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Introduction

Transcatheter aortic valve replacement (TAVR) has emerged 
as the preferred treatment strategy in patients with severe, 
symptomatic aortic stenosis considered at intermediate, 
high or extreme risk for surgical aortic valve replacement. 
Its use may soon be extended to patients at low risk, for 
surgery as well (1-4). While TAVR offers the benefit of 
a minimally invasive or entirely percutaneous approach 
with more rapid recovery, the preoperative evaluation 
entails extensive imaging utilizing a variety of modalities. 
While this complex work-up is necessary to ensure optimal 
outcomes, it requires not only the technology but the 
expertise in interpretation to extract the maximal benefit 
from the information obtained.

Valve prostheses

Two valve prostheses are currently available and Food and Drug 
Administration (FDA) approved in the United States for TAVR: 
the self-expandable Medtronic CoreValve (Medtronic, Inc., 
Minneapolis, MN, USA) and the balloon-expandable Edwards 
Sapien Valve (Edwards Lifesciences, Irvine CA, USA). 

The landmark Partner trials utilized the Edwards Sapien 
valve made of bovine pericardium in a stainless steel frame. 
It was available in 23 and 26 mm sizes and was delivered 
via a 22–24F sheath. The next generation Sapien XT valve 
utilized bovine pericardium in a cobalt chromium frame, 
and came in 23, 26, and 29 mm sizes requiring a 16–20F  
sheath. The latest version, the Edwards Sapien III, has 
an outer skirt designed to decrease paravalvular aortic 
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insufficiency (AI) (Figure 1). It is available in 20, 23, 26, and 
29 mm sizes and utilizes a 14-16F sheath (Table 1).

The Medtronic CoreValve utilizes bovine pericardium 
in a nitinol frame (Figure 2). Nitinol is unique in that it 
demonstrates superelastic properties at low temperatures 
allowing for tight compression on a small sheath, but 
generates very high radial forces at higher body temperatures. 
This allows for valve deployment without a balloon (5). The 
latest version of the Medtronic CoreValve, the Evolut R, 
utilizes porcine pericardium and has a recapturable feature 
and an extended skirt designed to decrease malpositioning 
and rates of postoperative AI. Both come in a variety of sizes 
[23 mm (Evolut R), 26 mm (Evolut R), 29 mm (Evolut R), 
31 mm (CoreValve), 34 mm (Evolut R)], and the Evolut R is 
delivered via a 14-16F sheath (Table 2).

Preoperative evaluation

Transthoracic echocardiography (TTE) remains the mainstay 
of diagnosis of aortic stenosis. The transaortic gradient, 
velocity and aortic valve area are all determined reliably with 
TTE. TTE can also assess the degree of valve calcification 
and valve morphology (bicuspid versus tricuspid) which 
is highly relevant given that TAVR is still controversial in 
bicuspid aortic stenosis (6-8). TTE can assess ventricular 
function and other valvular and structural abnormalities, 
such as septal hypertrophy which in severe cases may also 
be a contraindication as it is a risk for valve embolization (9). 
Ascending and descending aortic atheroma can also be 
visualized and, if severe, may affect access choice. TTE is 
readily available, entails no patient discomfort, and is risk 
free. However, it is highly user dependent and in certain 
patient populations, such as the obese, those with severe 
emphysematous lung disease, and those with prior thoracic 
surgery, imaging may be suboptimal.

In addition to diagnosing and quantifying the degree 
of aortic stenosis, the TAVR preoperative evaluation 
entails sizing of the annulus and surrounding structures 
to determine the optimal prosthesis type and size and to 

Table 1 Sapien valve generation and valve sizes with specifications

Valve
Valve 
size

Sheath outer 
diameter (mm)

Minimum vessel 
diameter (mm)

Sheath 
size (F)

Sapien 23 8.4 7 22

26 9.2 8 23

Sapien XT 23 6.7 6 16

26 7.2 6.5 18

29 8 7 20

Sapien 3 20 6 5 14

23 6 5.5 14

26 6 5.5 14

29 6.7 6 16

Table 2 Medtronic CoreValve sizes and specifications

Valve
Valve size  

(mm)
Minimum vessel 
diameter (mm)

Sheath size  
(F)

CoreValve 23, 26, 29, 31 6 18

Evolut R 23, 26, 29 5 14

Evolut R 34 5.5 16

Figure 1 Edwards Lifesciences Sapien 3 Valve with outer skirt.

