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Abstract: Considering that the initial implantation of an artificially developed valve in the human circulatory 

system by Hufnage in 1953, the range of prosthetic gadgets used for used by the cardiovascular plastic surgeon has 

actually broadened substantially. Technologic improvement has actually resulted not only in the development of 

brand-new prostheses, however similarly in serial adjustments in style and building of those presently in use. 

Bioprosthetic valves (see the image listed below) utilized in heart valve replacement normally provide functional 

homes (eg, hemodynamics, resistance to apoplexy) that are more similar to those of native valves. Implantation of 

prosthetic heart valves to deal with hemodynamically substantial aortic or mitral valve disease has actually 

become significantly common. This assessment will examine the development and differential advantages of 

replacement heart valves currently readily offered, in addition to use some perspective on those devices no longer 

is used. 
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1.   INTRODUCTION 

Since the very first implantation of a synthetically created valve in the human circulatory system by Hufnage
(1) 

in 1953, 

the variety of prosthetic gadgets offered for used by the cardiovascular cosmetic surgeon has actually broadened 

considerably. Technologic enhancement has resulted not only in the advancement of new prostheses, however likewise in 

serial modifications in style and building of those currently in use. This evaluation will analyze the development and 

differential benefits of replacement heart valves presently readily available, in addition to offer some point of view on 

those devices no longer typically utilized. 

2.   HISTORY AND CLASSIFICATION 

There are basically 4 practical categories of prosthetic heart valves: (1) caged ball, (2) caged disc, (3) tilting disc, and (4) 

tissue valve (Table 1).The initial Hufnagel prosthes is was of the caged ball variety and was implanted in the descending 

aorta in patients with serious aortic deficiency
.(2)

 Not only was the valve unable to prevent regurgitant circulation from the 

aortic arch vessels, it was more compromised by a considerable occurrence of thromboembolic events. Loud prosthetic 

opening and closing sounds produced by a polypropylene ball in a methacrylate housing were adequately troubling to 

make the valve socially unacceptable.
(3)

 

Harken
(4,5)

carried out the first subcoronary implantation of a caged ball valve in a group of patients with aortic 

regurgitation in 1960, however had the ability to accomplish survival for not than 3 months in 9 of 11 patients in his 

series. The very first insertion of a caged ball valve in the mitral position was performed by Starr, likewise in 1960.
(6) 

The 

caged disc valve was introduced in between 1964 and 1965 by a number of detectives, amongst them Hufnagel,
(7) 

J.H. 

Kay
,(8)

 E.B. Kay,
(9) 

and Cross,
(11)

each with little changes in design, but all trying to provide the benefits of a lower profile, 

enhanced hemodynamics, and lighter weight than the caged ball valve. Beall even more modified the style in 1967 to 

diminish the valve's thrombotic capacity. The tilting disc prosthesis was presented in 1967 by Wada
,(12)

 Bjork,
(13)

 and 

Lillehei,
(14) 

supplying a higher approximation of laminar flow than did the cagedvalves. 
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The tissue valve made its first appearance in 1962 through a fresh aortic valve homograft usedsuccessfully for aortic valve 

replacement by Ross,
(15)

 Duran,
(16) 

and Barratt-Boyes
(17)

 after previous trials in the coming down aorta by MurrayI
(18)

 and 

Wilson.
(19)

 Preliminary favorable results were tempered by reports of early degeneration
,(20-23)

 rendering the bio prosthesis 

a less attractive option at the time. The clinical introduction of the aortic heterograft in 1967,'
(24-25)

 the subsequent 

development of a glutaraldehyde tanning method that substantially increased the valve's sturdiness promoted restored 

interest in thesevalves.
(26)

Glutaraldehyde preservation strategies were subsequently applied to valves built of fascia lata
(27)

 

and bovine pericardium
(28)

 with satisfying results.First introduced by Gott in 1968, the bileaflet tilting disc valve was 

designed to supply totally central circulation. The most current bileaflet prosthesis was developed by St. Jude Medical, 

Inc., and has been studied in clinical trials given that 1977, although the valve remains restricted to investigational usage 

in the United States.
(29).

 

3.   CHARACTERISTICS OF A GOOD PROSTHETIC VALVE 

In 1962, Harken (5) Spublishedwhat he called the "ten rules of satisfactory aortic valves." More just recently, Robert
(30) 

has actually rearranged Harken's requirements into 6 characteristics that typify a great replacement valve in any position: 

(1) good hemodynamics, (2) minimal thrombogenesis, (3) durability, (4) very little hemolysis, (5) ease of implantation, 

and (6) patient acceptability. To these may likewise be included the following: (7) a low occurrence and lessened 

seriousness of late prosthetic endocarditis, and (8) anatomic suitability of the valve to its implanted place (Table 2). 

Roberts has actually suggested that there is currently little distinction in between any of the 4 kinds of prostheses in 

regards to the ease of surgical implantation. In addition, none of the valves now in use are adequately noisy regarding be 

unduly disturbing to the patient. The staying 6 characteristics work as a structure through which the different kinds of 

replacement valves might be examined. 

4.   THE CAGED BALL VALVE 

EVOLUTION: 

The Starr-Edwards valve prosthesis is most likely the most well-known and thoroughly studied caged ball valve. The 

original designs 6000 (mitral) and 1000 (aortic) were constructed of a heat cured silicone rubber ball housed in a cage 

made from Stellite 21 (an alloy of cobalt, chromium, molybdenum, and nickel) and anchored by a sewing ring of Teflon 

(polytetrathtorethylene) cloth
(6)

 . While the valve provided adequate hemodynamics in both the aortic and mitral 

positions, hemolysis was a significant issue in the former. Anticoagulation was compulsory. 

