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INTRODUCTION

More than 100,000 valve surgeries are performed each year 
in the United States, with a resulting 0.5% to 6% incidence of 
prosthetic valve complications.1 Prosthetic valve dysfunction 
(PVD) can be life threatening and often challenging to diagnose. 
Clinical symptoms of dyspnea or new heart failure should raise 
the suspicion of PVD. A thorough clinical history with physical 
exam is essential in differentiating PVD from other causes 
such as left ventricular dysfunction or pulmonary hypertension. 
Diagnostic imaging tools are often needed to assess prosthetic 
function and evaluate for structural failure, obstruction or 
regurgitation, endocarditis, or thromboembolic complications. 
Transthoracic echocardiography (TTE) is the initial test of 
choice for evaluation of PVD due to its wide availability and 
lower cost. However, the differentiating etiology of PVD can be 
limited on TTE; therefore, further imaging with transesophageal 
echocardiography (TEE) or multidetector cardiac computed 
tomography (MDCT) may be needed. In this contemporary era 
of multimodality imaging, MDCT joins the armamentarium of 
tools that clinicians can use to effectively diagnose and treat 
patients with PVD.

ETIOLOGY OF PROSTHETIC VALVE DYSFUNCTION AND ROLE OF 
CARDIAC COMPUTED TOMOGRAPHY

Identifying the etiology of PVD requires a thorough clinical 
evaluation and knowledge of the prosthesis type, date of 
implant, and valve hemodynamics at the time of implant. There 
are several causes for PVD in mechanical or bioprosthetic 
valves, including pannus, thrombosis, valve degeneration (leaflet 
thickening or calcification), and infective endocarditis.2,3 Similar 

to surgical valves, bioprosthetic transcatheter valves are also 
susceptible to PVD from similar etiologies, with reported low 
rates of severe structural degeneration.4

Current PV guidelines recommend an integrated systematic 
approach to evaluating patients with suspected PVD, including 
the assessment of clinical symptoms and echocardiographic 
assessment of PV structure and function.5,6 Differential 
diagnosis for suspected PVD with elevated transvalvular 
gradients is broad and can be challenging on TTE or TEE. 
Due to acoustic shadowing, it may be difficult to assess the 
periprosthetic area and differentiate pannus versus thrombus 
by TTE or TEE.5,7 In cases of persistent clinical symptoms 
where further information is needed or TTE/TEE images are 
suboptimal, MDCT can be helpful for determining the underlying 
cause of PVD (Table 1). In complex cases with prior valve-in-
valve (VIV) or multiple prostheses, multimodality imaging is often 
required to diagnose the etiology of PVD. Once the etiology is 
identified, follow-up imaging will depend on clinical symptoms, 
severity of dysfunction, and plans for future percutaneous 
intervention or surgery. A repeat TTE combined with TEE or 
MDCT can be considered to evaluate for thrombus resolution or 
vegetation and reassess regurgitation severity.

Technological advances in MDCT with wide-detector and 
dual-source scanners provide broader coverage with faster 
scan acquisition times that yield high spatial and temporal 
resolution, allowing visualization of the most commonly used 
prosthetic valves (Figure 1). In most cases, retrospective ECG 
gating that captures an entire cardiac cycle is preferred to 
evaluate prosthesis structure and function. Both radiation dose 
modulation techniques that adjust the tube current and noise 
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TYPE OF PROSTHETIC VALVE DYSFUNCTION 3D TEE MDCT CMR

Obstruction (pannus vs thrombus)    

 Mitral valve +++ +++ ++#

 Aortic valve ++* +++ ++#

 Tricuspid/pulmonic valve ++ ++ ++#

Regurgitation (valvular vs PVL)    

 Mitral valve +++ ++± +++

 Aortic valve ++* ++± +++

 Tricuspid/pulmonic valve ++ ++± +++

Endocarditis (vegetation, abscess, fistula, pseudoaneurysm)    

 Mitral valve +++ ++** ++**

 Aortic valve ++* ++** ++**

 Tricuspid/pulmonic valve ++* ++** ++**

+ fair, ++ good, +++ excellent    

* limited by shadowing, ± unable to quantify flow, ** unable to visualize small mobile vegetations 
# for bioprosthetic valve only

