
VASCULAR SURGERY AT CROSSROADS:
HOW ENDOVASCULAR INNOVATION HAS 

CHANGED THE MANAGEMENT OF AORTIC DISEASE     

ICVL / HLTDL



INNOVATION IN SURGERY
ADVANTAGES FOR THE PATIENT:

Improved Survival

Reduced morbidity

Durability of the new procedure

IMPROVEMENT ON LONG-TERM REINTERVENTION – FREE SURVIVAL

COST – BENEFIT RELATIONSHIP

ENDOVASCULAR REVOLUTION



PROXIMAL OCCLUSIVE DISEASE

TASC – II  CLASSIFICATION

CLASSIFICATIONTASC A / B / C LESIONS

PTA / STENTING AS FIRST OPTION
REDUCED MORBIDITY AND MORTALITY

EXCELLENT LONG  - TERM PATENCY AND 

DURABILITY

TASC D LESIONS

CONTROVERSY WITH OPEN SURGERY

(Aorto-femoral bifurcation graft)

Survival 91%
Patency (primary) 90.4%

Restenosis 12%

Occlusions 7.9%

J. Fernandes e Fernandes et al, 2001



CERAB:
COVERED ENDOVASCULAR RECONSTRUCTION OF AORTIC BIFURCATION



A.T.V., 52 yrs , Female



MORTALITY:
(< 30 days)

CERAB   0

ABF      3.3% (1/30)



CONTROL  ANGIOGRAM

2014: CEA for minor stroke
BP controlled
Renal function preserved
Patency of the reconstruction
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Crea.nina	

} Hypertension with heart failure

} Rectal bleeding

} Diabetes

} Previous stroke

A.M., MALE, 76 yrs

Discharge at 19th day after admission:
Well
BP controlled w/ 2 medications
No further episode of rectal bleeding



AORTIC ANEURYSMS



MARÇO 1987
PROF. NIKOLAI VOLODOS

1934 - 2016

HONORARY MEMBER
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Annals of Vascular Surgery, 5: 491-497, 1991

A SUCESSFUL  STORY   THAT 
CHANGED  MANAGEMENT  OF 
ANEURYSMAL  DISEASE





EVAR IN AORTIC ANEURYSMS

ANATOMIC REQUIREMENTS FOR EVAR

Rules of OR – Bridging between normal segments (landing zones)

NEW IMAGING REQUIREMENTS AND STANDARDS

High-Resolution CTA / Anatomy of the disease

IMPROVEMENT IN THE UNDERSTANDING OF THE DISEASE

Improved Selection of Patients

NEW ENDOPROSTHESIS

Safer and more durable



EVAR  vs OPEN REPAIR

ADVANTAGES OF EVAR

Reduction of early mortality and morbidity

Treatment of higher risk patients (not suitable for OR)

Shorter ICU and hospital stays

Affordable early costs (?)



• Elective Abdominal Aortic Aneurysms: 247 
patients

Open repair - 175 patients

Mortality < 30 days:  4 (2.3%)

Endovascular repair - 130 patients

Mortality < 30 days:  1 (0.8%)

ABDOMINAL AORTIC ANEURYSMS

J.	Fernandes	e	Fernandes,	L.	Mendes	Pedro	et al,	2012



FAILURES  AFTER  EVAR

Endoleaks

Migration

Structural Failure of the Endoprosthesis

Modular Disconnection

Persistant flow from patent vessel
IMA / Lumbar arteries

REPERFUSION OF THE ANEURYSM

SAC GROWTH

RUPTURE



FAILURES  AFTER  EVAR

• Unfavorable  Anatomy

• Inadequate Surveillance

Late Diagnosis

Delayed Intervention

Late Ruptures

• Progression of Disease

Failure of pharmacological intervention

• Aortic wall irregularities  /  
Calcification /  Thrombus /  
Tortuosity

• Occlusions



LATE FAILURES AFTER EVAR

• EVAR permits treatment of AAAs with low peri-operative

mortality, but concerns persist over long-term durability with

specific regard to sac expansion and aortic rupture

EVAR endoleak
sac expansion

late 
rupture

ACHILES’HEEL



EVAR FOR AORTIC ANEURYSMS
Requirements for Success



EVAR 1 TRIAL – 8 YRS FOLLOW - UP

N Engl J Med, 362, 20, 1863 – 187, 2010



MANAGEMENT OF AORTIC ANEURYSMS

in S A Chadi et al, JVS, 55,4,924-8, 2012

EVAR > GAME CHANGER
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Repair of AAA
Mayo Clinic, Rochester, MN
1997 – 2016: 4149 patients