Figure 2 Medtronic CoreValve with nitinol frame.
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Figure 3 CTA measurement of the annular area and perimeter. 
CTA, cardiac computed tomography.

determine the adequacy of the peripheral vasculature for 
selection of an access strategy. Computed tomographic 
angiography (CTA) has become the modality of choice for 
annular sizing with low interobserver variability (10,11) 
and reductions in postoperative AI and valve related 
complications (12-14) when compared to echocardiography 
guided TAVR demonstrated in several studies. 

The aortic annulus is a virtual ring formed by the nadirs 
of the aortic leaflets, and assessment of its dimension is the 
most critical aspect of imaging in the preoperative TAVR 
evaluation. As most annuli are elliptical, measurements of 
the major and minor diameters, annular area, and annular 
perimeter are taken. The area- and perimeter-based 
diameters as well as the average of the major and minor 
diameters are then determined (Figure 3). Undersizing 
of the prosthetic valve may lead to paravalvular AI and 
embolization, whereas oversizing may lead to annular 
rupture and coronary occlusion. Measurements are 
preferably taken during systole (20–40% R-R interval) with 
EKG-triggered cardiac CTA as this is when the diameter is 
largest, although this is controversial (5,15,16).

T T E  a n d  t r a n s e s o p h a g e a l  e c h o c a r d i o g r a p h y 
(TEE) can and have been used for determination of  
annular dimensions, although they frequently result 
in underestimation due to the assumption of a circular 
annulus (17-19). Annular measurements by cardiac CTA 
have resulted in lower rates of paravalvular AI, a major 
determinant of short- and long-term outcomes (13,14,20). 
Measurements of annular perimeter tend to yield the 
lower interobserver  variability (10) and larger diameters 
than annular area or the mean of the major and minor 

diameters (16,21). However, a larger measured diameter 
necessitates a larger prosthesis, with the risk of annular 
rupture. Given that the incidence of annular rupture with the 
self-expandable CoreValve is nearly nonexistent, perimeter-
based measurements are frequently used to reduce the rate 
of paravalvular AI, whereas the balloon-expandable Edwards 
Sapien system uses area-based measurements.

Cardiac CTA is also used to determine the dimensions 
of the sinuses of Valsalva and sinotubular junction, and the 
height of the coronary ostia and the sinotubular junction 
(Figures 4). TAVR entails implantation of a prosthesis in the 
aortic annulus with lateral displacement of the native leaflets 
and associated calcium. Coronary obstruction is a rare 
complication of TAVR caused by displacement of leaflet or 
annular calcium by the prosthesis into the coronary ostia 
and is more common with balloon-expandable valves (22).  
Smaller sinus of Valsalva and sinotubular junction 
dimensions and coronary ostia height <10 mm are risk 
factors for coronary obstruction, and may warrant coronary 
wire access prior to valve deployment (5,16,22) (Tables 3,4). 

Cardiac CTA can assess the degree of annular, leaflet, and 
left ventricular outflow tract calcification. Excessive leaflet 
calcification is a potential risk for coronary obstruction, 
and excessive left ventricular outflow tract or annular 
calcification is a risk factor for paravalvular AI (especially 
asymmetric calcification) and annular rupture (16) (Figure 5).  
Cardiac CTA can measure the angle between the left 
ventricular outflow tract and the aorta. There is evidence to 
suggest that patients with a high degree of aortic angulation 
may have increased rates of postoperative AI and other valve 
related complications with self-expandable but not balloon-
expandable valves (23-25), and accordingly, patients with 
aortic angulation greater than 70 degrees were excluded 
from trials of the Medtronic CoreValve (Figure 6). Finally, 
cardiac CTA can assess left ventricular function and other 
valvular abnormalities, similar to echocardiography, and 
coronary artery disease. 

At the time of valve deployment during TAVR, the 
correct fluoroscopic view in which all three cusps are 
seen in line is obtained. This deployment angle requires 
multiple “trial-and-error” aortograms with repositioning 
of the fluoroscopy arm until an adequate 3-cusp view is 
seen, but can be predicted with cardiac CTA. Cardiac CTA 
guided determination of the deployment angle may reduce 
procedure time, contrast volume, and radiation exposure, 
with improvements in the rate of correct fluoroscopic 
projections at the time of TAVR and improved outcomes 
(16,20,26) (Figure 7).