Table 1. 
Multimodality imaging in prosthetic valve dysfunction by prosthetic valve position. TEE: transesophageal echocardiography; MDCT: multidetector computed 
tomography; CMR: cardiovascular magnetic resonance imaging; PVL: paravalvular leak

Figure 1.
Examples of computer 
tomography images of 
prosthetic valves, including 
(A) biologic stented, (B) 
mechanical bileaflet tilting disc, 
(C) mechanical ball-in-cage, (D) 
mechanical single tilting disc, (E) 
transcatheter self-expandable, 
and (F) transcatheter balloon-
expandable.
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reduction techniques, such as iterative reconstruction, can 
be used to optimize scans and reduce artifacts. The beam-
hardening artifact caused by the metallic component of the 
valves does not usually impede valve assessment. Otherwise, 
the use of high Kv imaging could ameliorate the artifact. 
However, adequate heart-rate control (ideally ≤ 60 beats per 
minute) is essential since the artifact is often exacerbated by the 
cardiac motion artifact. Below we discuss the various etiologies 
of PVD and the imaging modalities most effective for diagnosis.

Prosthetic Valve Obstruction

Prosthetic valve obstruction is commonly caused by valve 
thrombosis or chronic fibrotic pannus formation usually in 
the subprosthetic area. Differentiation of pannus versus 
thrombus is outlined in Table 2.5,8 Rates of PV thrombosis and 
thromboembolism are higher for mechanical valves, especially 
in the early perioperative period, and higher for PVs in the 
mitral and right-sided positions.9-12 Suspected bioprosthetic 
PV thrombosis is defined as a 50% increase in prosthesis 
gradient within 5 years after implantation, increased cusp 
thickness, or abnormal cusp motion with a positive response 
to anticoagulation therapy (ie, a 50% decrease in prosthesis 

gradient).13-15 Structural valve failure is defined as the presence 
of marked pannus formation affecting the cusp motion, and it 
can often coexist with thrombus. In a large meta-analysis that 
included 217 patients with PV obstruction, 55.8% of them had 
pannus, 30.9% had thrombus, 9.8% had mixed pannus and 
thrombus, and 3.7% had other causes.16 Similar to surgical 
bioprosthetic PV, the risk for PV thrombosis complications after 
transcatheter aortic valve replacement (TAVR) is highest in the 
first 3 months after implantation.17 Clinical valve thrombosis 
after TAVR usually presents with elevated prosthetic gradients; 
however, subclinical thrombosis has been incidentally found on 
TEE and MDCT and is reported to be as high as 15% to 35%.4

Initial evaluation of suspected PV obstruction should be 
performed with TTE by assessing PV hemodynamics and 
comparing them to prior TTE if available. Three-dimensional TEE 
enables en-face visualization of the PV, especially in the mitral 
position, but has limited visualization of the aortic and right 
sided valves.18,19 MDCT has superior spatial resolution and can 
reconstruct in any valve plane, thereby enabling visualization 
of the prosthesis in any position with much less acoustic 
shadowing. Therefore, MDCT can be considered a second-
line imaging test for identifying etiology of PV obstruction in 

PANNUS THROMBUS

Timeframe* ≥ 12 mos, commonly ≥ 5 yrs Occurs at any timeframe (often mixed with pannus at 
later stages)

Valve location and type MV > AV

Mechanical = bioprosthetic

TV > MV = AV

Mechanical > bioprosthetic

Morphology Fixed, small dense mass composed of fibrin material

Bright echodensity

Usually involve suture lines and subprosthetic 
location

Mobile mass (usually larger than pannus)

Soft echodensity

Any location (usually supravalvular)

Clinical characteristics

 INR

 
 Symptoms

 Response to anticoagulation

No effect

 
Insidious symptoms

No or minimal response

Increased risk with low INR (increased risk with AF 
and low cardiac output)

Rapidly progressive symptoms, higher risk of stroke

≥ 50% decrease in prosthesis gradient

CT HU attenuation HU ≥ 145 HU ≥ 90

Table 2. 
Differentiation of etiology of prosthetic valve obstruction by pannus versus thrombus.*timeframe from surgery; MV: mitral valve; AV: aortic valve; TV: tricuspid 
valve; INR: International Normalized Ratio; AF: atrial fibrillation/flutter; HU: Hounsfield units
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mechanical or bioprosthetic (surgical 
or percutaneous) valves in the aortic, 
tricuspid, or pulmonic positions. 
MDCT can also characterize tissue for 
assessment of PV leaflet thickening, 
calcification, and thrombus.

