissections.1 In type B aortic dissections 
(TBAD), acute dissections are defined as within 14 days of 
the onset of symptoms, subacute between 2 weeks and 3 
months, and chronic after 3 months.1,2 Complicated TBAD 
refer to the presence of rupture and/or hypotension or shock, 
periaortic hematoma, rapid aortic expansion, renovisceral 
ischemia, lower limb malperfusion, paraplegia, paraparesis, 

recurrent or refractory pain, and refractory hypertension 
despite adequate medical therapy.2
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Abstract
Purpose: To report a single-center series of patients with type B aortic dissection treated with the Multilayer Flow 
Modulator (MFM). Materials and Methods: Over a 36-month period, 23 patients (median age 53 years; 20 men) 
with complicated type B aortic dissections (2 acute, 5 subacute, and 16 chronic) were treated with the MFM. Primary 
endpoints of rupture or dissection-related death, overall mortality, and reintervention were evaluated using the Kaplan-
Meier method; estimates for freedom from the endpoints are reported with the 95% confidence interval (CI). Secondary 
outcomes included technical success, adverse events, and aortic remodeling. Clinical and imaging data were collected 
preoperatively, directly postoperatively, and annually to 36 months for analysis using computational fluid dynamics (CFD). 
Results: Initial technical success was 91.3%. The estimates of the endpoints at 12 months were 100% for freedom from 
rupture or aortic-related death, 95.7% for freedom from overall mortality, and 91.3% for freedom from reintervention. 
No device-related neurological or systemic complications occurred, and no additional reinterventions were needed during 
follow-up. A total of 144 branches overstented by the MFM remained patent. Morphologic analysis of the aortic dissection 
showed progressive true lumen volume increase (75.9%, p<0.001) with concomitant false lumen volume decrease (42.8%, 
p<0.001); the CFD analyses showed increased laminar flow. Conclusion: In the current series, the MFM provided a safe 
and feasible treatment option for complicated acute, subacute, and chronic type B aortic dissections, with high technical 
success, low mortality, and active aortic remodeling. Further studies should elucidate the long-term safety of the MFM and 
its effectiveness in a larger patient cohort.
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The first step in the treatment of uncomplicated acute 
TBAD is medical therapy to reduce blood pressure, heart 
rate, and pain.3 Although conservative therapy is preferred 
in many countries,3,4 this approach often fails to prevent 
aortic rupture, leading to death in 20% of patients. Up to 
40% of the surviving patients suffer from progressive aneu-
rysm formation.5 The conventional open surgical approach 
is associated with a high rate of complications and mortal-
ity, especially in complicated acute TBAD with involve-
ment of the visceral branches.6,7 Therefore, in these 
complicated acute cases, thoracic endovascular repair 
(TEVAR) is increasingly performed.2

In subacute and chronic TBAD (CTBAD), which 
includes residual TBAD after type A dissection repair, up to 
50% of patients may suffer aorta-related complications 
such as false lumen (FL) or aneurysm enlargement or rup-
ture and retrograde dissection.8 Again, the primary goal of 
treatment is reduction of blood pressure,9 combined with 
statin use, antiplatelet therapy, and smoking cessation.10 If 
imaging shows rupture, dissection progression, or malper-
fusion in CTABD, emergency repair should be considered.8 
Also, thoracic aortic diameters >60 mm should be consid-
ered an indication for elective surgery.2

As proposed for acute TBAD, endovascular repair and 
hybrid approaches provide alternatives to open surgery in 
subacute and CTABD cases. However, the frequency of 
imaging surveillance, the incidence of primary endoleaks, 
incomplete coverage of distally dissected segments, reinter-
vention rates, and mortality leave room for improve-
ment.11,12 Furthermore, long-term follow-up is lacking, and 
fenestrated/branched endovascular repair is limited by the 
high treatment costs and the need for time-consuming per-
sonalized device manufacturing, thereby excluding use in 
emergency situations.13