The model 1260 prosthesis was established in 1965, and stays in use today in numerous centers . In this valve, a Teflon 

fabric covering was extended over the entire seat as a means of promoting endothelialization about the orifice. This 

modification led to a significant decrease in the rate of thromboembolism from 34% in a 10-years follow-up of the design 

1000 to 19% in a 7-years follow-up of the model 1260.
(31) 

Ball variance in the models 1000 and 6000 led to both 

obstructive phenomena and fatal poppet embolization. This issue was countered in designs 1260 and 6120  by a very little 

decrease in temperature of the curing procedure along with the addition of an extra 10% silicone dioxide or fluoro silicone 

filler.
(51,52) 

Additional alterations included an increase in the orifice to ball diameter ratio (88%), modification of the 

orifice configuration to lower opening pressure, and a decline in the total weight of the prosthesis by reduction in its 

metallic composition.
(51 53).

 

Series 2300 aortic and 6300 mitral prostheses removed ball variance by replacing the silicone rubber poppet with a 

hollow Stellite 21 sphere
(54) 

. Based on earlier observations by Braun-wald
(55) 

and others that neointimal expansion along a 

fabric covered valve strut significantly minimized the danger of thrombus development,. 

These valves utilized totally cloth covered struts. They were consequently customized to include a "composite seat" that 

included a ring of little metal studs predicting through the Teflon fabric of the valve orifice that both increased the orifice 

to ball size ratio and reduced wear on the orifice fabric. In clinical trials, thromboembolic phenomena were initially noted 

to be considerably reduced in both the aortic and mitral positions; however, constant anticoagulation remained 

mandatory
.(56-58).

 

Reports of fabric wear and pronounced hemolysis with the cloth covered valve, especially in the aortic position,
(47,59) 

motivated development of the series 2400 and 6400 composite strut "track valve" in 1972 . The valve was practically 

identical in construction to the composite seat cloth-covered series, but integrated strips of Stellite 21 on the inner surface 

of each strut, offering a metal track that safeguarded the Teflon covering from trauma resulting from ball impact. Early 
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studies on this design revealed substantial thrombogenesis in the absence of anticoagulation.
(60) 

Later reports suggested 

that there was no higher thromboembolic potential related to this valve than with other valve prostheses if the patients 

were properly anticoagulated.
(61,62) 

Hemolysis has actually stayed significant, nevertheless, leading to the desertion of 

fabric covered struts entirely in favor of the earlier non-cloth covered model 1260 aortic and design 6 120 mitral valves. 

The Smeloff-Cutter valve was created mainly for the purpose of reducing outflow tract obstruction in the mitral 

position
(63) 

.Its open cage design was engineered to decrease the frequency of thromboembolic occasions, while a smaller 

sized ball size was employed to minimize the gradient across the prosthesis
.(64)

 Initially constructed in the early sixties of a 

silicone rubber ball housed in a titanium double cage with Teflon sewing ring, it was reissued in 1966 following 

adjustment of the silicone treating strategy (just like changes made in the 1260 and 6120 Starr models) as a result of 

numerous reports of ball variance
(52,65).

 Subsequent follow-up has actually revealed virtual elimination of ball difference 

as a complicating factor
.(66)

. 

The Braunwald-Cutter valve used functions much like those of the Starr-Edwards 2300 and 6300 series with some 

important differences 
(Fig. 6).

 Previous evaluation of fabric covered caged ball valves in animals had actually revealed a 

preference for accumulation of thick fibrous tissue at particular websites, particularly the crossway of the struts. The 

prosthesis was subsequently produced with an open ended cage as well as Dacron fabric covered struts and a "mild 

treatment" silicone ball to prevent fabric wear
.(67)

 Preliminary studies in calves and canines demonstrated the presence of 

almost complete neointimal pro- liferation along the struts 1mo following implantation. However, assessment of human 

pathologic specimens 1 year after valve replacement exposed the regular occurrence of insufficient endothelialization and 

ensuing fabric wear, especially rupture of the joint line at the pointers of the struts.
(65-69) 

This change was probably 

responsible for persistent ball difference and embolization of the ball through the open cage in the aortic position. These 

issues eventually resulted in the withdrawal of the prosthesis from the marketplace.
(70-71)

 

The Magovern-Cromie aortic prosthesis was first employed in human beings in March of 1962 with 4 subsequent 

alterations
(72-76)

 . The fundamental style shows functions of both the Starr- Edwards 1260 and the Smeloff-Cutter valves 

employing a silicone rubber ball housed in an open ended non-cloth covered titanium cage. The innovative function of 

this valve was the presence of multiple pins about the external size of the seat that enabled rapid, sutureless insertion. 

These were initially organized horizontally in the model valve and were consequently mounted in 2 vertical rows in its 4 

successors. In the most recent past, the prosthesis has actually been booked for usage in high threat patients for whom 

extended coronary perfusion could not be securely. 

Ensured: Reported cross clamp times of roughly 20 and 30 min for aortic insufficiency and aortic stenosis, respectively, 

rendered this valve of considerable value in this small subgroup.
(75.76). 

