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Risks of TAVI Access/DeploymentRisks of TAVI Access/Deploymentp yp y

U bl  t  d li   d lU bl  t  d li   d l•• Unable to deliver or deployUnable to deliver or deploy
•• DissectionDissection

E b liE b li•• EmbolismEmbolism
•• Entrapment/AvulsionEntrapment/Avulsion

Masson et al JACC Intrv 2009 2:811-20



4 Primary Reasons for Failure4 Primary Reasons for Failureyy

•• Insufficient caliberInsufficient caliber•• Insufficient caliberInsufficient caliber
•• CalcificationCalcification
•• TortuosityTortuosity
•• PlaquePlaqueqq
•• Incidental findings: aneurysms; Incidental findings: aneurysms; 

previous dissectionsprevious dissections

•• CT can play a strong role in CT can play a strong role in 
identifying potential problemsidentifying potential problems



Standard CTA Aorta ExamStandard CTA Aorta Exam

•• Arch to midArch to mid--thigh (extend to thigh (extend to subclaviansubclavian arteries arteries •• Arch to midArch to mid thigh (extend to thigh (extend to subclaviansubclavian arteries arteries 
for TAVI patients)for TAVI patients)

•• NonNon--con followed by concon followed by con--enhancedenhanced•• NonNon con followed by concon followed by con enhancedenhanced
•• Helical, Helical, ungatedungated CTCT

Pro:Pro:•• Pro:Pro:
–– Fast, familiar, full coverage of aortaFast, familiar, full coverage of aorta

Normal peripheral IV accessNormal peripheral IV access–– Normal peripheral IV accessNormal peripheral IV access
•• Con:Con:

No gating: artifact of rootNo gating: artifact of root–– No gating: artifact of rootNo gating: artifact of root
–– Large contrast volume (100Large contrast volume (100--120 120 mLmL))



Alternative ExamsAlternative Exams

•• Dynamic gating: (on) through chest and (off) Dynamic gating: (on) through chest and (off) •• Dynamic gating: (on) through chest and (off) Dynamic gating: (on) through chest and (off) 
through abdomen/peripheralthrough abdomen/peripheral

Good option if contrast volume not a concernGood option if contrast volume not a concern–– Good option if contrast volume not a concernGood option if contrast volume not a concern

•• Full aorta nonFull aorta non--contrast with concontrast with con--enhanced scan enhanced scan 
d di t d t  ili /f ld di t d t  ili /f ldedicated to iliac/femoraldedicated to iliac/femoral
–– Reduces contrast volumeReduces contrast volume

•• IntraIntra--aortic contrast injection and dedicated aortic contrast injection and dedicated 
iliac/femoral scaniliac/femoral scan
–– Lowest possible contrast volumeLowest possible contrast volume
–– Obtain critical lumen calibers in Obtain critical lumen calibers in iliacsiliacs//femoralsfemorals



UltraUltra--Low Dose Low Dose IliofemoralIliofemoral CTACTA

•• Consecutive patients being evaluated for Consecutive patients being evaluated for •• Consecutive patients being evaluated for Consecutive patients being evaluated for 
percutaneouspercutaneous valvularvalvular intervention requiring large intervention requiring large 
bore arterial accessbore arterial access

•• Cardiac Cardiac catheterisationcatheterisation with a 6 Fr femoral sheathwith a 6 Fr femoral sheath
–– DSA of iliac arteries in DSA of iliac arteries in anteroantero--posterior projectionposterior projection

•• single injection of 30cc contrast into abdominal aorta via single injection of 30cc contrast into abdominal aorta via 
pigtail catheterpigtail catheter

•• Pigtail catheter left in situ in infraPigtail catheter left in situ in infra--renal abdominal renal abdominal 
aortaaortaaortaaorta
–– connected to connected to heparinizedheparinized saline and securedsaline and secured



•• Patient Patient 
t f d t f d transferred transferred 
to CT suiteto CT suite

•• CT next to CT next to 
Cardiac Cath Cardiac Cath 
labslabs



MethodsMethods

CT Imaging Protocol (1)CT Imaging Protocol (1)CT Imaging Protocol (1)CT Imaging Protocol (1)

•• Philips Philips iCTiCT 256 256 
li  li  slice scannerslice scanner

•• SurveySurvey



MethodsMethods

CT imaging (2)CT imaging (2)CT imaging (2)CT imaging (2)
•• non contrast non contrast 

scan of chest scan of chest scan of chest scan of chest 
abdomen abdomen 
and pelvisand pelvispp

