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PROSTHETIC VALVES 

Valvular heart disease can be treated in a variety of ways: 

1. Valve replacement, in which an artificial (prosthetic) heart valve is implanted surgically to replace an abnormal 

(regurgitant or stenotic) valve. Prosthetic valves are either mechanical (caged ball, tilting disc, or bileaflet) or 

biological (stented, stentless or sutureless).  

2. Valve repair, in which a regurgitant valve is corrected surgically, preserving the original valve rather than 

replacing it 

3. Percutaneous techniques, which include percutaneous balloon valvuloplasty (in which a stenotic valve is 

“stretched” with a balloon) and, more recently, transcatheter aortic valve implantation (in which an abnormal aortic 

valve is replaced with a new valve deployed percutaneously rather than with cardiothoracic surgery) and 

percutaneous mitral valve repair. 

MECHANICAL VALVES 

A mechanical valve consists of three parts:  

1. Sewing ring (which is like the ‘annulus’ of the valve, used by the 

surgeon to sew the valve into position) 

2. Occluder (the moving part of the valve which opens and closes 

during the cardiac cycle)  

3. Retaining mechanism (which is attached to the sewing ring and holds 

the occluder in position).  

There are three types of mechanical valve: 

1. Ball and cage valves, consisting of a silastic ball occluder which can move up and down within the cage-like 

retaining mechanism – this was the earliest type of mechanical valve, introduced during the 1960s 

2. Tilting disc valves, in which a single disc occluder tilts within its occluder 

3. Bileaflet valves, in which two semi-circular disc occluders open and close on hinges – these are now the most 

commonly used prosthetic valves. 

Mechanical valves can be challenging to assess on echo because of the reverberation caused by the materials in the 

valve. Mitral prostheses are usually best assessed from the apical window, aortic prostheses from the apical and 

parasternal windows. TOE can help, particularly for prosthetic valves in the mitral position. TOE is less useful for 

imaging mechanical aortic valves, particularly when a mechanical mitral valve is also present. Sometimes very small 

bubbles are seen near a mechanical valve just as its occluder closes. These microbubbles are caused by cavitation of 

blood by the occluder, and are regarded as a harmless finding. 

BIOLOGICAL VALVES (BIOPROSTHETIC VALVES OR TISSUE VALVES) 

As with a mechanical valve, biological valves contain a sewing ring which the surgeon uses to sew the valve into 

position. From the sewing ring projects a framework consisting of a number of struts, commonly called stents, to 

which the valve leaflets are attached. These stents take up space and thus can cause a degree of obstruction to blood 

flow through the valve. Valves which lack this supporting framework, called “stentless valves” are available and offer 

a greater orifice area (for the same overall size of valve), reducing the gradient across the prosthetic valve. Stentless 

bioprosthetic valves can look very similar to native valves on echo. For stented valves the stents can be very obvious 

and can cause shadowing of the ultrasound beam. Unlike mechanical valves, biological valves do not require long-

term anticoagulation. However, they do not have the durability of mechanical valves and there is a significant failure 

rate from 8–10 years onwards after implantation. Failure can occur as a result of gradual calcification of the valve, 

causing stenosis, or from regurgitation. There are three types of biological valve: 

 Xenograft valves- is fashioned from a porcine valve or from bovine pericardium. More commonly used. Types: 

stented, sutureless and stentless 

 Homograft valves- are human valves obtained from cadavers 

 Autograft valves- a patient’s own pulmonary valve is used to replace their aortic valve (and the pulmonary valve 

is itself replaced with a xenograft or homograft valve) – this is known as the Ross procedure.  
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CONTRAINDICATIONS FOR PERCUTANEOUS BALLOON VALVULOPLASTY  

 Significant mitral regurgitation  

 Bilateral commissural calcification  

 Thrombus on the interatrial septum, protruding into the atrial cavity or obstructing the mitral orifice. 

POST-OPERATIVE FOLLOW UP SCANS: a baseline echo is usually undertaken 3–12 weeks after the operation. 

This allows time for any post-operative anaemia to resolve (which would otherwise cause a hyperdynamic high-output 

state, affecting quantitative measurements) and for left ventricular function to improve, as well as making the scan 

more comfortable for the patient once their chest wound has healed. Following the baseline echo, for mechanical 

valves further “routine” follow-up scans are not usually necessary unless there is clinical cause for concern. For 

biological valves, routine scanning is not usually needed in the first 5 years after the initial baseline echo, but beyond 

5 years routine annual follow-up scans are recommended to monitor for any dysfunction. 