2015
84% EVAR

Courtesy from Peter Gloviczki, 7th LVF, December 2016



TREND ON AAA MANAGEMENT

Courtesy	Prof. Paulo	Sousa	(ENSP)

Courtesy Prof. Paulo Sousa (ENSP)

0

50

100

150

200

250

300

350

400

2006 2007 2008 2009 2010 2011 2012 2013

AAA without rupture treated

OSR

EVAR

352

204

224
148

234





AORTIC ENDOVASCULAR REPAIR

❖ Tim Chuter (2001): 1st TAAA 

❖ Initially for high-risk patients

❖ f-EVAR e b-EVAR: 

• endoprosthesis custom-made(Cook Inc., 
plataforma Zenith).

• Aortic component with fenestrations and/or 
branches.

• Covered stents for the visceral arteries

EVAR:
• AAA - infra-renal

fenestrated-EVAR:
• AAA justa-renal

• AAA para/supra-renal

branched-EVAR:
• TAAA

• Aortic Arch Aneurysms

• Iliac Aneurysms (IBD)

1991 1999 2001



OVERCOMING UNFAVORABLE ANATOMY

IBD will provide adequate distal landing zone and

preservation of hypogastric circulation (uni/bilateral)

FEVAR in patients with challenging aneurysm necks may

further improve the results of EVAR

Standard infrarenal stent-grafts will be limited to patients

with a favorable anatomy
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INDICATIONS FOR CHEVAR 
SUPRARENAL ANGULATION IS MORE IMPORTANT FOR A SUPRARENAL 
SEALING 

OPTIMAL SUB-OPTIMAL 

For further details please refer to the IFU; M059210T001 [global] 
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WHAT IS A CHEVAR PROCEDURE? 

ChEVAR = Chimney-EVAR 
Placement of single or multiple stents 
parallel to main aortic stentgraft to 
extend the sealing zone over one or 
multiple side branches while 
maintaining patency to those 
branches 
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INDICATION SUMMARY 
JUXTARENAL AAA 

Insignificant calcification and thrombus at the level of proximal neck 
Adequate axillary or brachial artery access 
Limited Thrombus or calcification in the arch and DTA 

Short neck Angulated neck Renal 
• New neck length 

15 mm 
 

• Infrarenal neck length 
ƨ���PP up to 9 mm 

•   

• New neck diameter from 
19 to 30 mm 
 

• Possibly 1 or 2 Chimneys 

• Supra SMA angulation of  
0° - 45° 
 

• Suprarenal neck 
angulation 0° - 45° 
 

• Infrarenal neck angulation 
0° - 60° 
 
 

• Maximum Renal 
Angulation 0° - 90° 
(based on Renal Aortic Centre line) 
 

• Renal sealing zone of   
15 mm 

For further details please refer to the IFU; M059210T001 [global] 
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DEVICE SELECTION 

Nitinol Endoskeleton Stainless Steel Endoskeleton 

K. Donas et. al, J Vasc Surg. 2015 Sep;62(3):578-84  

In vivo and in vitro studies showed harmonic interaction of the 
Endurant device with balloon expandable covered stents as 
chimneys. 

Courtesy from MEDTRONIC
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THE PROTAGORAS STUDY 
STUDY RESULTS 

� Primary Endpoints: sac  diameter regression and Chimney graft patency 

 

� Sac regression: 64.8+/-14.6 mm Æ 60.1+/-16.3 mm, p <0.001 

� New onset of type IA endoleak needed secondary procedure: 1.6 % 

 

 

Reduced  
68% 

Stable 
23% 

Increased 
9% 

Patients at follow up  

90,6 % patients 

reduced or stable 

AAA diameter 

K. Donas et. al, J Vasc Surg. 2016 Jan;63(1):1-7 

ALTERNATIVES FOR UNFAVORABLE ANATOMY

CHIMPS – PARALLEL GRAFTS

• CHIMNEY
• SNORKEL
• SANDWICH TCHNIQUES

BAIL-OUT PROCEDURES

EMEGENCY SITUATIONS



W. B., 69 yrs, male

8 yrs follow-up: 

no endoleaks
no sac reperfusion



DISSEMINATED 
INTRAVASCULAR 
COAGULATION

Due to AAA
Hepatic insufficiency excluded –

Child Pugh A
Low levels of Factor VIII

J.S.A., ♂, 81yrs

Aorta – 71 mm
Left iliac artery – 94 mm

üBack pain medicated with

etoricoxib

ü48h later: Emergency unit:    

intra-oral hemorrhage, 

hematuria / melenas

Ecchymosis dorsum /

abdominal wall



J.S.A., ♂, 81yrs
Post-op.