•• calcificationcalcificationcalcificationcalcification
•• confirmation confirmation 

of catheter of catheter 
positionposition



MethodsMethods

CT Imaging Protocol (2)CT Imaging Protocol (2)CT Imaging Protocol (2)CT Imaging Protocol (2)
Contrast Enhanced ScanContrast Enhanced Scan

1:3 to 1:4 dilution contrast to saline mixture (1:3 to 1:4 dilution contrast to saline mixture (IsovueIsovue 370)370)•• 1:3 to 1:4 dilution contrast to saline mixture (1:3 to 1:4 dilution contrast to saline mixture (IsovueIsovue 370)370)

•• 40 cc 40 cc of total volume (10of total volume (10--12 cc of contrast) injected 12 cc of contrast) injected 
at 4 cc/second via pigtail catheterat 4 cc/second via pigtail catheterat 4 cc/second via pigtail catheterat 4 cc/second via pigtail catheter
•• 9 9 sec scan delaysec scan delay
•• helical helical ungatedungated CT from midCT from mid--abdomen to mid thighabdomen to mid thigh•• helical helical ungatedungated CT from midCT from mid--abdomen to mid thighabdomen to mid thigh

•• 256 256 x 0.625 collimation, rotation time 0.75 seconds, pitch x 0.625 collimation, rotation time 0.75 seconds, pitch 
0.64, 120 kV, 154 0.64, 120 kV, 154 mAsmAs, thickness 3 mm, thickness 3 mm

•• pigtail catheter removed while patient in CT suitepigtail catheter removed while patient in CT suite
•• arterial sheath left in situ to be removed laterarterial sheath left in situ to be removed later



IntraIntra--aortic CTAaortic CTA
Joshi SB, Mendoza DD, Steinberg DH, Weissman G, Satler LF, Pichard Joshi SB, Mendoza DD, Steinberg DH, Weissman G, Satler LF, Pichard , , g , , ,, , g , , ,

AD, Weigold WG. JACC Imaging 2009;2:1404AD, Weigold WG. JACC Imaging 2009;2:1404--1111

•• 37 pts undergoing 37 pts undergoing TAVI TAVI (Edwards valve)(Edwards valve)•• 37 pts undergoing 37 pts undergoing TAVI TAVI (Edwards valve)(Edwards valve)
•• IntraIntra--aortic contrast injection via pigtail aortic contrast injection via pigtail 

th t  ft  i   th t  ft  i   iicatheter after inv. coronary catheter after inv. coronary angioangio
•• 10 10 mLmL contrast diluted in 30 contrast diluted in 30 mLmL salinesaline



IntraIntra--aortic CTAaortic CTA



Focal arterial stenosisFocal arterial stenosis



Tortuous courseTortuous course



Arterial DissectionArterial Dissection



CTA and CTA and TAVI TAVI ContraindicationsContraindications

•• Compared to conventional Compared to conventional angioangio, CTA reveals more of , CTA reveals more of 
the factors that the factors that are associated are associated with poor outcomeswith poor outcomes
M  iti  t lM  iti  t l•• More sensitive toolMore sensitive tool



Results (6)Results (6)

Clinical ImpactClinical ImpactClinical ImpactClinical Impact

•• In 7 patients (26 %) CT angiography lead to In 7 patients (26 %) CT angiography lead to •• In 7 patients (26 %) CT angiography lead to In 7 patients (26 %) CT angiography lead to 
cancellation of percutaneous intervention cancellation of percutaneous intervention 
due either to confirmation or discovery of due either to confirmation or discovery of due either to confirmation or discovery of due either to confirmation or discovery of 
contracontra--indicationindication

severe vessel tortuositysevere vessel tortuosity–– severe vessel tortuositysevere vessel tortuosity
–– stenosisstenosis

se ere calcificationse ere calcification–– severe calcificationsevere calcification



Role of CT in TAVIRole of CT in TAVI

•• PercutaneousPercutaneous AVR requires detailed AVR requires detailed •• PercutaneousPercutaneous AVR requires detailed AVR requires detailed 
understanding of annulus/root/leaflet/ST understanding of annulus/root/leaflet/ST jxnjxn
anatomy & morphologyanatomy & morphologyanatomy & morphologyanatomy & morphology

