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Le mie conoscenze della lingua italiana bastano
appena per ordinare in caffè o un bicchiere di
vino, ma non per fare la seguente relazione.



BackgroundBackground
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EndovascularEndovascular Repair ( Repair (StentgraftStentgraft) in Thoracic Aortic Disease (TEVAR)) in Thoracic Aortic Disease (TEVAR)

     - requires adaequateadaequate landing zones landing zones
     - proximal and distal
     - = 15 mm (in elective cases)

Mitchell, Ishimaru et al. 2002



Classification of landing zones Classification of landing zones (TEVAR) – Ishimaru

• zone 0 - Truncus brachiocephalicus

• zone 1 - A. carotis communis sinistra

• zone 2 - A.A. subclavia sinistra subclavia sinistra ??  ??????

••  zone 3

• zone 4

BackgroundBackground

debranching-operation

NO debranching-operation

Mitchell, Ishimaru et al. 2002
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Classification of landing zones Classification of landing zones (TEVAR) – Ishimaru

• zone 0 - Truncus brachiocephalicus

• zone 1 - A. carotis communis sinistra

• zone 2 - A.A. subclavia sinistra subclavia sinistra ??  ??????

••  zone 3

• zone 4

BackgroundBackground

debranching-operation

NO debranching-operation

Mitchell, Ishimaru et al. 2002
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Potential risks of LSA coverage Potential risks of LSA coverage (during TEVAR)

BackgroundBackground
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Critical ArteriesCritical Arteries

??   LSALSA

        -> shoulder girdle/upper extremity-> shoulder girdle/upper extremity
??   vertebral arteryvertebral artery

        -> brain (posterior circulation) and-> brain (posterior circulation) and
        spinal cord        spinal cord
??   ascending cervical arteryascending cervical artery

        -> spinal cord-> spinal cord
??   deep cervical arterydeep cervical artery

        -> spinal cord-> spinal cord
??   internal mammaryinternal mammary

        -> potential donor for CABG-> potential donor for CABG



BackgroundBackground
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Potential risks of LSA coverage Potential risks of LSA coverage (during TEVAR)

?  posterior circulation strokeposterior circulation stroke

?  spinal cordspinal cord ischemia ischemia

?  subclaviansubclavian steal syndrome steal syndrome

?  upper limbupper limb ischemia ischemia

?  ENDOLEAK Type IIENDOLEAK Type II

??  (coronary (coronary ischemia ischemia))

BackgroundBackground
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• „prophylactic“ LSA revascularization of of ALLALL patients undergoing LSA patients undergoing LSA
coverage prior to TEVARcoverage prior to TEVAR

to preventto prevent ischemic ischemic complications complications

versus

• selective LSA revascularization

     primaryprimary –– in in pts pts considered high  considered high –– risk for risk for ischemic ischemic complications complications
(prior to TEVAR)(prior to TEVAR)

     secondary secondary –– in in pts pts with with ischemic ischemic complications complications
(after TEVAR)(after TEVAR)

LSA - Revascularisation LSA - Revascularisation –– Strategien Strategien
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• hypoplastic right / dominant left vertebral artery

• distal occlusion of right vertebral artery (incomplete Circle of Willis)

• aortic arch anomalities (A. lusoria; common origin of LCCA+LSA)

• left internal mammary artery (LIMA) – graft for CABG

• functioning dialysis fistula in the left arm

• prior concomitant infrarenal aortic replacement

• left- handed worker (e.g. pianist)

Primary selective LSA - RevascularisationPrimary selective LSA - Revascularisation

Kotelis et al., JVS 2009
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Potential risks of LSA coverage Potential risks of LSA coverage (during TEVAR)

?  posterior circulation strokeposterior circulation stroke baseline risk: 2 %

?  spinal cordspinal cord ischemia ischemia 4 %

?  subclaviansubclavian steal syndrome steal syndrome ??

?  upper limbupper limb ischemia ischemia 6 %

?  ENDOLEAK Type IIENDOLEAK Type II ??

BackgroundBackground
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Rizvi et al., JVS 2009



Potential risks of LSA coverage Potential risks of LSA coverage (during TEVAR)

?  posterior circulation strokeposterior circulation stroke baseline risk: 2 %

?  spinal cordspinal cord ischemia ischemia 4 %

?  subclaviansubclavian steal syndrome steal syndrome ??

?  upper limbupper limb ischemia ischemia 6 %

?  ENDOLEAK Type IIENDOLEAK Type II ??