The introduction of cold cardioplegia as a means of 

intraoperative myocardial security has even more limited the number of patients who may require this prosthesis. This 

gadget has been associated with high postoperative event of atrioventricular dissociation, although this finding might 

show the patient population itself, which shows a high incidence of serious calcific aortic stenosis or pre-existing 

atrioventricular conduction disturbances, instead of an intrinsic problem of the prosthesis." 

Results: 

Aortic placement: healthcare facility mortilaty for aortic valve replacement with all the presently readily available 

prostheses is reported to be between 5% and 8% in multiple series
.(78-81)

More current data using cold cardioplegia for 

myocardial preservation exposes healthcare facility death lower than 1% for isolated aortic valve replacement.
(82) 

Death is 

not a function of the type of valve used, but rather of well-known perioperative issues such as perioperative myocardial 

infarction, left ventricular failure, and ventricular dysrhythmia. Late death ranges from 15% to 20% at 5 year 
(81)

 as well 

as appears independent of the type of prosthesis employed. Hemodynamics are typically similar in all designs with typical 

gradients varying from 10 to 19 mm Hg in multiple trials.
(54,83)

Thromboembolic conditions in anticoagulated patients 

likewise tend to be fairly comparable with 1.5% to 2% per patient-year reported for the Starr 2400 modelg4 and 5% over 

4 year noted for the Smeloff-Cutter valve
.(85)

 Bonchek and Starr observed no thromboembolic occasions in 116 

anticoagulated patients followed for 3 year with cloth covered (2310-2320) valves. On the other hand, they found an 8.8% 

occurrence over 2 year in patients who were not anticoagulated, and 29.4% occurrence in 17 patients followed for 2 year 

who had actually ceased previous anticoagulation.
(58)

 A dramatic increase in prosthetic thromboembolic occasions 

following discontinuation of anticoagulation compared to nonanticoagulated patients has actually likewise been observed 

by Isom et al. 
31
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Hemolysis is noted with all kinds of mechanical prostheses, nevertheless frank hemolytic anemia has primarily been 

connected with cloth-covered aortic devices, and in the existence of perivalvular leakages. 
(59.86-90)

 Mitral replacement. 

Operative death for elective mitral valve replacement in New york city Heart Association (NYHA) class III patients is 

currently in between 1% and 3%,
(81,91,92)

 although the figures end up being rather higher if NYHA class IV patients are 

included. Late mortality is essentially similar to that reported for aortic valve replacement
(48,58,93)

 with only 10% to 15% of 

these related to problems of the prosthesis itself
.(92)

 Mean resting valve gradients have actually varied from 5 to 9 mm Hg, 

although they have actually been observed to increase as much as threefold during workout. 
(54.84.94-96) 

Thromboembolic 

events are reported more frequently in the mitral position than in the aortic, although hemolysis is less noticable. The 

Starr-Edwards model 6400 composite strut valve was related to a 3% per patient-year rate of thromboembolism97 in 

constrast to 6.5% per patient-year observed with the Smeloff-Cutter prosthesis
.(98)

. 

Complications. 

Circulation blockage: Circulation blockage is an intrinsic feature of the caged ball valve by virtue of its very design.
(99) 

Three websites of obstructed flow are immediately evident: (1) the valve orifice itself, (2) the outflow orifice specified by 

the oblique range between the respective areas of the valve seat and the ball outdoors position, and (3) the centrally 

obstructed channel defined by the range between the circumference of the ball and the surrounding tissues. Centrally 

blocked circulation causes a considerable amount of turbulence, especially in the aortic position where flow speed is at 

least three times that across the mitral valve. Roberts
(47)

 has actually shown considerable intimal proliferation in the aortic 

root of patients with caged ball aortic prostheses that has been presumed to be secondary to turbulent flow. Of these, more 

than 50% manifested evidence of fibrous tissue deposition in one or both of the coronary ostia. Considerable obstruction 

of the coronary ostia due to fibrous tissue was seen in 14% of the patients compared with 2% of patients who had been 

noted to have narrowing of the ostia at the time of surgery. 

Likewise, Roberts and Morrow have documented left ventricular endocardial fibroelastosis as a late issue of mitral 

replacement with The caged ball valve
.(100)

 As in the aortic root, the existence of fibrous expansion in the left ventricle 

was presumed to be an anatomic reflection of turbulent blood circulation. Not just is the endocardium subject to laterally 

displaced blood flow from the left atrium during ventricular diastole, it needs to likewise sustain a series of shock waves 

propagated throughout the residual end-systolic ventricular blood swimming pool by the forward motion of the ball 

throughout the fast filling phase . Substantial speculation still exists worrying the etiology of both primary and secondary 

endocardial fibroelastosis
.(102,102)

Among the more prominent alternative descriptions are endocardial tension irregularities, 

viral infection, autoimmune phenomena, and hypoxia. Short-term subendocardial ischemia secondary to lacking 

intraoperative myocardial defense has just recently been invoked as the reason for left ventricular fibroelastosis following 

valve replacement instead of the system proposed by Roberts. Regardless of, observations recently reported by Steele et al 
(103).

 Pathologic specimens from patients with tilting-disc mitral valve prostheses also suggest that unstable blood flow is 

the prime cause of endocardial fibroelastosis in the adult. Endocardial fibroelastosis ends up being clinially significant 

when it is substantial, where instance it can be responsible for reduced ventricular compliance and congestive failure. 