Multilayer flow-diverting aortic stents represent a rela-
tively new concept, targeting vessel reconstruction rather 
than direct aneurysm or dissection exclusion. These stents 
can be used in acute, subacute, or chronic TBAD. The 
Multilayer Flow Modulator (MFM; Cardiatis, Isnes, 
Belgium) is a self-expanding wire mesh made of cobalt 
alloy and formed into a complex 3-layered web of varying 
porosity (up to ~65%) that modulates blood flow within the 
device in the aortic lumen. The first-generation MFM was 
received with uncertainty, as early reports highlighted stent 
migration.14 More recently, the MFM has been used outside 
the instructions for use (IFU) in individual cases of aortic 
dissections15 on the assumption that the MFM promotes 
laminar blood flow inside the stent and the dissected aorta, 
contributing to aortic remodeling.16,17 One key step in 
remodeling is obliteration of the FL, which the MFM 
achieves through structural support. This leads to attach-
ment of the dissection flap to the aortic wall and modulation 
of flow through the true lumen (TL). Simultaneously, the 

open-cell design of the MFM ensures patent flow into the 
aortic branches.17–19

So far, there is limited experience using MFM stents in 
the treatment of acute, subacute, and chronic TBAD.15 The 
current single-center study comprised consecutive patients 
with an aortic dissection treated over a 3-year period using 
the second-generation MFM stent.

Materials and Methods

Study Design and Patient Population

A prospective single-center study was initiated in 2014 
enrolling consecutive patients with acute, subacute, or 
chronic complicated TBAD who underwent endovascular 
repair using the second-generation MFM stents. Both pri-
mary TBADs and residual TBADs after surgery for type A 
dissections were included. As noted in the literature, resid-
ual type B dissections were grouped with the CTABD cases.

Patients were enrolled based on their clinical situation, 
taking into account onset of dissection, comorbidity, and 
dissection morphology per the DISSECT criteria.1 If 
patients were suitable for TEVAR, endovascular treatment 
using MFM was considered for the patient. Although use of 
the MFM for aortic dissections is outside the IFU, the same 
indications as for aortic aneurysms were utilized, namely 
(1) a minimum 2-cm landing zone in nondiseased aortic 
wall proximally and distally to the intended placement zone 
of the MFM and (2) an aneurysm diameter <65 mm (if 
present). No dilation outside the MFM was performed.

Authorization for this trial was issued by the Department 
for Clinical Trials and Medical Infrastructure of the 
Romanian Ministry of Health (number DM4948/37). The 
research was carried out in accordance with the Declaration 
of Helsinki (revised 1983). The implementation of the study 
was supervised by the ethics committee of the Lucian Blaga 
University of Sibiu and by the ethics committee of the 
Polisano European Hospital (Sibiu, Romania), where the 
procedures were performed. Starting from May 2018 the 
new rules defined in the European Union General Data 
Protection Regulation (GDPR) were embraced and 
respected within current study. All patients gave written 
informed consent for the procedure and use of their anony-
mized data for research.

Between April 2014 and February 2019, 23 patients 
(median age 53 years; 20 men) with complicated TBAD were 
enrolled. All patients presented with multiple comorbidities 
(Table 1) and were considered high surgical risk for the inter-
vention. The majority of patients (22 of 23) were categorized 
as American Society of Anesthesiologists class III; 1 patient 
was class IV. Three patients had Marfan syndrome. MFM 
stents were deployed in 2 acute cases, 5 subacute cases, and 
16 chronic cases (including 9 residual TBAD).
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MFM Implantation

Preoperatively, computed tomography (CT) scans were 
assessed using EndoSize virtual deployment software 
(Thernava SAS, Rennes, France). MFM sizing was based 
on spanning the dissected aorta with overlap proximally 
and distally in healthy tissue. The proximal and distal land-
ing zones and the inherent shortening of the MFM were 
considered in calculating the length and number of devices 
required for a specific case. If multiple stents were needed, 
the overlap of the stents was at least 6 cm for straight aortas 
and 8 cm for angulated aortas.

Femoral artery access was obtained via bilateral groin 
incisions. A 5-F pigtail catheter (Medtronic, Minneapolis, 
MN, USA) was gradually advanced in the TL using a torque 
movement, and 2 to 3 mL of 40% contrast agent were injected 
to ensure that the catheter was situated in the TL until the 
ascending aorta was reached. Resistance during guidewire 
navigation indicated re-entry of the catheter into the FL. 
Next, the pigtail catheter was replaced with a rigid 0.33-mm 
guidewire (Lunderquist; Cook Medical, Bloomington, IN, 
USA), which was positioned in the coronary sinus.