❖ No pelvic ischemia.

❖ Improvement of coagulation
abnormalities.

❖ No new hemorrhagic event.

4 yr follow-up: no reinterventions



HYBRID REPAIR
M.V.A.,♂, 63 yrs

Follow-up: 8yrs
No complications



J.F.R. , MALE, 86 yrs

2006: Aortic Valve
Replacement

2012: EVAR for AAA 

2015: RUPTURED TAA

On Admission:

Conscious and stable

Cr: 2.2 mg% 

Previously autonomous



J. F. R. , MALE, 86 yrs

1 week control CTA

Follow-up: 2 ½ yrs



TEVAR          OR

Mortality         7.6%                    15.1%

Spinal Cord                1.3%                     5.7%
Ischemia

Stroke     2.5%                     8.6%

Reinterventions          4.4%                     5.7%

TEVAR  – DESCENDING    AORTA   ANEURYSMS

Reduced manipulation in the arch

Patency of L subclavian artery

Protocol for spinal cord protection



AORTIC ARCH ANEURYSMS 



Debranching Zone 1 + TEVAR



31 patients
n       stroke      mortality     paraplegia

Elective 23        3 (13%)     2 (9%)          0

Degenerative: 18
Penetrating ulcer: 1
Kommerell diverticulum: 1
Chronic post-trauma: 3

Rupture 8           0            2 (25%)         0

Degenerative: 6
Penetrating ulcer + ruptured pseudoaneurysm: 1
Post-dissection: 1

AORTIC  ARCH  ANEURYSMS

HIGH RISK PATIENTS



2012 20132011

2011

J.A.M., Male, 77 yrs

2018: well, no reperfusion of aneurysm sac



Ø Adequate angiographic equipment

Ø General anesthesia

Ø 3 access ports to the aorta:  bilateral 
femoral and left axillary artery (surgical 
exposure)

Ø CSF pressure monitoring and  fluid 
drainage



•AACJ

A.A.C.J., Male, 78 yrs

Type II TAAA Post-dissection

Progressive enlargement of TAAA  9 cm

High risk for open surgery

Supra aortic debranching: 

Bypass RCC-LCC + bypass Graft – LSCA (Dacron 8mm)

Abdominal debranching:

Bypass SMA – Common hepatic artery (Dacron 8mm)

First Post-op. day
Respiratory arrest - glottis oedema

Placed on ventilatory support + methylprednisolone
Kept orotracheal tube until the 2nd surgery 



Complex endovascular procedure

2 Thoracic endografts

Fen. Thoracoabdominal graft (SMA + LRA + RRA)

AAA bifurcated graft 

Placement of CSF drainage catheter before the surgery

•

A.A.C.J., Male, 78 yrs

ICU for 48h First post-op.day

Extubation

CSF drain occlusion – Left lower limb weakness

Drain replacement – active drainage

Complete reversal of neurological deficits

Control CT Scan



RESULTS

ENDOVASCULAR OPEN SURGERY (%)

N (%) N (%)

TAAA (n=40) 15 (36.6) 25 (37.9)

type II 4 (26.7) 10 (40.0)

type III 6 (40.0) 5 (20.0)

type IV 3 (20.0) 10 (40.0)

type V 2 (13.3) - -

AAA SR/PR/JR
(n=67) 26 (63.4) 41 (62.1)

TOTAL (n=107) 41 66

107 patientsGlobal experience

HOSPITAL MORTALITY  2.43%  1/41                                         10.6%  7/88

SPINAL CORD ISCHEMIA
Reversible 13.3%  2/15      0
Permanent 0 12%    3/25

HEMODYALISIS                    2.5%    1/41                                            4.5%    3/66



Follow-up

RESULTS

❖ Five cases of unrelated mortality.

❖ Target Vessel patency = 115/120 (95.8%)

‣ 1 SMA fenestration intra-op

‣ 1 renal chimney 3M

‣ 1 CT branch 4M

‣ 2 Renal branches  (same patient) 14M

15.4 months (1-66)



Lancet 2016;388:2366-74



Lancet 2016;388:2366-74

INSUFICIENT FOLLOW-UP IN 10 TO 40% OF THE PATIENTS



PREDICTORS OF ALL-CAUSE 
MORTALITY:

High clinical risk
Advanced age
Cancer history 
AAA size

POST - 6-yr INCREASE ON EVAR MORTALITY
NO LONGER OBSERVED AFTER 2005

Courtesy from Peter Gloviczki, 7th LVF, December 2016

EVAR – LONG-TERM RESULTS



EVAR – 3rd DECADE

Courtesy, J.P.Becquemin, 2015



EVAR – 3rd DECADE

IS EVIDENCE FROM THE RCT’S STILL VALID TODAY?