S292 Salemi and Worku. TAVR imaging

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2017;9(Suppl 4):S289-S298jtd.amegroups.com

Figure 4 CTA measurement of (A) right coronary height (B) Sinotubular and left coronary heights (C) diameter of sinuses (D) sinotubular 
junction diameter. CTA, cardiac computed tomography.

Table 4 Edwards Sapien three annular size requirements

Valve (mm) Annular area (CT) (mm2) Annular diameter (CT) (mm) Annular diameter (TEE) (mm)

S3 20 273–345 18.6–21 16–19

S3 23 338–430 20.7–23.4 18–22

S3 26 430–546 23.4–26.4 21–25

S3 29 540–683 26.2–29.5 24–28

CT, computed tomography; TEE, transesophageal echocardiography.

Table 3 Annular and aortic root measurements

Valve Annular diameter (mm) Annular perimeter (mm) Sinuses of valsalva diameter (mm) Sinus of valsalva height (mm)

Evolut R 23 18–20 56.5–62.8 ≥25 ≥15

Evolut R 26 20–23 62.8–72.3 ≥27 ≥15

Evolut R 29 23–26 72.3–81.7 ≥29 ≥15

CoreValve 31 26–29 81.7–91.1 ≥29 ≥15

A B

C D
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Figure 5 Annular and outflow tract calcium.

Figure 6 Aortic root angle. Figure 7 Deployment angle.

A B

C D

The transfemoral route is the preferred route for TAVR 
access, with reductions in patient discomfort, pulmonary 
complications, and length of stay compared to other 
approaches. However, in the setting of inadequate peripheral 
vasculature, vascular complications can be catastrophic, and 

alternative approaches including subclavian, transaortic, 
transapical, and transcarotid access are utilized (27-31). 
Peripheral CTA is used to determine the adequacy of the 
peripheral vasculature, with assessment of femoral and iliac 
artery dimensions, tortuosity, and degree of calcification 
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Figure 8 Evaluation of iliofemoral anatomy.

A B

(Figures 8). Other abnormalities, such as significant atheroma 
or dissection are also noted. The newest iterations of 
currently available devices are delivered with 14- or 16-F 
sheaths and require 5 or 5.5 mm access vessels at a minimum. 
Circumferential or horseshoe calcification or tortuosity with 
greater than 90 degrees angulation are contraindications for 
peripheral access as well.  

In cases in which CTA is contraindicated, as in patients 
with renal insufficiency, TEE may be used for annular 
sizing. Three-dimensional TEE can measure several of the 
parameters assessed with cardiac CTA, although due to the 
scalloped nature of the aortic annulus, evidence suggests 
that TEE may undersize it relative to CTA, and thus CTA 
is the preferred modality (14,17-19). CTA is mandatory 
to evaluate the peripheral vasculature, and in the setting 
of renal insufficiency, low dose contrast administration 
via a catheter placed in the abdominal aorta may allow 
for adequate assessment of the peripheral vessels and 
combined with TEE for annular measurements. Finally, 
extra-cardiac findings may be noted on CTA that represent 
contraindications for TAVR. Such findings are present on 
almost a quarter of scans done for TAVR evaluation, with 
lesions suspicious for malignancy being the most common, 
although a clear association with decreased long term 
survival has not been demonstr (16,32).

Intraoperative evaluation

In most centers, TAVR is performed under general 
anesthesia with fluoroscopy and TEE. TEE is used to 

confirm the degree of aortic stenosis, valve morphology, 
ventricular function, and assess for valvular or other 
abnormalities.

In standard transfemoral approaches, under fluoroscopic 
guidance, a pacing wire is placed in the right ventricle 
and a pigtail catheter is placed in the noncoronary sinus. 
An aortogram is performed and the deployment angle 
which yields the three-cusp view determined. As described 
earlier, this can be predicted from cardiac CTA. The aortic 
valve is then crossed with a stiff wire under fluoroscopic 
guidance and entanglement with the mitral subvalvular 
apparatus ruled out by TEE. Balloon valvuloplasty is 
performed if necessary. The valve is then placed across 
the annulus and appropriate positioning confirmed by 
fluoroscopy and TEE. The valve is deployed (Figure 9)  
and paravalvular AI assessed. This is best done by TEE, 
although more severe degrees of AI can be noted on 
fluoroscopy. On echocardiography, an AI jet occupying 
>20% of the circumference of the prosthesis on short-axis 
view is considered severe (Figure 10). Additional balloon 
valvuloplasty is performed if needed under fluoroscopic 
guidance. TEE is used to assess postoperative valve 
function, including leaflet motion, valve gradients, and 
ventricular function. All catheters and wires are then 
removed. Fluoroscopy can again determine the patency of 
the coronary and access vessels if there is any question.