Next, the MFM stent was deployed in the TL through a 
20-F introducer sheath (Sentrant; Medtronic). For multiple 
stents, the device with the smaller diameter was deployed 
first followed by the larger stent, mindful of adequate 

overlap. No additional steps were necessary if any major 
side branches arose from the FL (which is typically the 
case). There was no need for rapid pacing or pharmacologi-
cally controlled hypotension, regardless of the anatomical 
placement of the aortic stent, since the MFM is an open-cell 
stent that will not occlude blood flow during deployment. 
Following deployment of MFM stents, a compliant poly-
urethane aortic remodeling balloon (Reliant; Medtronic) 
was used to carefully affix the stent to the aortic wall. 
Balloon molding was performed only within the MFM.

Follow-up visits in the clinic were scheduled at 1, 3, and 6 
months postoperatively and yearly thereafter. During each 
follow-up visit, clinical data including cardiovascular risk fac-
tors, medical history, blood values, adverse events, and high-
resolution computed tomography (CT) scans were obtained.

Morphological and CFD Analysis
Morphologic and flow computational fluid dynamics (CFD) 
simulations were performed by 2 teams of CFD analysts fol-
lowing a standardized aortic dissection protocol as previously 
published by the current study group.20 The analysts were 
not involved in the clinical treatment of the patients and were 
not informed of the postoperative clinical outcomes. CFD 
simulations were performed of all CT scans preoperatively 
and during each follow-up visit for all included patients.

In MIMICS software (version 20.0; Materialise, Leuven, 
Belgium), morphologic dissection remodeling was ana-
lyzed by measuring changes in the transverse diameter of 
the TL and the FL [at the plane of maximum compression 
(PMC)], changes in volumes of the TL and the FL, and 
changes in the false lumen index of the volumes [FLI: FLv/
(FLv+TLv)]. The PMC is a proxy for the maximum amount 
of compression on the TL as a consequence of the aortic 
dissection. The anatomical location of this plane varies 
from one patient to another, being situated at the inferior 
thoracic level in the majority of patients.20

In Ansys Workbench software (version 18.2; Ansys, 
Canonsburg, PA, USA), CFD flow models of all cases were 
compiled to assess flow and remodeling of the lumens 
before and after endovascular treatment using MFM stents 
as previously shown.20 CFD flow models were not quantita-
tively analyzed; however, they functioned as visualization 
to support the quantitative measurements.

Study Outcomes

DEFINE group definitions were used to assess clinical end-
points of this study.21 Primary endpoints at 12 months were 
rupture or dissection-related death, overall mortality, and 
reintervention. Secondary outcomes were (1) technical suc-
cess (successful coverage of the entry site with the MFM, 
branch patency without complications at 30 days, and no 
procedure-related adverse events or major complications); 

Table 1.  Baseline Characteristics of the 23 Patients in the Study.a

Age, y 53 (27–72)
Men 20
Current smoker 10
Hypertension 18
Diabetes 1
Dyslipidemia 11
Renal insufficiency 3
COPD 4
Previous aortic procedure 4
Bicuspid aortic valve 2
NYHA class II / III 20 / 3
LVEF, % 60 (42–70)
Symptom onset (acute / subacute / chronic) 2 / 5 / 16
Primary diagnosis (TBAD / post TAAD) 18 / 5
Dissection into iliac arteries 9
Hemoglobin, g/dL 13.1 (9.1–16.7)
WBC count, ×103/μL 8.3 (5.7–15.1)
Platelet count, ×103/μL 253.0 (120.0–523.0)
Prothrombin time, s 87.7 (68.7–120.0)
CRP, mg/L 2.3 (0.2–24.0)

Abbreviations: COPD, chronic obstructive pulmonary disease; CRP, 
C-reactive protein; LVEF, left ventricular ejection fraction; NYHA, New 
York Heart Association; TAAD, type A aortic dissection; TBAD, type B 
aortic dissection; WBC, white blood cells.
aContinuous data are presented as the median (minimum-maximum); 
categorical data are given as the count.
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(2) adverse events (paraplegia, stroke, upper limb ischemia, 
mesenteric infarction, renal failure, and reintervention); and 
(3) mechanical stent outcomes and aortic remodeling, 
including TL and FL diameters at the PMC, TL and FL vol-
umes, and the FLI.

Statistical Analysis

Nonnormally distributed continuous data are presented as 
the median with the minimum-maximum range and were 
compared using the Mann-Whitney U test. Continuous data 
with a normal distribution are presented as the mean ± 
standard deviation and were compared using the unpaired 
Student t test. Categorical data are presented as the count. 
Interval changes were compared using a Wilcoxon signed-
rank test or a paired Student t test for nonnormally and nor-
mally distributed data, respectively. There was no correction 
for multiple testing.