Thrombogenicity: While necropsy research studies have actually shown the existence of prosthetic thrombi in the large 

majority of patients with caged ball valves, just a minority of these had displayed clinical proof of embolic occasions 

antemortem.
(47) 

Area of the thrombus is variable and remains in part reliant upon the type of valve employed. There is 

predilection for thrombus development at the junction of the struts with the seat in non-cloth covered valves, while it is 

more commonly found at the apex of the cage in non-close-clearance fabric covered models. Thrombus formation in a 

little group of close-clearance cloth covered aortic prostheses appeared mostly at the midportion of the struts and was 

reported to be responsible for minimized forward excursion of the ball with consequent mortality. 

A current reevaluation of actuarial thromboembolic rates by Macmanus et al 
(104)

 reveals that thromboemboli were 

substantially more typical from aortic and mitral silicone ball valves throughout the first decade of cardiac valve 

replacement than they have been for the second utilizing identical valve models. This difference probably shows 

decreased ball variance as a result of more recent alterations in silicone curing methods. Present thromboembolic rates in 

the anticoagulated patient with the Starr- Edwards silicone ball valve appear comparable to those observed for patients 

with both tilting disc and tissue valve prostheses. 

Some proof has existed recommending that making use of acetylsalicylic acid in combination with anticoagulant therapy 

is more reliable than anticoagulants alone in the avoidance of thromboembolic episodes.
(105)

 .Notwithstanding, making use 

of antiplatelet agents in the absence of anticoagulation has been revealed unequivocably to be not just inferior to 

anticoagulant therapy alone, but little better than no medication whatsoever for thromboembolism prophylaxis in patients 

with caged ball prostheses
.(106,107)

. 
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Resilience: 

Silicone ball variance was a consistent problem in prosthetic devices implanted prior to change of the treating method in 

1965, especially those installed in the aortic position. The abnormalities were presumably ciency secondary to partial or 

complete detachment of the valve from the aortic root. In a larger series of 22 patients, prosthetic valve ring abscesses 

were recorded in all cases, regard- less of the site of the valve included."' Involvement of the entire area of the prosthesis 

causing valve detachment was observed in 80% of patients with aortic prosthetic endocarditis and in 28% of patient with 

prosthetic endocartitis mitral lesions. Conduction disturbances as a result of a ring abscess formation were observed in 47 

% of patient with aortic involvement while on conduction abnorlmalities were related to mitral prosthetic infection. 

generated a variety of requirements for early operative intervention in late prosthetic valve endocarditis. Among these are 

relentless or reoccurring fever, non-streptococcal etiology, atrioventricular conduction irregularities, a murmur of 

prosthetic valvular deficiency, moderate to extreme congestive heart failure, systemic emboli, relapse, and fungal 

etiology
.(18,120,125,127)

. 

Anatomic viability: The prime anatomic disadvantage of the caged ball valve is its size. The spatial requirements of the 

prosthesis have actually been responsible for a remarkable range of postoperative problems, more commonly seen in the 

mitral than in the aortic position. The absence of ventricular dilatation in the patient with pure mitral stenosis has both 

hemodynamic and electrophysiologic consequences following mitral valve replacement. Incomplete forward motion of 

the poppet has actually been reported as a result of ventricular myocardium interposed in between the struts of the cage, a 

phenomenon that is significantly improved by concentric ventricular hypertrophy in the presence of coexistent aortic 

stenosis.
(47,8,29)

 In the presence of a little ventricular chamber, blockage to ventricular emptying can occur with the Starr-

Edwards valve in the closed position because of its invasion into the ventricular outflow tract. This occurrence remains in 

part alleviated by the design of the Smeloff-Cutter prosthesis that houses half of the poppet in the left atrium throughout 

ventricular systole. 

Disintegration of the ventricular septum in the vicinity of the conduction system along with injury to the ventricular 

complimentary wall have been accountable for deadly dysrhythmia."' Engagement of ventricular myocardium by the open 

cage of the Smel- off-Cutter valve has actually been reported, causing both injury and hemodynamic compromise.
(13,132) 

The most commonly reported irregularity in the aortic position has actually been size inequality, leading to almost total 

outflow obstruction by a poppet whose diameter is only minimally less than that of the aortic root itself.
(133,134) 

A 

fascinating, although uncommon, complication of double valve replacement was reported by Roberts et al. where a strut 

from the mitral prosthesis disrupted seating of the aortic ball, resulting in aortic deficiency
.(135)

 Use of the valve in the 

tricuspid position has resulted in stenotic, obstructive, and thrombotic complications just like, if not more frequent than, 

those come across in mitral replacement
.(136,138)

. 

5.   THE CAGED DISC VALVE 

Evolution: 

The caged disc valve was developed mostly to conquer the spatial drawbacks of the caged ball prosthesis, particularly in 

the atrioventricular position. Potential hemodynamic benefits were recommended by the minimized mass of the 

meniscoid poppet, prompting clinical application in the semilunar position also. To this end, a variety of different caged 

disc styles were developed nearly simultaneously in a variety of laboratories in the mid sixties. Hufnagel
(7)

 made a 

prosthesisof plastic, including an unalloyed polypropylene housing and a biconcave disc built of silicone coated 

polypropylene . The real estate included a single unit with a diagonal seat and 4 rounded struts that converged centrally 

enabling a disc excursion in between 4.5 and 8 mm. General height of the valve was around 14 mm. Cross and Jones
(10)

 

devised a prosthesis with a 3 pronged, open-ended titanium housing, surrounded at the seat by a Teflon sewing ring, and a 

lenticular disc made completely of silicone rubber strengthened with a titanium ring . Height varied between 14.5 and 

15.0 mm. The Kay- Suzuki valve
(9) 

used a closed metal cage to house a silicone poppet, however extended the height of 

the valve to 19 mm permitting disc excursions approximately 10 mm. This height allowed increased flow rates, but 

increased the threat of disc cocking outdoors position and required using four extensionstruts in the valve seat to 

discourageit. The Kay-Shiley prosthesis
(8)

 put a silicone disc in a Stellite housing consisting of two looped struts put 

parallel to one another rather than perpendicular as was the casewith the Hufnagel and Kay-Suzuki styles . The total 

height of the valve was lessthan 11 mm while disc adventure varied between 4.2 and 4.8 mm. 