•• Cardiac CT uniquely well suited to this taskCardiac CT uniquely well suited to this task
–– 3D dataset3D dataset
–– Infinite manipulation / rotationInfinite manipulation / rotation
–– Excellent spatial resolution (< 0.5 mm)Excellent spatial resolution (< 0.5 mm)
–– Advanced measurement toolsAdvanced measurement tools



CaveatCaveat

•• One limitation: lack of standardization of One limitation: lack of standardization of •• One limitation: lack of standardization of One limitation: lack of standardization of 
measurement methodmeasurement method

CT measurement methodology requires method of CT measurement methodology requires method of –– CT measurement methodology requires method of CT measurement methodology requires method of 
image DISPLAY, as well as actual measurement image DISPLAY, as well as actual measurement 
methodmethodmethodmethod

–– Conflict between OPTIMAL CT DISPLAY method, and Conflict between OPTIMAL CT DISPLAY method, and 
display that parallels that of gold standarddisplay that parallels that of gold standardp y p gp y p g

•• Same problem in coronary CTASame problem in coronary CTA
•• One approach: make a CT look like an One approach: make a CT look like an aortogramaortogram



Multiple measures from multiple Multiple measures from multiple modesmodes
Which one is “right”?Which one is “right”?Which one is right ?Which one is right ?

Tuzcu EM, Kapadia SR, Schoenhagen P JACC 2010;55



Aortic Root Measurement: CTA Aortic Root Measurement: CTA vsvs AortographyAortography
KurraKurra V et al  JACC V et al  JACC IntvIntv 2010;3:1052010;3:105--113113KurraKurra V et al. JACC V et al. JACC IntvIntv 2010;3:1052010;3:105 113113



Aortic Root Measurements: MDCTAortic Root Measurements: MDCT
•• Standard measurements (A)Standard measurements (A)

M t  f   ti l M t  f   ti l •• Measurements from cross sectional Measurements from cross sectional 
imaging (Bimaging (B))

•• N=40N=40



Multimodality assessment of aortic annulus Multimodality assessment of aortic annulus 
diameterdiameterdiameterdiameter

MessikaMessika--Zeitoun D et al. JACC 2010;55:186Zeitoun D et al. JACC 2010;55:186--9494



MethodsMethods

•• TTE and TEETTE and TEE•• TTE and TEETTE and TEE
•• Annulus diameter standard method, midsystole, Annulus diameter standard method, midsystole, 

PLAX (TTE) or 120PLAX (TTE) or 120--140 LAX (TEE)  averaged over 140 LAX (TEE)  averaged over PLAX (TTE) or 120PLAX (TTE) or 120 140 LAX (TEE), averaged over 140 LAX (TEE), averaged over 
33--5 beats.5 beats.

•• 64 MDCT64 MDCT•• 64 MDCT64 MDCT
•• 2 CT measurement methods:2 CT measurement methods:

Short and long axis of short axis view of annulusShort and long axis of short axis view of annulus–– Short and long axis of short axis view of annulusShort and long axis of short axis view of annulus
–– 3 chamber echo mimic view3 chamber echo mimic view



CorrelationCorrelation
n 45n 45n=45n=45



AccuracyAccuracy
n 45n 45n=45n=45

CT vs  TTE CT vs  TTE                CT vs. TTE CT vs. TTE                

Minimal bias
95% CI +/- 3 to 4 mm95% CI +/- 3 to 4 mm



Accuracy of MDCT vs. Echo for Accuracy of MDCT vs. Echo for 
A ti  A l  Di tA ti  A l  Di tAortic Annulus DiameterAortic Annulus Diameter

Tops, Wood, Tops, Wood, SchuijfSchuijf, JG Webb, JJ , JG Webb, JJ BaxBax JACC JACC ImgImg 2008;1:3212008;1:321--30 30 



Aortic Root / LVOT Structure Not SimpleAortic Root / LVOT Structure Not Simple

•• Aortic root more complex than simple “tube”Aortic root more complex than simple “tube”•• Aortic root more complex than simple tubeAortic root more complex than simple tube
–– Can be oval in shapeCan be oval in shape

Can remodel and change with aging and diseaseCan remodel and change with aging and disease–– Can remodel and change with aging and diseaseCan remodel and change with aging and disease
–– CalcificationCalcification