ECHO IMAGING OF PROSTHETIC VALVES  

Aortic Valve Mitral Valve 

Parameter 

 
Normal 
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stenosis 

 

Suggests 

significant 

stenosis 

Parameter 

 
Normal 

 

Possible 

stenosis 

 

Suggests 

significant 

stenosis 

Peak velocity (m/s)  < 3 3–4 > 4  < 1.9  1.9–2.5  ≥ 2.5 

Mean gradient 

(mmHg)  

< 20  20–35  > 35  ≤ 5  6–10  > 10 

Doppler Velocity 

Index 

(TVIAV/TVILVOT)  

≥ 0.30  0.29–0.25  < 0.25  < 2.2  2.2–2.5  > 2.5 

EOA (cm2)  > 1.2  1.2–0.8  < 0.8  ≥ 2  1–2  < 1 

Contour of jet 

velocity 

in PW 

Triangular, 

early 

peaking 

Triangular 

to 

intermediate 

Rounded, 

symmetrical 

PHT (ms)  < 130  130–

200  

> 200 

AT (ms)  < 80  80–100  > 100     

 

1. Clinical information  

 Date of valve replacement 

 Type and size of the prosthetic valve 

 Height, weight, and body surface area 

 Symptoms and related clinical findings 

 BP and heart rate 

2. Imaging of the prosthetic valve- from multiple views, with attention to: 

 Specific morphologic characteristics (different acoustic properties, increased reflectivity, acoustic shadowing). 

Mild thickening is often the first sign of primary failure of a biologic valve 

 Opening and closing motion of the moving parts (leaflets for bioprosthesis and occluders for mechanical ones). 

Occluder motion of a mechanical valve may not be well visualized by TTE because of artefact and reverberations 

or in case of low-profile bileaflet valves 

 Presence of leaflet calcification or abnormal echo density attached to the sewing ring, occluder, leaflets, stents, or 

cage 

 Appearance of the sewing ring, including careful inspection for regions of separation from native annulus and for 

abnormal rocking motion during the cardiac cycle 

 Different orientation of the valve according to its position 
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Example of echo imaging of mitral prosthetic valve 

3. Assess forward flow- Doppler recordings for prosthetic valves should be performed at a sweep speed of 100 mm/s 

 Gradient (peak and mean)– Beware that measured pressure gradients across prosthetic valves (mechanical and 

biological) can appear misleadingly high, particularly for aortic valves, due to pressure recovery (pressure 

increases downstream of a stenosis because of the conversion ‘recovery’ of kinetic energy into potential energy).  

Doppler velocity recordings across normally functioning aortic prosthesis usually resemble those of mild native 

AS: (1) maximal velocity usually > 2 m/s, (2) triangular shape of the velocity contour, (3) early peaking during 

systole (short acceleration time < 80 ms). With increasing stenosis, a higher velocity and gradient are observed, 

with longer duration of ejection and more delayed peaking of the velocity during systole (longer acceleration time). 

Roughly, the expected peak velocity across aortic prosthesis is 2-3 m/sec. and across mitral prosthesis is 1-2 m/sec. 

It is inversely related to the prosthesis’s size. The prosthesis's size usually ranges from 20-30 mm.  

 Pressure half-time (for mitral prostheses): Although the rate of decline of the peak velocity (i.e. pressure half 

time) is not affected by prosthetic valves, the Hatle equation (220/pressure half-time) generally overestimates the 

valve area in the presence of a mitral prosthesis. This formula is valid only for moderate or severe stenosis with 

orifice areas < 1.5 cm2. For larger valve areas, the pressure half-time reflects atrial and LV compliance 

characteristics and loading conditions and has no relation to valve area. However, serial pressure half-time 

measurements can still be useful.  

 VTI ratio or velocity ratio (dimensionless index or Doppler velocity index)- is a simple and useful alternative 

for evaluating aortic stenosis. It is calculated as the ratio between the LVOT maximum velocity (or VTI) and the 

maximum velocity (or VTI) through the prosthesis. In the absence of any gradient, the two velocities will be the 

same, yielding a ratio of one. Because all prostheses are somewhat stenotic, the expected range for normally 

functioning aortic prostheses is 0.35 to 0.5 (severe < 0.25). Although a useful additional measure, by removing the 

potential inaccuracies of LVOT measurement, it ignores inaccuracies due to abnormal LVOT anatomy e.g. isolated 

basal hypertrophy. Hence, its particular use is in the setting of serial measurements within the same individual or 

when assessing prosthetic valves, especially where the size of the valve is unknown. 