As might be gotten out of the experience with the caged ball valve, toughness of the silicone rubber discs, as well as the 

polypropylene real estate employed by Hufnagel, was a problem. The intro of the Beall prosthesis in 1967 represented the 

first effort to conquer this problem
.(11)

 Originally constructed of a compression- molded Teflon disc housed in two parallel 
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Teflon-coated titanium struts installed on a Dacron velour covered titanium base, it was modified in 1972 to employ 

pyrolytic carbon-coated non- ferrous metal wire struts 
(139)

 . This valve is still readily available today in its modified type. 

In 1972, Cooley and associates 
(140) 

created a prosthesis constructed of a biconical pyrolytic carbon disc confined in an 

open ended, 4 strut titanium cage . Height differed from 11 to 14 mm consistent with other valves of its type, while the 

conical shape of the poppet was designed to increase circulation and reduce turbulence. 

Results: 

Operative and late death for insertion of the caged disc prosthesis is comparable to that reported for all other valve 

implants.
(141-144) 

Hemodynamics differ from one series to another. E. B. Kay reported resting aortic gradients between zero 

and 10 mm Hg with the greater profile Kay-Suzuki valve. Additionally, he found no boost with exercise in 10 of 11 

patients (the eleventh rose just 5 mm). 
(145)

 On the contrary, Bjork reported average peak aortic gradients of 27 mm Hg at 

rest and 38 mm Hg with exercise in the Kay-Shiley valve, which has less disc excrusion. 
(146) 

Mitral hemodynamics are 

more consistent, with typical mean gradients varying from 5 mm Hg for the Kay-Suzuki valve to 12 mm Hg for the Kay-

Shiley and Beall valves. Average workout mean gradients varied between 8 and 24 mm Hg.
 (9,140,147-152) 

vitro studies of the 

Cooley- Cutter prosthesis show this prosthesis to have a substantially lower workout gradient than those of the other 

caged disc designs.
(203)

 

Complications:  

Flow obstruction: With the possible exception of the Kay-Suzuki and cooley-cutter protheses, the caged disc design is 

the most obstructive of all the prosthetic valves. Roberts 
(153) 

has actually reported intimal expansion in the aortic root of 

patients concerning autopsy with caged disc aortic replacement much like that observed in caged ball valve recipients. 

Considerable coronary ostial obstruction was observed in one of five patients . Likewise, left ventricular fibroelastosis 

was recorded in all patients with mitral prostheses. Roberts felt that the observation of large left atria1 thrombi in 3 of 10 

late deaths was indirect evidence for substantial mitral blockage. Use of the caged disc valve in the aortic position 

assumes specific value in the face of substantial preoperative aortic insufficiency. The insertion of a centrally occluded 

prosthesis might raise ventricular end systolic pressure adequately to either speed up or enhance mitral regurgitation. 

Although resting gradients in the mitral position have been mostly much like those tape-recorded for caged ball valves, 

exercise gradients have actually been substantially greater in all but the Kay-Suzuki higher profile design and the Cooley-

Cutter prosthesis (vide supra). In reporting hemodynamic data in 15 patients with a Beall valve mitral replacement, 

Fernandez
(154)

 notes that although the average mean lung artery pressure reduced considerably following surgery, the 

average mean mitral gradient did not. 

Valve incompetence: A strange feature of the caged disc valve in the atrioventricular position is its tendency to permit  

intermittent regurgitant flow as a result of cocking of the poppet during ventricular systole. This phenomenon was 

particularly encouraged by the three strut style of the Cross-Jones valve that not just allowed small leakages about the rim 

of the disc in the closed position, but also enabled the disc to catch listed below the valve orifice on regular 

manipulation.
(155-156)

 Transient disc tilting was observed in patients with both 3 and 4 strut prostheses in the mitral 

position in the presence of aortic deficiency, probably as a result of a jet of regurgitant aortic blood flow causing an 

oblique orientation of the poppet at the end of ventricular diastole
(156, 157)

. Patients with valve replacements for mitral 

stenosis appeared more susceptible to this problem than did those with preoperative mitral incompetence, possibly 

reflecting distinctions in left ventricular chamber size and end diastolic configuration. Thrombogenicity. The occurrence 

of prosthetic thrombosis at necropsy is as high as 88%, although just a minority of these manifest either interference with 

valvular function or clinically noticeable embolic phenomena.
(153)

 However, in a choose few cases, thrombus has actually 

been documented to cause both tilting and immobility of the disc resulting in deficiency and total blockage, respectively 
(158-160 )

. 