BackgroundBackground
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Rizvi et al., JVS 2009



-> do data support -> do data support prophylacticprophylactic LSA LSA revascularization revascularization prior prior

to LSA coverage ??to LSA coverage ??

no prospective trialsno prospective trials

systematic reviewssystematic reviews

metaanalysesmetaanalyses

guidelinesguidelines

Questions to be raisedQuestions to be raised
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LiteratureLiterature

Klocker, Amsterdam 2010

Systematic Review and Meta-analysis

Rizvi et al., JVS 2009



LiteratureLiterature

Klocker, Amsterdam 2010

Practice Guidelines

Matsumura et al., JVS 2009



LiteratureLiterature

Klocker, Amsterdam 2010

Practice Guidelines

Lee et al., JVS 2011



LiteratureLiterature

Klocker, Amsterdam 2010

Hiratzka et al., Circulation 2010

Practice Guidelines



-> what are the potential risks of LSA-> what are the potential risks of LSA revascularization revascularization ?? ??

Questions to be raisedQuestions to be raised
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LiteratureLiterature

Klocker, Amsterdam 2010

Systematic Review and Meta-analysis

Rizvi et al., JVS 2009



Potential risk of LSAPotential risk of LSA revascularization revascularization

Questions to be raisedQuestions to be raised

Triangulum Bozen 2013Triangulum Bozen 2013

Cina et al., JVS 2002



How How wouldwould Prof Prof. A.. A. Greiner Greiner argue?? argue??
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New data?New data?

Own series?Own series?

Excellence of LSAExcellence of LSA revascularization revascularization??



LiteratureLiterature
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Ullery et al., JVS 2012



LiteratureLiterature
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Ullery et al., JVS 2012

PerioperativePerioperative stroke  stroke occurred in 20 of 530 patients (occurred in 20 of 530 patients (3.8%3.8%) undergoing TEVAR) undergoing TEVAR

anterior strokeanterior stroke: : n =  8n =  8
posterior stroke: posterior stroke: n = 12n = 12

n =  11 n =  11 proximal landing zone 2proximal landing zone 2
n =   9 n =   9 proximal landing zone 3proximal landing zone 3

7 of 20 7 of 20 stroke patients underwent a stroke patients underwent a left carotid-to-left carotid-to-subclaviansubclavian bypass bypass
(prior to TEVAR)(prior to TEVAR)

anterior strokeanterior stroke: : n =  4n =  4
posterior stroke: posterior stroke: n =  3n =  3



LiteratureLiterature
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Ullery et al., JVS 2012



Maldonado et al., JVS 2013
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LiteratureLiterature



Aim:

to better define the role and outcome of selective LSAto better define the role and outcome of selective LSA
revascularizationrevascularization  in patients who require coverage  in patients who require coverage

Methods:

??  retrospective review of prospectively collected data retrospective review of prospectively collected data

??   consecutive patients consecutive patients undergoing TEVARundergoing TEVAR

??   six high-volume centers six high-volume centers > 150 TEVAR experience> 150 TEVAR experience

??   n = 1189 patientsn = 1189 patients

Maldonado et al., JVS 2013
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LiteratureLiterature



Aim:

to define role and outcome of selective LSA-to define role and outcome of selective LSA-revascularizationrevascularization
in patients who require coveragein patients who require coverage

Methods:

??  retrospective review of prospectively collected data retrospective review of prospectively collected data
??  consecutive patients undergoing TEVAR consecutive patients undergoing TEVAR
??   six high-volume centers six high-volume centers (> 150 TEVAR experience each)(> 150 TEVAR experience each)
??   n = 1189 patientsn = 1189 patients
??  decision for LSA decision for LSA revascularization revascularization: physician dependent: physician dependent
??   nono routine or mandatory LSA routine or mandatory LSA revascularization revascularization  in any centerin any center

Maldonado et al., JVS 2013
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LiteratureLiterature



Methods:

primary endpoints at 30 days:primary endpoints at 30 days:
          ??  Stroke Stroke
          ??  Spinal Cord Spinal Cord Ischemia Ischemia
          ??  Death Death

subgroup analysis for:subgroup analysis for:
          ??  non-covered LSA non-covered LSA (group A)(group A)
          ??  covered LSA without covered LSA without revascularization revascularization (group B)(group B)
          ??  covered and covered and revascularized revascularized LSA LSA (group C)(group C)

Maldonado et al., JVS 2013
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LiteratureLiterature



Results:

??  non-covered LSA non-covered LSA (group A)   (group A)   n = 795n = 795
??  covered LSA without covered LSA without revascularization revascularization (group B)   (group B)   n = 214n = 214
??  covered and covered and revascularized revascularized LSA LSA (group C)   (group C)   n = 180n = 180

          total    n = 1189total    n = 1189

Maldonado et al., JVS 2013
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LiteratureLiterature



Results:

??  covered LSA without covered LSA without revascularization revascularization (group B)   (group B)   n = 214n = 214
??  covered and covered and revascularized revascularized LSA LSA (group C)   (group C)   n = 180n = 180

Maldonado et al., JVS 2013
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LiteratureLiterature



Results: StrokeStroke

??  covered LSA without covered LSA without revascularization revascularization (group B)   (group B)   n = 214n = 214
??  covered and covered and revascularized revascularized LSA LSA (group C)   (group C)   n = 180n = 180

Maldonado et al., JVS 2013
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LiteratureLiterature



Results: StrokeStroke

??  multivariate analysis multivariate analysis

Maldonado et al., JVS 2013
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LiteratureLiterature



Results: Spinal CordSpinal Cord Ischemia Ischemia

??  multivariate analysis multivariate analysis

Maldonado et al., JVS 2013
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LiteratureLiterature



PatientsPatients
n      n      (%)

Technical SuccessTechnical Success
(TEVAR)(TEVAR)

TAATAA
arterioscleroticarteriosclerotic

64   64   (46%) 98%98% n=1 conversion
(persist. endoleak 1A)

TAITAI
(post-)traumatic(post-)traumatic

38   38   (28%) 100%100%

Aortic dissectionAortic dissection

Type BType B
36   36   (26%) 100%100%

ALLALL 138  138  (100%)

TEVAR TEVAR –– Experience / Innsbruck Experience / Innsbruck
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TEVAR TEVAR –– Experience / Innsbruck Experience / Innsbruck
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LSA -LSA - Revascularisation Revascularisation Strategy Strategy

avoid full coverage of LSA avoid full coverage of LSA if possible!if possible!

ImagingImaging of aortic arch and of aortic arch and supraaortic supraaortic arteries including cerebral arteries including cerebral

circulation circulation in order to assess potentialin order to assess potential collaterals collaterals, anomalies & AOD, anomalies & AOD

-> -> SufficientSufficient collaterals collaterals  presentpresent
-> LSA coverage without prior-> LSA coverage without prior revascularization revascularization ( („„wait and seewait and see““))

RevascularizationRevascularization prior to LSA coverage in high-risk patients  prior to LSA coverage in high-risk patients onlyonly



• hypoplastic right / dominant left vertebral artery

• distal occlusion of right vertebral artery (incomplete Circle of Willis)

• aortic arch anomalities (A. lusoria; common origin of LCCA+LSA)

• left internal mammary artery (LIMA) – graft for CABG

• functioning dialysis fistula in the left arm

• prior concomitant infrarenal aortic replacement

• left- handed worker (e.g. pianist)

Primary selective LSA - RevascularisationPrimary selective LSA - Revascularisation

Kotelis et al., JVS 2009
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primary LSA revascularization (prior to TEVAR)

patientspatients
nn

primary
revascul indicationindication

TAATAA
arterioscleroticarteriosclerotic

6363 55 n=2 landing zone 0
n=2 dom. A. vertebr sin.
n=1 LIMA Bypass
n=1 St.p. AAA (OP)

TAITAI
(post-)traumatic(post-)traumatic

3838 11 n=1 landing zone 1

Aortic dissectionAortic dissection

Type BType B
3636 33 n=1 landing zone 1

n=1 paraplegia
n=1 simultaneous AAA-OP

ALLALL 137137 99  (6.5%)
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TEVAR TEVAR –– Experience / Innsbruck Experience / Innsbruck



patientspatients
nn

primary
revascul

neurologic
outcome

TAATAA
arterioscleroticarteriosclerotic

6363 55 -

TAITAI
(post-)traumatic(post-)traumatic

3838 11 stroke (n=1)

Aortic dissectionAortic dissection

Type BType B
3636 33 paraplegia: persisting

ALLALL 137137 99  (6,5%)
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TEVAR TEVAR –– Experience / Innsbruck Experience / Innsbruck

primary LSA revascularization (prior to TEVAR)



LSA coverage – results I

patientspatients
nn

LSA CoverageLSA Coverage LSA - occlusionLSA - occlusion
(partial or complete)(partial or complete)

TAATAA
arterioscleroticarteriosclerotic

6363   9   9 (+5) (14%)