 Effective orifice area- can be measured (for any prosthesis) with the standard continuity equation (EOA = SV / 

VTIprosthetic valve) and is often more useful than valve gradient alone. Serial measurements are particularly helpful for 

identifying ‘true’ prosthetic valve stenosis. For calculation of AV prosthesis EOA, LVOT diameter is measured 

just beneath the AV prosthesis (the size of the prosthetic valves should not substitute a properly measured LVOT 

diameter), and VTILVOT is measured by placing the sample volume of PW Doppler 1cm proximal to the AV 

prosthesis. Usually the reported size of the prosthesis refers to the outer diameter of the valve ring in millimetres. 

Functionally, only the inner diameters must be considered. Furthermore, comparison of the different valve type is 

difficult because of major variations in sizing convention. Therefore calculated EOA should be compared with 

normal reference values of EOA for the model and size of the used prosthetic valve.  
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Normal reference values of effective orifice areas for prosthetic valves 

 

4. Presence, location, and severity of regurgitation 

 Physiologic regurgitation- A small amount of regurgitation is normal for mechanical valve prostheses. Up to half 

of normal biological valve prostheses have a mild degree of transvalvular regurgitation. Physiologic regurgitation 

can be divided into two types:  

a. Closure backflow occurs due to the flow reversal required to close the occluding mechanism. This results in a 

small amount of regurgitation that ends once the occluder mechanism is seated in the sewing ring.  

b. Leakage backflow occurs after the prosthesis has closed and is the result of a small amount of retrograde flow 

between and around the occluding mechanism. It may be holosystolic (or holodiastolic). It is often part of the 

design of the prosthesis to provide a washing mechanism and prevent thrombus formation on its upstream side. 

For example, leakage through a bileaflet valve often results in two symmetric narrow jets directed obliquely 

from the edges of the valve.  

 Abnormal transvalvular regurgitation- abnormal regurgitation through the orifice of the prosthetic valve may 

occur if the occluder fails to close properly, either because closure is obstructed (e.g. by thrombus, vegetations or 

pannus) or because of mechanical failure of the occluder itself. Regurgitation through a prosthetic valve orifice is 

called transvalvular regurgitation.  

 Paravalvular regurgitation- Regurgitation may also occur around the valve, due to dehiscence of part of the 

sewing ring. Use colour Doppler to examine the location and extent of any abnormal regurgitation, and describe it 

as fully as possible (particularly in PSAX for AV prosthesis). A significant paravalvular mitral prosthesis leak can 

be difficult to see with TTE (form both the parasternal and the apical views) as the prosthetic valve will always 

obscure a portion of the left atrium (due to shadowing and reverberations from the metallic components of the 

prostheses). Modified projections may be required or a TOE. 

5. TOE can play a valuable role in the assessment of mechanical valves, particular in the mitral position where the 

acoustic shadowing affects the LV and therefore regurgitation into the LA can be appreciated. TOE is less useful for 

imaging mechanical aortic valves, where it places the posterior aspect of the sewing ring in the near field of the 

remainder of the prosthesis, which may be obscured from view.  

6. Other echocardiographic data:  

 LV and RV size, function, and hypertrophy 

 LA and RA size 

 Concomitant valvular disease 

 Estimation of pulmonary artery pressure 



Adel Hasanin Ahmed     5 

 
7. Prosthetic valve obstruction: 

 Thrombotic interference is the most common cause of obstruction of mechanical prostheses. Echocardiography 

may also play a role in selecting patients for thrombolytic therapy, which is sometimes used to treat prosthetic 

valve thrombosis, and in assessing its success 

 A common cause of obstruction results from a mismatch between the valve and the patient. All prosthetic valves 

exhibit a degree of ‘patient–prosthesis mismatch’, in that the prosthetic valve tends to have a smaller effective 

orifice area than the native valve it replaces, and so some degree of obstruction to blood flow is to be expected. 

Significant patient prosthesis mismatch is indicated if indexed EOA < 0.9 for mitral prosthesis and < 0.65 for 

aortic prosthesis 

 Obstruction can occur as a result of technical difficulties encountered while implanting the prosthesis. 

 A pannus may obstruct the motion of the valve occluder. Pannus is an excessive fibrous or ‘scar’ tissue around the 

valve that may obstruct the motion of the valve occluder causing obstruction to forward flow. It  is an immobile 

mass, whereas thrombus or vegetations are usually (but not always) mobile. Infected pannus from endocarditis has 

a similar echodensity to thrombus. Prosthetic valve masses usually require a TOE study for full characterization 

 Bioprosthetic valves may become obstructed through the process of fibro-calcific degeneration, a primary 

degenerative process that occurs slowly and leads to prosthesis obstruction, almost always with a component of 

regurgitation 

 

 