Beam hardening artifact from mechanical 
valves can limit assessment of the 
periprosthetic area, although studies 
have shown solid differentiation of 
thrombus (90% CT versus 75% TEE) 
versus pannus (89% CT versus 62% 
TEE).16 The presence of a periprosthetic 
hypodense lesion on the inflow side of 
the PV (mechanical or bioprosthetic) 
is suggestive of pannus, whereas 
hypodensity on the outflow side is 
suggestive of thrombus (Figure 2).20 
Several studies have shown higher 
Hounsfield unit (HU) attenuation for 
pannus HU ≥ 145 versus thrombus 
HU < 90, with a diagnostic accuracy 
of 87%.21-23 In TAVR, subclinical leaflet 
thrombosis has been incidentally found 
on MDCT and can be characterized as 
hypoattenuating leaflet thickening at 
the base of the leaflets, thus affecting 
leaflet motion in ECG-gated MDCT.4 
Like fluoroscopy, 4D imaging with MDCT 
allows assessment of opening and closing 
angles of most commonly implanted 
bileaflet mechanical PVs to identify leaflet 
restriction or immobility; however, image 

quality is highly dependent on a good 
heart rate (ideally ≤ 60 beats per minute) 
and rhythm control.

Retrospective ECG gating without dose 
modulation to ensure optimal signal-
to-noise ratio throughout the cardiac 
cycle should be performed for accurate 
4D assessment of the prosthesis. 
Prosthetic valve leaflets with a residual 
opening angle > 20° and the presence 
of a periprosthetic hypodense lesion 
as visualized on MDCT suggests PV 
obstruction (Figure 3).20,24 MDCT also 
helps differentiate PVD from patient 
prosthesis mismatch, in which gradients 

are elevated due to a small valve orifice 
area relative to patient size with normal 
leaflet motion. Limited data is available on 
the use of MDCT in evaluating tricuspid 
or pulmonic prosthetic obstruction.16,20 
Pulmonic valve dysfunction with use of 
the Melody valve has been reported in 
some cases of PV thrombosis.25-27

Prosthetic Valvular Regurgitation

Mechanical or bioprosthetic PV 
regurgitation can occur in the setting 
of thrombus or pannus and cause 
incomplete valve coaptation, leading 
to valvular regurgitation and elevated 
gradients on TTE (Figure 4). Prosthetic 
valve thrombosis can also present with 
mixed obstruction and regurgitation, 
with up to 33% of bioprosthetic PV 
thrombosis presenting as mixed disease. 
Bioprosthetic valve degeneration 
presents with significant regurgitation 
more often than PV thrombosis due to 
reduced leaflet motion and calcification.2 
Prosthetic valve endocarditis with 
complete or partial valve dehiscence 
can lead to paravalvular regurgitation. In 
TAVR, paravalvular regurgitation is usually 
a result of valve undersizing or calcium in 
the landing zone.28

Paravalvular leak (PVL) usually results 
from PV dehiscence due to the suture 

Figure 3.
Multidetector computed tomography demonstrating (A) abnormal opening angle of 90° in systole and 
(B) normal closure in diastole in a patient with severe mechanical prosthetic aortic stenosis due to 
mixed pannus and thrombus (arrow).

Figure 2.
Transcatheter mitral valve prosthesis (A) with thrombus (HU < 90) noted on multidetector computed 
tomography and (B) with resolution of thrombus after anticoagulation on repeat computed 
tomography after 5 months. HU: Hounsfield units
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rings not being directly attached to surrounding cardiac 
structures or dehiscence due to endocarditis.20 Although 
visualization of a bioprosthetic mitral valve PVL using 
3-dimensional (3D) TEE is good, it can be challenging in aortic 
prostheses due to acoustic shadowing. For mechanical or 
bioprostheses (surgical or percutaneous) in the mitral position, 
TTE followed by 3D TEE is often sufficient to identify severity 
and location of regurgitation. Since MDCT can reconstruct 
in any image plane, it can provide PVL localization in any 
prosthesis position, determine the defect size, and evaluate for 
PV dehiscence. Image quality is essential with proper contrast 
enhancement, and often TEE is needed to help initially localize 
the small PVL defect prior to MDCT. In mechanical valves, the 
use of MDCT to identify small PVL location may be challenging 
due to significant beam hardening artifact; therefore, combined 
TEE and MDCT is often needed to identify PVL defect and 
severity.