TAITAI
(post-)traumatic(post-)traumatic

3838 21 21 (+1) (55%)

Aortic dissectionAortic dissection

Type BType B
3636 10 10 (+3) (28%)

ALLALL 137137 73 73 (53%) 4040 (29%)
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TEVAR TEVAR –– Experience / Innsbruck Experience / Innsbruck



patientspatients
nn

LSA - occlusionLSA - occlusion
(partial or complete)(partial or complete)

neurologic
outcome

TAATAA
arterioscleroticarteriosclerotic

6363   9   9 (+5) stroke + paraplegia +
ischemia left hand
(n=1)

TAITAI
(post-)traumatic(post-)traumatic

3838 21 21 (+1) o.B.

Aortic dissectionAortic dissection

Type BType B
3636 10 10 (+3) o.B.

ALLALL 137137 4040 (29%) 11
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TEVAR TEVAR –– Experience / Innsbruck Experience / Innsbruck

LSA coverage – results I



patientspatients
nn

LSA - occlusionLSA - occlusion
(partial or complete)(partial or complete)

TAATAA
arterioscleroticarteriosclerotic

6363   9   9 (+5) stroke + paraplegia +
ischemia left hand
(n=1)

TAITAI
(post-)traumatic(post-)traumatic

3838 21 21 (+1) LCCA + LSA coverage
(unintentional) (n=1)

Aortic dissectionAortic dissection

Type BType B
3636 10 10 (+3) -

ALLALL 137137 4040 (29%) 22

Triangulum Bozen 2013Triangulum Bozen 2013

TEVAR TEVAR –– Experience / Innsbruck Experience / Innsbruck

secondary LSA revascularization (after TEVAR)



neurologic complications (within 30 days after TEVAR)

patientspatients
nn

strokestroke otherother

TAATAA
arterioscleroticarteriosclerotic

6 6 / 63/ 63   (9.5%) 44 Paraplegie (n=2)
ICH (n=1)

TAITAI
(post-)traumatic(post-)traumatic

1 1 / 38/ 38   (2.6%) 11 00

Aortic dissectionAortic dissection

Type BType B
0 0 / 36/ 36 00 00

ALLALL 77 / 137   / 137  (5.1%) 55
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TEVAR TEVAR –– Experience / Innsbruck Experience / Innsbruck



Initials Pathology LSA revascularisation neurologic event region day

H.A. Traumat. TAA

(chronic)

yes (prior to TEVAR)

Hypoplastic  RVA,  zone 1 landing

Stroke

Incomplete ligation of LVA

posterior day 0

H.H. TAA

St.p. AAA repair

                        no

LSA patent

stroke posterior day 0

H.W. Rupt.TAA                         no

LSA patent

Stroke

(embolic)

diffuse day 8

L.F. TAA no

LSA patent

stroke

(embolic)

diffuse day 0

M.H. TAA no

LSA patent

ICH

choroid plexus papilloma

ventricular

system

day 0

M.O. TAA                 yes (after TEVAR)

LSA coverage

carotids + vertebral arteries patent

Transient paraplegia, LAI

Minor stroke (embolic) MCA/SCI day 1

V.R. TAA                         no

LSA patent

Paraplegia SCI day 1
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TEVAR TEVAR –– Experience / Innsbruck Experience / Innsbruck

neurologic complications (within 30 days after TEVAR)



functional assessment of the left upper limb

TEVAR TEVAR –– Experience / Innsbruck Experience / Innsbruck
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DASH Questionnaire



quality of life in patient with / without LSA coverage

SF-12 Questionnaire
     (ShortShort Form  Form / SF-36/ SF-36)

     PSC – physical component

     MSC – mental component

TEVAR TEVAR –– Experience / Innsbruck Experience / Innsbruck
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ConclusionsConclusions
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Intentional LSA coverageIntentional LSA coverage during TEVAR  during TEVAR is well tolerated is well tolerated and may beand may be

managed expectantly managed expectantly ––  with a few exceptionswith a few exceptions

(Primary) LSA(Primary) LSA  revascularizationrevascularization may itself lead to ( may itself lead to (neurologicneurologic))

complications complications (female > male)

ImagingImaging of of supraaortic supraaortic arteries  arteries is essential to select patients is essential to select patients at riskat risk
(those that should undergo primary LSA revascularization)

The majority ofThe majority of  neurologicneurologic events  events during TEVAR during TEVAR are caused byare caused by

emboliemboli

LSA coverage does not affect left arm function and quality of lifeLSA coverage does not affect left arm function and quality of life