Completeness of follow-up was calculated as the ratio of 
total observed follow-up person-time to the potential time 
of follow-up of 36 months maximum in the study.22 The 
Kaplan-Meier method was used for time-to-event analysis 
of the primary endpoints. Datasets were truncated at the 
time point when the at-risk number fell below 10. Statistical 
significance was defined at p<0.05 (2 sided). Statistical 
analysis was performed using SPSS software (version 25.0; 
IBM Corporation, Armonk, NY, USA).

Results

Procedure Details

Technical success was achieved in 21 of 23 patients 
(91.3%). A 31-year-old hypertensive man with Marfan 
syndrome and a symptomatic subacute TBAD developed 
bilateral iliac artery occlusion perioperatively because no 
introducer sheath was used during successive deployment 
of 4 stents, which damaged the right external iliac artery. 
Unfortunately, the arterial lesion was unnoticed, and the 
patient developed acute bilateral ischemia of the limbs 18 
hours postoperatively. Fogarty thrombectomy failed, and a 
bilateral axillofemoral bypass was performed with good 
clinical outcome. However, this patient developed retro-
grade dissection of the ascending aorta 3 months after the 
initial procedure and underwent a Bentall procedure. The 
second case without technical success involved a 42-year-
old man with a symptomatic subacute TBAD who under-
went a Bentall procedure 9 days after the initial MFM 
procedure because a guidewire had ruptured the aortic 
valve. This patient was not diagnosed with a known genetic 
vascular disease or syndrome.

A total of 79 stents were implanted (median 3 per patient, 
range 1–9) in a median 12.0 minutes (range 5.0–20.0) during 

procedures that lasted a median 80.0 minutes (50.0–300.0). 
In 9 cases, the first MFM was deployed immediately distally 
to the sinotubular junction in the ascending aorta at zone 0 
(Figure 1A), completely covering the aortic arch, while in 
another 9 cases, the first MFM was deployed distally from 
the innominate artery at zone 1 (Figure 1B). In the 5 cases of 
residual TBAD after open ascending aorta replacement for 
type A aortic dissection, an endovascular elephant trunk 
method was used.19 In these cases, the proximal first stent 
was deployed within the preexistent Dacron graft and con-
secutive stents were placed with 6- to 8-cm overlap until 
reaching healthy landing zone. Stents were deployed distally 
from the bifurcation into bilateral iliac arteries in 9 cases 
total. Median overall stent length in the cohort was 461.6 
mm (range 191.1–633.8).

The MFMs covered a total of 14 innominate arteries, 18 
left common carotid arteries, 22 left subclavian arteries, 44 
renal arteries, 23 celiac arteries, and 23 superior mesenteric 
arteries. Periprocedural and 30-day survival were 100%. 
Median hospital stay was 4.0 days (range 3.0–6.0). 
Procedural data are presented in Table 2.

Medication and Hypertension Evolution in 
Follow-up

Postoperatively, all patients were prescribed beta-blockers 
and antiplatelet drugs. In addition, calcium channel block-
ers (n=15), ACE inhibitors (n=9), angiotensin II receptor 
blockers (n=4), central alpha-agonists (n=6), and diuretics 
(n=6) were prescribed.

On admission, 3 patients had systolic stage 1 (130–139 
mmHg) hypertension and 11 had stage 2 (>140 mmHg). 
Postoperatively, 3 patients had systolic stage 1 and 5 had 
stage 2. At 12 months, 3 had systolic stage 1 hypertension, 
and none had stage 2.