Early reported occurrence of thromboembolic occasions in anticoagulated patients varied between 1% and 2.5% annually 

in the aortic position and in between 1% and 3% each year in the mitral position.
(146,161-163) 

The exception was Vogel's 

series of 21 cases of mitral replacement with the Kay-Shiley valve that exhibited an 18% annually occurrence of 

thrombotic problems over 2 year.
(148) 

Enabling the fact that half of those impacted were not judged to be properly 

anticoagulated, the number still stays disturbingly high. Likewise, Wellons' work with the Kay-Shiley valve in 83 patients 

over 6 years of follow-up showed a 6% each year probability of embolic occasions. 
(164) 

A more current 1I-yr study of 63 

patients with Kay-Shiley mitral prostheses by Edmiston et al exposed a thromboembolic incidence of 12.4% per patient 

year.
(165)
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Sturdiness: 

There have actually been numerous reports of disc variation in all designs of the caged disc valve that include poppets 

constructed from Teflon, polypropylene, or silicone rubber.
(166-170).

 

Variance in the disc prosthesis takes the form of grooving of the poppet at each of its points of contact with the vertical 

struts, recommending that circular rotation of the poppet does not take place during the heart cycle. Discoloration of the 

silicone disc has actually been observed just like that discovered in the lipid loaded variant ball valves. Roberts' 

evaluation of the Hufnagel prosthesis revealed marginal disc grooves in the valves of eleven of 17 patients who concerned 

postmortem 2 or more months after implantation, the earliest manifestation of which occurred in the mitral position at 9 

months.
(153) 

Cracks also have actually been kept in mind in disc margins enabling lipid infiltration and limited cysts. 

One of the outcomes of disc degeneration is acute prosthetic regurgitation as a result of disc impaction in an oblique or 

vertical orientation. Not all of a sudden, this complication has been associated with the Kay-Suzuki valve, whose big cage 

renders it particularly susceptible to this issue
.(171)

 However, this issue has been noted in other designs also, both with and 

without the complicating element of strut thombus.
(172-173).

 

The introduction of the Beall series 105 pyrolytic carbon disc mitral replacement appeared to resolve the issue of disc 

variance, however added among its own. Four cases of strut fracture with following embolization of the poppet and acute 

mitral regurgitation were reported within 1yr of implantation. 
(174)

 The series 106 Beall valve was designed to conquer this 

problem; nevertheless, long-lasting follow-up is not yet readily available
.(175)

. 

Hemolysis: 

Similar to the caged ball valve, hemolysis is a basic problem of the caged disc design. The greatest occurrence has 

actually been reported in a series of patients with mitral valve replacement with the original Teflon disc Dacron velour-

covered Beall valve, where 6 of 18 patients were found to have frank hemolytic anemia.
(176) 

Clark observed symptomatic 

hemolytic anemia in 15%. of a 26 patient group with the same valve.
(177) 

Findings of this magnitude have actually not 

been verified by all private investigators, perhaps due to the arrival of the pyrolytic carbon disc that has actually been 

connected with a less noticable occurrence of anemia.
(139 ,178).

 

The high incidence of hemolysis has actually been associated by Roberts with a high occurrence of renal hemosiderosis. 

He demonstrated substantial renal hemosiderosis in 13 (81%) of 16 postmortem evaluations of patients with caged disc 

prostheses. 
(153)

  Two of the Three patients without renal iron deposition had separated tricuspid valve replacement, while 

all of the aortic receivers and 7 of 8 mitral recipients displayed substantial quantities of hemosiderin in the proximal 

tubule. 

Anatomic viability: 

In spite of the low profile of the majority of the caged disc valves, they have likewise been prone to some of the very 

same anatomic issues that besieged the caged ball prosthesis. Size disproportion was observed in 31% of early mortalities 

examined by Roberts.
(l53) 

The contributing aspects also appear to be similar. Nine out of ten cases with postoperative 

mitral prosthetic obstruction had actually severe preoperative isolated mitral stenosis. Postoperatively, obstructive contact 

occurred in between the ventricular myocardium and the valve struts along with the disc itself. Among the nine was noted 

to develop a left-bundle-branch block postoperatively and at necropsy showed burrowing of the prosthetic strut into the 

interventricular septum in addition to outflow tract blockage by the disc. This problem is especially troubling inasmuch as 

these were the patients for whom the valve was mainly created. The use of a pericardial spot as a way of broadening the 

aortic root and thus avoiding. 

Prosthetic blockage has actually been related to fatal hemorrhage in as many as 50% of early operative mortalities in 

patients receiving the graft, 
(153)

 although this may show surgical method rather than a deficiency in either the prosthesis 

or the pericardial spot. The presence of associated valvular problems has actually likewise resulted in untoward 

consequences. Issues related to aortic caged disc implantation in patients with aortic deficiency and either pre-existing 

mitral incompetence or concomitant mitral commissurotomy have been explained above. Mitral prosthetic leakage in the 

face of aortic deficiency has likewise been observed (vide supra). 

6.   THE TILTING DISC VALVE 

Evolution: 

The concept of a tilting disc prosthesis was introduced by Juro Wada in 1968 when he developed a valve that allowed a 

Teflon disc in a titanium housing to pivot open up to an angle of 75 to 80 degrees, supplying semi centrallized circulation. 
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Although hemodynamically effective, the valve developed problems with early degeneration of the hinged Teflon disc 

resulting in its withdrawal from production. Problems consisted of regurgitant circulation through the prosthesis itself and 

severe disc variation with at least 13 reported cases of disc disengagement and embolization from both the aortic and 

mitral positions.
(179,180)