Unlike TTE or TEE, MDCT cannot provide flow velocity, 
hemodynamic assessment, or regurgitant quantification. Both 
3D TEE and MDCT are useful in assessing PVL location 
and defect size and, in turn, guiding transcatheter PVL 
closure.29 MDCT is routinely used in pre-TAVR assessment of 
valve morphology, calcification, and aortic annulus sizing to 
minimize the risk of PVL.28 It also can provide similar anatomic 
assessment and evaluation of PV regurgitation etiology in 
tricuspid and pulmonic PV, although image acquisition will 
need to be optimized for adequate contrast opacification 
of right-sided structures. Because there is limited data 
on the use of MDCT to assess tricuspid or pulmonic PV 

regurgitation, TTE, TEE, or intracardiac echocardiography 
may be more suitable options for hemodynamic assessment in 
right-sided PV.

Cardiovascular magnetic resonance imaging (CMR) with phase 
contrast velocity mapping has been shown to be useful when 
quantifying eccentric regurgitation jets.30 The precision of 
CMR is superior to transthoracic echocardiography and could 
be used as an adjudicator of PVL severity. The use of CMR is 
helpful for quantification of valvular regurgitation, especially for 
eccentric PVL jets or when quantification by TEE is suboptimal, 
which can occur with transcatheter prosthesis and/or with 
multiple prosthetic devices. CMR quantification of PVL is 
related to outcomes depending on the regurgitant fraction.31,32

Prosthetic Valve Endocarditis

Prosthetic valve endocarditis can lead to PV obstruction, 
regurgitation from valve dehiscence, thickening/perforation 
of valve leaflets, abscess, fistula, pseudoaneurysm, or 
thromboembolic complications. Similar to thrombus, vegetations 
are low echogenic; they usually start on the valvular side of the 
prosthesis along the ring and spread to the leaflets, leading to 
leaflet malcoaptation and PVD. The risk of infective endocarditis 
after surgical or transcatheter valve replacement was found 
to be similar in prior studies.4 Independent of prosthesis 
type or location, TEE is preferred for initial assessment of PV 
endocarditis because it can identify and characterize size and 
vegetation mobility and assess for aortic root abscess and 
intracardiac fistula. Imaging with MDCT or CMR can provide 
additional information and identify anatomic complications 
related to endocarditis. In both mechanical and bioprosthetic 
valves, the presence of periprosthetic hypodensity on MDCT 
in the setting of annular abscess or PV dehiscence suggests 
endocarditis. The presence of a contrast-filled periprosthetic 
cavity that communicates with the cardiac chambers suggests 
pseudoaneurysm or fistula (Figure 5).2

Several studies have shown that MDCT is better at assessing 
mycotic aneurysm and abscess compared to TTE or TEE 
and provides additional relevant surgical information on 
aneurysm extent.33-35 Evaluation of right-sided PV endocarditis 
complications is possible with MDCT, keeping in mind the 
need for adequate contrast opacification and the potential 
challenge in assessing a mechanical prosthesis due to beam 
hardening. Endocarditis after TAVR or other percutaneous valve 
procedures is uncommon but can lead to significant mortality 
and morbidity, and the use of MDCT in this population is 
evolving.28,36,37 Positron emission tomography (PET) combined 
with CT using 18F-Fluorodeoxyglucose (18F-FDG) metabolic 
imaging can be used to evaluate active cardiac inflammation or 
infection.38 In a large meta-analysis, 18F-FDG PET/CT has been 

Figure 4.
Degenerated bioprosthetic tricuspid valve with malcoaptation of calcified 
leaflets in systole resulting in severe tricuspid regurgitation.
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shown to have good diagnostic accuracy for PV endocarditis 
with 80.5% sensitivity and 73.1% specificity.39 PET/CT is an 
emerging useful diagnostic tool in evaluation of patients with PV 
endocarditis.