Table 2.  MFM Procedures.a

Procedure time, min 80 (50–300)
Device implantation time, min 12 (5–20)
Fluoroscopy time, min 25.9 (7.4–53.4)
Radiation, mGy 1448 (175–5501)
Contrast volume, mL 180.0 (100–500)
Bifemoral approach 23/23
Number of MFM devices 3 (1–9)
Aortic diameter at PLZ, mm 24.9 (23–30)
MFM length, mm 461.6 (191.1–633.8)
Technical success 21/23

Abbreviations: MFM, Multilayer Flow Modulator; PLZ, proximal landing 
zone.
aContinuous data are presented as the median (minimum-maximum); 
categorical data are given as the count.
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Adverse Events

There was no paraplegia, upper limb ischemia, or mesen-
teric infarction related to the endovascular aortic repair 
despite covering spinal and intercostal arteries in all patients. 
There was no renal impairment or failure even though 44 
renal arteries were completely covered by MFM stents; 
however, 3 patients were postoperatively at risk according to 
the RIFLE criteria. There was no procedure-related major 
stroke (despite covering 54 supra-aortic branches), but a 
Marfan patient suffered a minor stroke without sequelae due 

to spontaneous dissection of a cerebral artery. One case of 
reactionary pericardial effusion requiring percutaneous 
drainage occurred (total 3 reinterventions including the 2 
technical failures). In follow-up, no additional reinterven-
tions were needed, and no complications occurred related to 
progression of the disease at the latest follow-up.

Outcomes in Follow-up
Completeness of follow-up at 12 months was 95.3%. 
Maximum follow-up was 36 months for 5 patients, 24 

Figure 1.  Two cases in which Multilayer Flow Modulator (MFM) devices were implanted. (A) The proximal MFM was deployed 
just distally to the sinotubular junction in the ascending aorta at zone 0. In this case the complete aortic arch was covered. (B) The 
proximal MFM was deployed from the innominate artery at zone 1 to the iliac arteries.
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months for 4 patients, 12 months for 7 patients, and 6 
months for 7 patients. Freedom from rupture or dissection-
related death was 100% at 12 months (Figure 2A). 
Freedom from overall mortality was estimated at 95.7% at 
12 months (Figure 2B). One patient died after stopping his 
medication and ignoring follow-up; a hypertensive crisis 
led to a massive intracerebral hemorrhage in the first year 
after the procedure. The freedom from reintervention 
(details below) estimate was 91.3% at 12 months (Figure 
2C). Based on 5 patients at risk at 36 months, freedom 
from dissection-related mortality was estimated as 100%, 
freedom from overall mortality as 95.7% (standard error 
6.1%), and freedom from reintervention as 91.3% (stan-
dard error 6.2%).

Mechanical Stent Outcomes and Aortic 
Remodeling
In all cases, no device migration, device kinking, or fracture 
of the devices were observed at the latest follow-up. 
Morphologic 3-dimensional reconstructions of a case con-
structed from preoperative, first postoperative, and latest 
follow-up CT scans are presented in Figure 3A. The CFD 
velocity maps (Figure 3B) show a decrease in turbulent flow 
with a concomitant velocity increase in the TLs and a 
decrease in the FLs compared with the preoperative CT scan.

At 12 months, there was a 221.4% increase in the TL 
diameter (Table 3) and a concomitant 38.0% decrease in the 
FL diameter at the PMC compared with preoperative 

Figure 2.  Kaplan-Meier estimates of freedom from (A) dissection-related mortality, (B) overall mortality, and (C) reintervention.

Figure 3.  (A) Morphologic reconstructions and (B) velocity maps of the patient presented in Figure 1A. (A) Three-dimensional 
reconstructions of the case constructed in MIMICS software. A progressive true lumen (TL) increase and concomitant false lumen 
(FL) decrease were observed directly postoperatively and during the latest follow-up. (B) Velocity maps of the case constructed in 
ANSYS software. Aside from the identical observations as in A, progressively increased laminar flow was observed in both lumens, 
with increased velocity directly postoperatively and during the latest follow-up.
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dimensions (p<0.001; Figure 4). Furthermore, there was a 
75.9% increase in the TL volume, a concomitant 42.8% 
decrease in the FL volume, and a 59.0% decrease of the FLI 
(p<0.001). Box plots of these outcomes are presented in 
Figure 5.

Discussion

This study showed that the MFM could treat acute, sub-
acute, and chronic TBAD safely, with promising midterm 
outcomes. As part of the MFM Global Registry, we previ-
ously presented our experience with the MFM for endovas-
cular treatment of aortic dissection as a possible alternative 
to traditional stent-grafts, with low mortality and low major 
complications on very short-term follow-up.17–19 Multilayer 
devices induce modulation of blood flow, generating a posi-
tive remodeling effect on the dissected vessel. MFM lami-
nates turbulent flow, reduces damaging peak wall stress, 

promotes the formation of a physiologic thrombus, and pre-
serves branch patency without compromising flow.23,24 
Furthermore, the MFM is characterized by high radial force 
for full-length stent expansion,24 combined with high com-
pliance in the stented suprarenal region for better aortic 
elastic recoil adaptation.25