. In 1969, Bjork
(13) 

reported preliminary studies on a new valve consisting of a free drifting Delrin 

disc suspended in between two eccentrically positioned struts in a Stellite housing designed to tilt available to a maximum 

angle of 60 degrees. Integrated into its design was the center of the disc to turn on its axis in a style much like that of a 

phonograph tape-recorded on a turntable as soon as every 180 to 200 cycles, consequently substantially decreasing the 

wear triggered by the hinge struts
.(181,182)

 The Delrin disc proved to be relatively thrombo- resistant as well as durable; 

nevertheless, a tendency to take in wetness throughout steam autoclaving was discovered to lead to swelling of the 

occluder if it was not rigorously dried following sterilization. This prospective issue was fixed with the arrival of a 

pyrolytic carbon disc in 1972.
(183,184) 

. More recently, a series of valves has actually been developed using a convex-

concave pyrolytic carbon disc that increases out of the housing some- what when the valve is open, directing more flow 

through the lesser orifice . The style is planned to reduce thrombogenicity and resistance to stream, perhaps at the 

expenditure of a modest boost in regurgitation
.(185,186).

 

Introduced scientifically in 1971, the Lillehei- Kaster prosthesis is constructed of a silicone alloyed pyrolytic carbon disc 

rotating freely in a titanium housing
(14)

 . The valve has the ability of opening to an optimum angle of 80 ° while closing at 

an angle of 180 with the horizontal. Unlike the Bjork-Shiley gadget, in which the disc fits entirely within the valve orifice 

on closure, the Lillehei-Kaster disc is designed to overlap the valve ring in the closed position. There have been no reports 

of major disc difference in either valve to this day. 

The Hall-Kaster pivoting disc aortic prosthesis was introduced into clinical study in 1977 . Including a pyrolytic carbon 

coated graphite disc in a titanium real estate, its distinguishing feature is an S-shaped disc guide strut that serves to pivot 

the disc through a maximum arc of 75 , in theory yielding much better hemodynamics than either the Bjork-Shiley hei-

Kaster valves, although early reports have not demonstrated a considerable distinction.
(187-188) 

St. Jude Medical, Inc. 

presented a bileaflet disc prosthesis for clinical trial in 1977. The valve incorporates 2 tungsten impregnanted pyrolytic 

carbon semicircular brochures in an orifice ring of pyrolytic carbon layered machined graphite
.(189)

 The brochures are 

created to pivot from a resting angle of 30 ° to 35" with the horizontal. Through a maximum arc of 50 ° to 55' each, 

permitting nearly entirely centralized circulation . The pivoting system is devised to get rid of the requirement for 

assistance struts that exists with both the Bjork-Shiley and Lillehei-Kaster valves; nevertheless, it does not permit 

complimentary rotation of the discs that might increase the potential for prosthetic wear at the hinge sites. 

Results: 

Operative and late mortality for the tilting disc valve resembles that reported for other prosthetic implants.
(14,190,191)

Short-

term follow-up information with the St. Jude prosthesis suggest a reduced late mortality, 
(192)

 although this distinction may 

show advances in surgical method rather than any advantage from the St. Jude prosthesis. 

Hemodynamics differ in between the eccentric monocusp and the bileaflet tilting disc valves. Bjork-Shiley and Lillehei-

Kaster prostheses typical resting mean gradients in between 12.5 and 17.4 mm Hg in the aortic position and between 4.5 

and 7.6 mm Hg in the mitral position.
(14,178,191-202).

 

Preliminary testing of the St. Jude prosthesis in little, selected series has yielded an average mean resting gradient of 4.2 

mm Hg for aortic replacement and only 0.4 to 1.79 mm Hg for mitral implantation.
(192,194) 

Workout gradients with the 

eccentric monocusp valves are not well recorded, however, Bjork has reported doubling of the aortic resting gradient and 

tripling of the mitral resting gradient on workout.
(197,198) 

Adequate documentation of exercise gradients in large groups of 

patients with St. Jude valves is not currently available, although there is some recommendation that they compare 

positively with monocusp gradients in the mitral position.
(202).

 

Problems: 

Flow obstruction: Circulation dynamics for the tilting disc prosthesis are better than for any other mechanical prosthesis. 

In vitro characteristics are better than those observed in the porcine xenograft at high flow
(203,204) 

Incomplete opening of 

the mitral eccentric monocusp prosthesis can happen in the face of huge aortic deficiency; however, this issue is rather 

unusual unless motivated by inaccurate positioning of the valve (vide infra). There are no reports of the habits of the st. 

jude mitral prothesis in the face of aortic regurgitation. 

Valve incompetence: research studies of the initial Bjork mitral prothesis demonstraded regrutation flow of 

approximately 12% to 15 % in some patients, a phenomenon that was presumed to provide an antithrombotic "cleaning" 

system by its manufacturer. 
(205) 

Regurgitant flow was gotten rid of by the introduction of the pyrolytic carbon disc that fit 
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the valve orifice more snugly than did its predecessor. In vitro testing has recommended an almost similar amount of 

regurgitation in both the Bjork and the St. Jude valves of 4% 5% in 29-mm prostheses
.(192).

 

Thrombogenicity: The thrombotic potential of the Bjork valve in the absence of anticoagulation is popular. Although 

there is documents of reduced thrombogenesis with the use of pyrolytic carbon
,(206)

 a significant risk of thrombotic and 

thromboembolic events stays in the patient who is not anticoagulated. 

