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Background

• Aortic valve (AV) replacement is the mainstay of 
treatment of symptomatic aortic stenosis (AS)

• Transcatheter Aortic Valve Implantation (TAVI) is a 
less invasive alternative procedure to treat AS in 
patients who have unacceptably high surgical risk

• Typically patients are older, with more 
comorbidities including renal failure



Renal Impairment and TAVI
• Intravenous contrast generally safe

• Patients with chronic renal dysfunction are at 
increased risk of acute kidney injury when undergoing 
TAVI1,2

– Cause of AKI unclear but contrast use blamed in some cases

• Renal dysfunction is an independent risk factor for 
mortality and bleeding complications post TAVI 1,2,3,4,5 

1.Yamamoto M et al. Prognostic Value of chronic kidney disease after transcatheter aortic valve implantation. J Am Coll
Cardiol 2013 ;62 (10):869-77
2. Gargiulo G etal. Moderate and severe preoperative chronic kidney disease worsen clinical outcomes after transcatheter
aortic valve implementation. Circulation Cardiovascular Interventions 2016; 
3. Allend R. et al. Advanced chronic kidney disease in patients undergoing transcatheter aortic valve implantation: insights 
into clinical outcomes and prognostic markers from a large cohort of patients. Eur Heart J 2014; 35(38)-2685-96
4. Ferro CJ etal.  Impact of renal function on survival after transcatheter aortic valve implantation (TAVI): an analysis of the 
UK TAVI registry. Heart 2015. Epublished
5. Blair JE etal. Inhospital and Post-discharge Changes in Renal Function After Transcatheter Aortic Valve Replacement. Am J 
Card 2016; 117 (4):  633-639. 





Question

• Patients undergoing TAVR get intravenous 
contrast medium three times during their workup
– 1. Cardiac catheterization

• 40-100 mL contrast

– 2. CTA
• 60-120 mL contrast

– 3. TAVR procedure
• 80-250 mL contrast

• What can we do as radiologists to decrease 
volume of contrast delivered to these patients 
with CRF? 



Purpose

• To assess the quality of contrast enhancement 
in patients undergoing low contrast volume 
CTA via an indwelling pulmonary artery 
catheter (PAC) compared to standard volume 
CTA administered via peripheral IV as part of 
pre-TAVI workup



Protocol #1

• 2 scans with 2 contrast boluses
• Philips 256-slice iCT
• Scan 1

– Retrospectively gated scan of thorax
– 100 kV with BMI<40 and 120 kV for BMI≥40
– No ECG tube current modulation
– x-y-z axis modulation

• Scan 2
– Non-gated CTA of A/P
– 120 kV 

• Two contrast boluses
– Bolus 1

• 60 mL Omnipaque 350 for gated thorax
• 30 mL saline

– Bolus 2
• 60 mL Omnipaque 350 for non-gated A/P
• 30 mL saline

– Total of 120 mL contrast and 60 mL saline

Scan 2
CTA A/P

60 mL 
contrast
30 mL
saline

Scan 1
Retro 
Chest
60 mL 

contrast
30 mL
saline



Protocol #3
• Philips 256-slice scanner

• Single scan

• Retrospectively gated aorto-iliac 
scan from thoracic inlet to femoral 
neck
– No ECG tube current modulation

– x-y-z axis modulation

• 80kV in patients with BMI <40, 100 
kV in patients with BMI≥40

• Single contrast bolus via PA catheter
– 30 mL Omnipaque 350 mixed with 30 

mL saline

– 20 mL saline flush

– Bolus tracker technique used
• Manually started by attending radiologist 



Reconstruction Protocol

• Philips 256-iCT scans

– Iterative Model Reconstruction (IMR) level 1

• Siemens Force scans

– Admire level 3 for all scans

• Same reconstruction parameters 

– 0.9mm slice thickness with 0.45mm overlap for all 
recons

– Full FOV reconstruction of entire body at 40%

– 0%-90% phases of heart



Reader Evaluation

• 30 CTA studies (15 RI group; 15 CL group)

• 2 Readers
– 2 board certified radiologists (5 years & 8 years 

experience

• Studies evaluated on Aquarius Workstation 
(Terarecon, Foster City, CA)

• Readers asked to evaluate subjective vascular 
enhancement and image quality

• 4 point Likert Scale (1- non-diagnostic; 4 ideal)



Patient Population

RI Group Control Group

Age (years)
(Mean)

73-89
(84)

58-81
(72)

Gender
(M-male; F-female)

8M; 7F 8M; 7F

Body Mass Index 24.8-56.5 (33.9) 25.3-47.8 (34.7)

• 15 patients with CRI had gated-CTA as part of 
TAVI work up with PAC in situ 

• FINAL RI group n=15

• CONTROL group n=15



Results
Quantitative Analysis

RI Group Control Group P-value

Aortic Annulus:

Attenuation 389.9±129 292.16±103.7 p=0.1442 

Noise 30.5±18.4 21.0±3.28 p=0.203 

Right External Iliac Artery: 

Attenuation 374.2±121.2 269.9±69.7 p=0.0718 

Noise 52.2±47.1 29.7±19.2 p=0.265 

• No significant differences between the groups for Attenuation or Noise



Subjective Vascular Attenuation
Protocol #1 Protocol #2



Additional examples
90 y/o male; GFR = 42 78 y/o male; GFR = 33 79 y/o female; GFR = 40 86 y/o male; GFR = 39 



Subjective Reader Study –
Enhancement and Image Quality

• All studies considered diagnostic by both 
readers

• Subjective image quality between the 2 
groups was similar 

(Mann-Whitney U, p=0.897)



Can we go lower?
20mL Omnipaque 350 and 20mL saline



70 y/o patient with BMI of 35 and GFR of 28

20mL Omnipaque 350 and 20mL saline



Not always perfect

Additional 
20mL contrast



94 year-old woman with GFR=37



Discussion:

• Limitations
– Retrospective study

– Small number of patients in study
• Currently have performed over 50 patients using this 

protocol

• Results are similar

• Lowered dose to 20mL on contrast in many patients

– Small number of readers

– High radiation dose
• Likely small issue given patient age



Discussion/Conclusion

• Other methods for contrast dose reduction

– CTA to obviate need for catheterization

• Have finally convinced our interventional cardiologists

– Reduce actual contrast dose for procedure

• Usage ranges from 80-250 mL of contrast 

• Recent case report discusses performing TAVI without 
contrast with fluoroscopic-echo fusion1

Eskandari etal. Zero contrast transfemoral transcatheter aortic valve replacement using fluoroscopic-
echocardiography fusion imaging. Am Journal of Cardiology, 2016: 11(117); 1861-1862.



• Low contrast volume CTA via PAC for pre-
procedural TAVI planning can significantly 
decrease the amount of contrast while 
providing excellent vascular enhancement
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