The current study represents our single-center experi-
ence after completing over 8 years of treating inoperable 
thoracoabdominal aneurysms and complicated aortic dis-
section using MFM technology.24,26 Technical success was 
high, but 1 patient developed a retrograde dissection of the 
ascending aorta 3 months after the initial procedure. 
Another patient required a Bentall procedure 9 days after 
the initial MFM procedure due to a damaged aortic valve. 
Both events were procedure-related at the beginning of our 
learning curve. No stents were accidentally placed in the 
FL despite not using intravascular ultrasound for TL visu-
alization. Furthermore, no device migration, kinking, or 

Table 3.  Changes in Dissection Morphology Over Time.a

Variable Preoperative Postoperative Changeb Change at 12 Monthsb

PMC TL diameter, mm 7.0 14.7 [210.3% (−97.5 to 1372.4)] 15.5 [221.4% (3 to 1395.7)]
PMC FL diameter, mm 22.9 −10.9 [−47.6% (−74.2 to 28.8)] −8.7 [−38.0% (−100 to 37.4)]
TL volume, mm3 8.3×104 1.0×105 [110.8% (25.6 to 662.5)] 6.3×104 [75.9% (36.4 to 659.4)]
FL volume, mm3 1.8×105 −7.0×104 [−38.9% (−80.2 to 86.9)] 7.7×104 [−42.8 (−99.8 to 55.8)]
TLIc 0.22 0.50 [227.3% (−6.5 to 1239.0)] 0.46 [209.1% (−8.4 to 904.6)]
FLIc 0.78 −0.50 [−64.1% (−76.4 to −17.4)] −0.46 [−59.0% (−100.0 to −22.3)]

Abbreviations: FL, false lumen; FLI, false lumen index; PMC, plane of maximum compression; TL, true lumen; TLI, true lumen index.
aContinuous data are presented as the median [percent difference from preoperative values (range)]; FLI and TLI are based on volume measurements 
and are dimensionless.
bp<0.001 vs preoperative.
cTLI was included as a direct control for FLI: FLI=FLv/(FLv+TLv) and TLI=TLv/(FLv+TLv).

Figure 4.  The plane of maximum compression is shown in the axial slice in which the maximum compression of the true lumen (TL) 
is observed preoperatively. (A) In the preoperative scan, the TL (green) is collapsed by compression from the false lumen (FL; red). 
(B) In the first postoperative scan, the TL (green) was increased after deployment of the MFM with a concomitant decrease of the FL 
(red). Nonetheless, the false lumen was still larger than the TL. (C) At the latest scan at 36 months, the TL (green) nearly covered the 
full aortic area, while the FL (red) almost completely disappeared.
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fracture was observed, and permeability of all visceral 
branches was preserved.

In follow-up to 3 years, no aortic rupture or procedure-
related mortality was observed and no complications arose 

related to progression of the disease. One Marfan patient 
died of a massive intracerebral hemorrhage approximately 
12 months after the procedure, but he was already lost to 
follow-up. Recent cohort studies27–29 show that these 

Figure 5.  Median values and error bars of the true lumen (TL) and false lumen (FL) measurements in 3-dimensional reconstructions. 
(A) A statistically significant increase of the TL diameter was observed at the plane of maximum compression (PMC). (B) A statistically 
significant increase of the TL volume was observed on the first postoperative and 12-month follow-up (FU) scans. Concomitantly, a 
statistically significant decrease was observed for the FL diameter at (C) the PMC. (D) The FL volume and (E) the false lumen index 
(FLI) at the first postoperative and latest follow-up scans. The asterisk indicates p<0.001 compared with the preoperative values.
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patients have a high incidence of cardiovascular and (to a 
lesser extent) pulmonary comorbidity, leading to a subop-
timal systemic state. Therefore, regular follow-up, strict 
lifestyle advice, and proper medical treatment should be 
carried out.

Considerable TL volume increase with concomitant FL 
decrease was observed. Overstented branches originating 
from both lumens remained patent. In the initial cases with 
longer follow-up, there was a higher increase in TL size and 
a corresponding decrease in the FL at their latest follow-up, 
which can be explained by progressive remodeling. Also, 
there was an increase in laminar flow during follow-up.