MANAGEMENT AND PROCEDURAL PLANNING FOR PROSTHETIC 
VALVE DYSFUNCTION

Transcatheter Valve-in-Valve Procedure for Prosthetic Valve 
Dysfunction

Patients who fail conservative medical therapy should be 
considered for percutaneous transcatheter VIV, device PVL 
closure, or redo surgical valve replacement. MDCT is the 
imaging modality of choice when planning VIV transcatheter 
aortic or mitral valve replacement (TMVR) procedures, the 
latter of which is only feasible in bioprosthetic surgical or 
TAVR valves. In any of these procedures, MDCT is useful for 
excluding PVL defects and left atrial appendage clots and 
can help with sizing of the prosthetic device and predicting 
adverse outcomes. For aortic or mitral VIV cases, either 
balloon-expandable (Edwards SAPIEN) or self-expandable 
(Medtronic CoreValve Evolut R) valves can be used depending 
on patient anatomy and valve location. The supra-annular Evolut 
R is preferred for aortic VIV given its superior hemodynamics 
compared to the intra-annular balloon-expandable SAPIEN 
valve. In these procedures, the type of PV dysfunction, valve 
sizing, risk of coronary obstruction, and need for balloon 
predilation are all considered for procedural planning. Though 

not routinely recommended due to upfront costs and the level of 
expertise needed, MDCT has been increasingly used to create 
3D-printed models to simulate patient-specific PV geometry in 
specific high-risk transcatheter VIV cases; this enables accurate 
device sizing and prediction of potential complications between 
the PV and the implanted device.40,41

MDCT allows accurate measurement of the inner prosthesis 
diameter and perimeter/area and, therefore, accurate sizing 
of the VIV prosthesis. MDCT assessment of coronary ostial 
height (Figure 6) (height < 12 mm predicts higher risk of 
coronary obstruction), severe left ventricle outflow tract (LVOT) 
calcification (higher risk of aortic injury), aortic aneurysm, and 
size/burden of atherosclerotic disease further predicts the 
risk of adverse outcomes with an aortic VIV procedure.42 In 
patients with advanced renal disease, ECG-gated noncontrast 
MDCT may be helpful in assessing for aortic annular size and 
calcification. Free smart phone apps are now available for sizing 
for aortic and mitral VIV prostheses.

Mitral VIV or valve-in-ring have emerged as alternatives for high-
risk patients. Using the mitral VIV application, a transcatheter 
heart valve (THV) is chosen based on sizing charts. Selecting 
the appropriate-sized device is important since an undersized 
THV can lead to device embolization while an oversized device 
can lead to THV distortion and LVOT obstruction. A simulation 
of the THV using a virtual THV can further confirm sizing and 
positioning of the device.43,44 With the virtual THV in place, the 

Figure 6.
Multidetector computed tomography demonstrating measurement of 
the left coronary ostial height of 12 mm for planned aortic valve-in-valve 
procedure.

Figure 5.
Prosthetic valve endocarditis complicated by prosthetic valve partial 
dehiscence and fistula between the aorta and left ventricle cavity (arrow).
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neo-LVOT area is determined. This is measured by the shortest 
area between the interventricular septum and the frame of the 
THV. Measurement of this area can be performed at different 
angles and depths of deployment to minimize the risk of LVOT 
obstruction.

The risk of LVOT obstruction varies and is lowest for VIV TMVR 
followed by valve-in-ring and highest for valve-in-mitral annular 
calcification. The risk is lower in cases where the anterior mitral 
leaflet has been previously resected. Several other predictors 
for LVOT obstruction have been identified, such as the 
aortomitral angle, length of anterior mitral leaflet, and ventricular 
geometry.45 A study by Wang et al. showed that a predicted 
neo-LVOT surface area of ≤ 189.4 mm2 had 100% sensitivity 
and 96.8% specificity for predicting TMVR-induced LVOT 
obstruction.46 The optimal phase of measuring the neo-LVOT 
may be patient specific; however, multiphase (specifically early 
systolic) assessment of the neo-LVOT may better determine risk 
of LVOT obstruction in TMVR.47 As previously shown, there is an 
overall 95% success rate for aortic and mitral VIV procedures. 
However, procedural success is patient specific and different 
across different structural interventions.42,45