-Technological Developments

- New Endoprosthesis with better durability

- Reduction in Complications associated with EVAR

IMPROVEMENT ON DIAGNOSTIC STRATEGIES AND TREATMENT

OF EVAR COMPLICATIONS

RATIONALIZATION OF SURVEILLACE PROTOCOLS (SAC SIZE)

- Reduction on radiation exposure and costs

SELECTION OF PATIENTS – NOT PUSHING THE LIMITS!



UK NICE 
GUIDELI
NES FOR 
AAA 
REPAIR

• Open surgical repair (OR) – if suitable – preferable
to endovascular repair (EVAR) for unruptured
infrarenal AAA 

• EVAR preferable to OR in patients with ruptured
AAA

• Endovascular Repair recommended for Complex
Aortic Aneurysms within RCT’s

• Endovascular or Open Repair not recommended
in high risk patients: anesthetic risk and/or severe
medical comorbidities  

• Reductions in EVAR use and EVAR-related
reinterventions will lead to cost savings within the

NHS



CACVS, Paris, 7-9 / February /2019

Webpage visit 19/2/2019













MANAGEMENT OF AORTIC DISEASE

ENDOVASCULAR INNOVATION CHANGED TREATMENT 

PTA / STENTING 1st alternative for aorto-iliac occlusive disease
EVAR / TEVAR / F / B - EVAR game changers world wide
Technology: better and more durable devices
Increments in early survival tend to persist beyond 6-yr interval
Critical appraisal of EVAR trials

COST – AWARENESS / AFFORDABILITY BY HEALTH 
SYSTEMS

REDUCTION ON COSTS: DEVICES / SURVEILLANCE / REINTERVENTIONS  

PUBLIC  HEALTH  ISSUE



M.M.M. , MALE, 81 YRS

Suprarenal clamping / A – I Bifurcation graft

No deterioration of renal function

Uneventful recovery / Discharge at 7th day p – op.

Patient well at 2 ½ yrs follow-up visit

Juxta - renal AAA:  6.0 cm

Fit male / Cr:  1.8 mg%

Previous abdominal surgery



30%

70%

2012 - 2016



MANAGEMENT OF AORTIC DISEASE

Patient Selection:

Age / Expected Survival / Surgical Risk

Anatomy of the Disease

Experience (Surgeon / Institution)

Prevention of Complications of Aortic Repair

Planning and adequacy of reintervention

Infection

INFORMED PATIENT’S PREFERENCE



Ø Endovascular Repair of Abdominal and Thoracic Aortic Aneurysms 
should be reserved for patients with suitable aneurysm anatomy.

Ø Branch and fenestrated stentgrafts are an effective and less invasive 
treatment for patients with Complex  Aneurysms and suitable 
anatomy.

Ø Spinal cord injury and stroke are still concerns and future strategies for 
their prevention are required.

Ø Open Surgery in Aortic Disease should be reserved to patients with 
unsuitable anatomy for endo repair, connctive-tissue disease, younger and 
good risk patients.

Ø Endovascular repair is becoming a suitable alternative for management 
of acute aortic syndromes.

CONCLUSIONS





2018 - 6 YRS LATER:
BALOON DILATATION OF THE ENDOGRAFT



3 774 patients: 46 yrs (29 - 62) and ISS of 34

196.8% increase in diagnosis of BTAI in the last decade

Use of TEVAR was associated with reduction in:

TEVAR           OPEN REPAIR

MORTALITY          9.3%                  16.6%

ICU - LOS                 9                       12  

(days)



CASE	5



CASE	5



ACUTE TYPE B AORTIC DISSECTION



J. F., 45 yrs, male



AORTIC ENDOVASCULAR REPAIR – NEW FRONTIERS



ASCENDING AORTA – THE LAST FRONTIER?



VASCULAR SURGERY AT CROSSROADS

RESEARCH ON MOLECULAR DETERMINANTS OF ANEURYSMAL DISEASE

Identification of high risk individuals
Preventive intervention
Reversal of the disease process 

OPEN REPAIR
INVASIVE CUTTING

ENDO REPAIR
FULL – METAL JACKET

BIOLOGICAL 
INTERVENTION TO
BIOGRAFTS