It was already well-established from a variety of stud-
ies27,30–34 that optimal medical treatment alone for acute, 
subacute, and chronic TBAD is considered suboptimal, and 
endovascular aortic intervention provides a desirable and 
suitable alternative. Therefore, TEVAR was proposed and 
studied as a treatment option. Nonetheless, stent-graft–
induced new entry tears following TEVAR could lead to dis-
tal degeneration of the aortic wall, resulting in late 
development of new dissections and, potentially, aneu-
rysms.35,36 One should keep in mind that TEVAR for TBAD 
is prone to retrograde type A aortic dissection, which is 
known to have disastrous outcomes. This is especially true 
when using proximal bare metal stents, proximal balloon 
dilation, or noncompliant, rigid devices.37 Suboptimal aortic 
remodeling with the PETTICOAT technique38–41 led to 
the design of the endovascular STABILISE concept in 
which proximal aortic endografts are combined with a 
distal bare metal stent. The body of literature considering 
the STABILISE concept to treat acute and subacute compli-
cated TBAD is growing.42–44 Likewise, the MFM might be 
used within the STABILISE concept to induce laminar flow 
and aortic remodeling while preserving branch patency, 
even without proximal endografts.

Furthermore, early thoracic endografting may be con-
sidered selectively in uncomplicated acute TBAD, and 
promising initial results were presented in the ADSORB 
trial.45 In spite of favorable initial results, patients remain 
at risk of long-term disease progression and late complica-
tions due to the inability of these endografts to treat dis-
tally dissected aortas.46–50 In symptomatic CTABD with 
low surgical risk, consideration of open repair is advised. 
In case of contraindications for open repair, TEVAR can be 
considered, providing that it is performed in dedicated 
centers.51 In uncomplicated CTBAD with suitable anat-
omy, preventive TEVAR can be considered to preclude 
aortic complications and improve late outcomes, as shown 
in the INSTEAD-XL trial; however, less aortic remodeling 
is achieved.52–54 The extent of coverage of the dissected 
descending aorta seems to be related to FL thrombosis, but 
greater aortic coverage could increase the risk of spinal 

cord ischemia.55 Potentially, the coverage should be 
extended below the diaphragm using bare metal stents.56 
This can be achieved using the MFM as well. The latest 
advances in off-the-shelf branched stent-grafts are promis-
ing; however, a large variety of costly off-the-shelf stent-
grafts is necessary to treat aortic dissections in up to 30% 
of distinctive anatomical variations.57,58 In patients with 
Marfan syndrome, endovascular intervention is increas-
ingly advocated59,60 and can be discussed with TBAD 
patients who need emergent repair. Future studies will 
show the exact role of TEVAR in TBAD treatment.

Aortic aneurysms were initially defined as the main 
indication for MFM stents, leading to approval with prom-
ising short-term results. Unfortunately, these did not hold 
true in the long term.24,61 Aortic aneurysms differ from aor-
tic dissections as surgically treated aneurysms are chronic 
end-stage diseases in which the MFM cannot induce aortic 
remodeling, but might only lower the pressure on the aortic 
wall by redirecting the flow. Therefore, the MFM may be 
much more suitable for treating aortic dissections, as redi-
recting flow and reducing pressure play large roles in aortic 
remodeling. While classic endovascular solutions have 
shown technical difficulties related to branch vessel revas-
cularization, MFM stents are devices that can safely treat 
the entire dissected aorta without the risk of losing any of 
the main side branches.17,19,62,63

Limitations

The current study is limited by the nonrandomized, single-
center design. However, randomization would be ethically 
challenging because alternatives are not proven to be supe-
rior, and consensus on the gold standard seems to decline.64,65 
The MFM is still a controversial device for TBAD repair. 
However, the outcomes are favorable and suggest that the 
MFM device could be considered for complicated TBAD 
cases.

Conclusion

This series investigating the use of the MFM for compli-
cated TBAD proved the stent to be a safe, feasible, and 
effective treatment alternative with high technical success. 
No dissection-related death was observed, and there was a 
low reintervention rate, with no complication related to pro-
gression of the disease or end-organ ischemia during mid-
term follow-up. Despite the number of devices implanted 
and the high number of covered arteries, all the branches 
remained patent throughout follow-up. Further studies and 
longer follow-up are needed to confirm the role of these 
new-generation flow-modulating devices in the manage-
ment of aortic dissection.
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