Paravalvular Leak Closure

MDCT is a key imaging modality for anatomical characterization 
of PVL and can help localize a PVL defect by examining the 
entire circumference of the prosthetic ring on axial oblique 
image plane. This allows measurement of the anatomic 
regurgitant orifice area, which has shown good correlation with 
echocardiographic measurement.48 Currently, the Amplatzer 
Vascular Plug II (St. Jude Medical) is the most frequently used 
device in the United States for PVL closure, with several other 
devices used off label.49 Due to the morphological heterogeneity 
of various defects, operators must decide on the most 
compatible device. With its superior anatomical characterization 
and multiplanar formatting, MDCT helps determine the 
location, size, extent, defect course, and ideal closure device to 
optimize outcomes and minimize complications such as device 
embolization (Figure 7).

CT fusion imaging has been described in TAVR, PVL closure, 
and pulmonary vein stenting and can be an adjunctive tool 
for PVL closure planning.29,50 Preprocedural MDCT, which 
provides high-resolution 3D reconstruction images, is integrated 
with live fluoroscopic images that provide a visual road map 
of anatomical clues to help guide PVL closure (Figure 8). 
Overlaying 3D landmarks from MDCT on real-time fluoroscopy 
allows the operator to steer the catheter and device toward 
the target anatomical structure.51,52 Markers are placed on 
the fluoroscopy screen to aid in trans-septal puncture and 
defect localization.53 This approach also provides optimal 

angiographic angles to facilitate crossing the PVL defect, 
potentially reducing the amount of contrast used as well as total 
radiation exposure.52 Additionally, MDCT can also provide the 
fluoroscopic angle for guidewire crossing of the defect, which 
along with TEE guidance can facilitate PVL closure without the 
use of CT fusion imaging.

Surgical Planning for Prosthetic Valve Dysfunction

In addition to a comprehensive assessment of PVD, MDCT 
can facilitate preoperative surgical planning for redo valve 
surgery. A patient’s individual risk can be determined by 
assessing the patency of coronary arteries and/or bypass 
grafts, prior surgical adhesions, aorta, extracardiac structures, 
and endocarditis complications and identifying high-risk 
features on MDCT. In particular, several high-risk cardiac 
structures must be considered before performing redo cardiac 
surgery, such as the right ventricle, innominate vein, aorta, or 
a prior coronary artery bypass graft crossing midline < 1 cm 
from the sternum.54 Other incidental findings on MDCT, such 
as cancer, pleural effusions, lung mass or consolidation, 
and carotid artery disease may have implications for adverse 
pre- and postoperative outcomes. MDCT not only provides 
superior anatomic detail but also may be safer and more cost 

Figure 7.
Multidetector computed tomography reconstruction for paravalvular leak 
(PVL) with subsequent PVL closure.
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effective, especially in high-risk patients 
or those with endocarditis and aortic 
root abscess.20

CONCLUSION

Diagnosis of PVD requires a high 
index of suspicion, a thorough review 

of clinical and imaging data, and in 
many cases a multimodality imaging 
approach (Figure 9).With its superior 
spatial resolution, MDCT allows 
accurate identification of PV obstruction 
due to thrombosis or pannus and 
localization of PVL defect to help guide 
closure. MDCT also plays an important 

role in preprocedural planning for 
transcatheter VIV and PVL closure 
with options for 3D-printed models 
and CT-fusion technology in high-
risk clinical scenarios. Finally, MDCT 
allows coronary and extracardiac 
assessment to help determine risk for 
patients undergoing redo surgical valve 
replacement.

KEY POINTS

• A multimodality approach is often 
needed to accurately diagnose 
and identify the etiology of 
prosthetic valve dysfunction.

• Multidetector computed 
tomography (MDCT) allows 
accurate differentiation of 
prosthetic valve thrombosis and 
pannus formation and assesses 
complications from prosthetic 
valve endocarditis.

• MDCT plays a key role in 
preprocedural planning and 
assessing risk for patients 
undergoing transcatheter device or 
surgical valve replacement.
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