Aortic Root Remodeling in ASAortic Root Remodeling in AS
Akhtar M, Tuzcu EM, Halliburton S, Schoenhagen P, et al.Akhtar M, Tuzcu EM, Halliburton S, Schoenhagen P, et al., , , g ,, , , g ,

Presented at Society of Cardiovascular CT Annual Meeting 2008Presented at Society of Cardiovascular CT Annual Meeting 2008

•• 25 AS pts compared to 25 age 25 AS pts compared to 25 age 25 AS pts compared to 25 age 25 AS pts compared to 25 age 
& sex matched controls& sex matched controls

•• MDCT and measured valve MDCT and measured valve 
l  t  i  d ST l  t  i  d ST annulus to coronaries and ST annulus to coronaries and ST 

junctionjunction
•• Shorter length in AS patientsShorter length in AS patientsg pg p
•• Implications for perc AVR Implications for perc AVR 

(possibly increased risk of (possibly increased risk of 
coronary complication by coronary complication by coronary complication by coronary complication by 
valve during implant)valve during implant)



Aortic Root MeasurementsAortic Root Measurements
Sinus of Sinus of ValsalvaValsalva; Left Coronary ; Left Coronary OstiumOstium; ; LeafletLeafletSinus of Sinus of ValsalvaValsalva; Left Coronary ; Left Coronary OstiumOstium; ; LeafletLeaflet
Tops, Wood, Tops, Wood, SchuijfSchuijf, JG Webb, JJ , JG Webb, JJ BaxBax JACC JACC ImgImg 2008;1:3212008;1:321--3030



Heads Up: Potential ProblemsHeads Up: Potential Problems
Tops  Wood  Tops  Wood  SchuijfSchuijf  JG Webb  JJ  JG Webb  JJ BaxBax JACC JACC ImgImg 2008;1:3212008;1:321 3030Tops, Wood, Tops, Wood, SchuijfSchuijf, JG Webb, JJ , JG Webb, JJ BaxBax JACC JACC ImgImg 2008;1:3212008;1:321--3030

(A & B) Ovoid annulus: long axis diameter of 27.3 mm but short axis diameter of (A & B) Ovoid annulus: long axis diameter of 27.3 mm but short axis diameter of 
20.3 mm
(C) Short distance to left coronary ostium (11.6 mm) relative to length of left 
coronary leaflet (13.4 mm)y ( )



Aortic CalcificationAortic CalcificationAortic CalcificationAortic Calcification

Mild (A)Mild (A)•• Mild (A)Mild (A)
•• Moderate (B)Moderate (B)
•• Heavy = may be associated Heavy = may be associated •• Heavy = may be associated Heavy = may be associated 

with commissural fusion (C)with commissural fusion (C)
•• Massive = extending beyond Massive = extending beyond 

l  l  (D)l  l  (D)annulus plane (D)annulus plane (D)



Aortic Valve CalcificationAortic Valve Calcification
No standard classificationNo standard classificationNo standard classificationNo standard classification

Tops, Wood, Tops, Wood, SchuijfSchuijf, JG Webb, JJ , JG Webb, JJ BaxBax JACC JACC ImgImg 2008;1:3212008;1:321--3030

Mild  M d t  H  M iN  Mild  M d t  H Mild, Moderate, Heavy, MassiveNone, Mild, Moderate, Heavy



Weak correlation between Weak correlation between 
calcification and aortic regurgcalcification and aortic regurgcalcification and aortic regurgcalcification and aortic regurg

R=0 329R=0.329

R=0 254R=0.254



TAVI Guided by CT TAVI Guided by CT AngioAngioTAVI Guided by CT TAVI Guided by CT AngioAngio













WMV



ConclusionsConclusions

•• CTA has a potential role in the preCTA has a potential role in the pre procedure procedure •• CTA has a potential role in the preCTA has a potential role in the pre--procedure procedure 
evaluation and planning of TAVIevaluation and planning of TAVI

Peripheral vascular accessPeripheral vascular access–– Peripheral vascular accessPeripheral vascular access
–– Aortic root Aortic root morphometrymorphometry

D i  i i gD i  i i g–– Device sizingDevice sizing
–– Prediction of problems / complicationsPrediction of problems / complications

P ti t l tiP ti t l ti–– Patient selectionPatient selection
•• Also: used by surgeons if patients are postAlso: used by surgeons if patients are post--CABGCABG