The Edwards Sapien III valve is ideally deployed with 
approximately 20–30% of the stent frame on the ventricular 
side, and 70–80% on the aortic side (Figure 11). This 
prosthesis is thus placed in an intra-annular position. The 
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Figure 9 Angiographic images of balloon valvuloplasty followed by Edwards Sapien valve deployment.

Figure 10 Intraoperative transesophageal short-axis evaluation of 
paravalvular AI. AI, aortic insufficiency.

Figure 11 Ideal deployment of the Sapien valve by aortography.Medtronic CoreValve, when collapsed in its sheath, displays 
a series of lines on fluoroscopy that correspond to the 
intersections of the nitinol lattice (Figure 12). These markers 
are used to deploy the valve ideally with only 4–6 mm of 
the stent frame on the ventricular side (Figure 13A). The 
valve leaflets are thus on a supra-annular place (Figure 13B), 
which is beneficial with regards to a larger effective orifice 
area, especially in the setting of valve-in-valve procedures 
(Figure 14).

New wall motion abnormalities may suggest coronary 
occlusion, requiring coronary angiography and stenting 
or surgery. In the setting of low coronary ostia, coronary 
access may be obtained prior to valve deployment to assist 
in a coronary intervention if needed after valve deployment. 

Significant AI may suggest a malpositioned valve, which 
may require deployment of a second valve. A new 
pericardial effusion may indicate right or left ventricular 
perforation by the pacing wire or stiff wire, or may indicate 
annular rupture. Milder cases may be treated by reversal 
of anticoagulation and observation or pericardiocentesis, 
although annular rupture will frequently require surgical 
intervention. New or worsened mitral regurgitation 
may indicate mechanical injury to the mitral subvalvular 
apparatus or low prosthesis implantation depth with 
impingement on the anterior mitral leaflet.
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Figure 14 Valve-in-valve deployment of the Medtronic CoreValve.

Figure 13 Optimal deployment of the CoreValve device.

Figure 12 Markings delineating optimal landing zone on the CoreValve device.

In centers with extensive experience, TAVR with local 
anesthesia and sedation is more commonly performed. 
Benefits include avoidance of hemodynamic fluctuations 
associated with induction of anesthesia, more rapid recovery 
and shorter length of stay, especially in older patients with 
extensive pulmonary disease. The downside is that TEE 
must usually be replaced by TTE. While fluoroscopy is 
adequate for guidance for the majority of the procedure, AI 
is better evaluated with TEE, especially milder degrees of 
AI which still correlate with longer term mortality. TTE 
is frequently adequate for AI estimation, although in the 
abovementioned patient populations, such as the obese, 
those with severe emphysematous lung disease, and those 
with prior thoracic surgery, imaging may be suboptimal. 
In addition, while TTE may not interfere with the sterile 
field in cases performed with transfemoral access, it may be 
difficult or impossible in alternative access approaches such 
as transaortic or transapical unless performed with a sterile 
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probe cover. Finally, in the unfortunate setting of a major 
complication, intubation with general anesthesia will usually 
need to be performed emergently (33).

Postoperative evaluation

A predischarge and 1-month TTE is generally performed to 
assess for valve function, including the presence of AI, and 
assessment of gradients and leaflet motion. Paravalvular AI is 
not uncommon after TAVR, occurring in 50–85% of patients. 
AI, even in mild degrees has been associated with increased 
short and long term mortality. AI of moderate or greater 
degrees may require reintervention. There is evidence that 
regurgitant fraction as assessed by cardiac magnetic resonance 
imaging has a greater association with post-TAVR clinical 
events than echocardiography (34). Increased leaflet thickness 
associated with decreased mobility suggests thrombosis. An 
increase in mean gradient of >10 mmHg may be also noted 
and may be asymptomatic, or present with symptoms of 
heart failure. Cardiac CTA is helpful in this scenario to better 
image the valve leaflets. Anticoagulation is the treatment of 
choice, with frequent resolution of symptoms and return of 
gradients to normal (35,36). Follow-up TTE is then obtained 
at 6 months, 1 year, and yearly thereafter.
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