There are numerous reports of apoplexy of the prosthesis itself in both the aortic and the mitral position, usually in 

patients not getting anticoagulation therapy.
(207-210)

 Necropsy research studies carried out by Roberts 
(209) 

demonstrated no 

obstructive prosthetic thrombosis in any patients treated with warfarin salt unless there was co-existing prosthetic 

endocarditis. Similarly, the general occurrence of prosthetic apoplexy associated Prosthetic heart valve With the Bjork 

valve was less than that obsereved in anticoagulated patients with caged ball valves. In our own experience, the Lillehei-

Kaster valve has been associated with a considerable incidence of prosthetic thrombosis when implanted in the mitral 

position. Although no systematic postmortem studies have yet been published relating to the thrombotic potential of the 

St. Jude prosthesis, its clinical similarities recommend that the experience will be similar. Clinical incidence of prosthetic 

apoplexy with the St. Jude valve has averaged about 0.43% per patient-year and to date has been observed just in the 

mitral position in patients with double valve replacement and atrial fibrillation
.(192,195).

 

Thromboembolic occasions have actually been reported to typical 1.9% per patient-year with the regular Bjork-SmiIey 

prosthesis and 1.0% per patient-year with the St. Jude device in groups of patients who have been variably anticoagulated
 

(191.192.194).
 

Toughness: There are no reports of pyrolytic carbon disc degeneration to date. Disc dislodgement from the Bjork-Smiley 

prosthesis has actually been reported in both mitral and aortic designs although the etiology appears to arise from damage 

throughout intraoperative manipulation of the valve instead of intrinsic defects in the device itself 
(66.211)

 There are no 

reports of disc escape from the Lillehei-Kaster valve. 

It has been reported that the rate of wear of pyrolytic carbon is substantially less when it is brought into contact with other 

objects made from pyrolytic carbon than when it abuts titanium or Stellite. This element most likely represents the 

observation that the projected valve life of the St. Jude Medical prosthesis is 255 years when subjected to in vitro 

tiredness and tension testing, despite the fact that its semicircular discs can not rotate and equally disperse the shearing 

forces of the heart cycle.
(191) 

As such it represents a significant improvement on previous attempts at style of bileaflet and 

trileaflet gadgets by Gott and Hufnagel. 

Hemolysis: Hemolysis with all tilting disc valves has actually been incredibly minimal with nearly no reports of 

substantial hemolytic anemia. 
(14,212,214)

 Postmortem examination has actually revealed the existence of kidney 

hemosiderosis in 3 of 9 patients, nevertheless only 1 of these was kept in mind to be significantly affected
.(209).

 

Endocarditis: Endocarditis has actually been no more regularly observed in the tilting disc pros- thesis than in any other 

valve replacement
,(191)

 although it has been related to an increased occurrence of prosthetic apoplexy. 

Anatomic viability: Reports of anatomic disproportion of tilting disc valves are rare. Roberts
(209)

 has observed 2 cases 

where the size of the Bjork-Shiley prosthesis picked for mitral valve replacement was too large for the left ventricular 

cavity leading to incomplete opening of the valve with resulting prosthetic stenosis. The benefit of the St. Jude prosthesis 

in both this circumstance and in patients with little aortic roots results from its low profile. 

Positional relationships within the orifice may also be of value to the function of an eccentric monocusp prosthesis. In the 

mitral position, rotation of the valve seat such that the disc opens toward the high ventricular septum instead of toward the 

ventricular peak not only might lead to suboptimal flow dynamics and insufficient ventricular filling, but likewise might 

increase the capacity for disc contact with the interventricular septum and its attendant stenotic and thrombotic problems. 

This phenomenon has actually been suggested to be the cause of death in necropsy research studies.
(30) 

Similarly, in the 

aortic position, opening of the disc towards the noncoronary cusp not just might lessen intimal proliferation about the 

coronary ostia, but may likewise promote laminar circulation by permitting the valve to open parallel to the tilt of the 

aortic root instead of at an angle to it
(215)

. 

Migration of foreign material between the disc and the valve ring is an unusual, however possibly catastrophic event, 

especially for prostheses situated in the mitral position. Recently, 2 cases have been explained wherein intraoperative 

entrapment of chordal remnants in a mitral prosthesis necessitated reinstitution of cardiopulmonary bypass and cutting of 

the chordae
(216)

. 
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7.   THE TISSUE VALVE 

Evolution: 

The obvious prospective advantages of absent or substantially lessened thrombogenicity and unobstructed laminar flow 

render the tissue valve an extremely preferable alternative to other prosthetic devices. Following the publication of 

Hufnagel's original deal with intravascular valve implantation, Murray and associates attained some success positioning 

homografts in the coming down aorta as surgical therapy for aortic regurgitation. Strategies for subcoronary implantation 

were developed by Ross, Barratt-Boyes, and Duran and Gunning with early beneficial outcomes reported by several 

laboratories
.(15,17,217,218)

 A frame mounting was included by Angel1 to stabilize and support the prosthesis and applied to 

bovine heterografts by Carpentier, rendering the valve suitable for atrioventricular replacement
.(219,220)

 Sanitation and 

preservation of the very first heterografts was accomplished at first with a buffered mercurial option and subsequently 

with formalin, nevertheless early wear and tear was quickly reported
.(221)

 The use of 1% glutaraldehyde as a preservative 

resulted in stiffer, less mobile valve leaflets, but with the subsequent exemption of salt metaperiodate oxidation from the 

tanning process and using a 0.6% glutaraldehyde option, the Carpentier valve ended up being both long lasting and 

functiona1.
(222)

 Xenograft durability was further improved by the intro of an asymmetric versatile stent that was shown to 

promote significantly less leaflet strain than the original frame mounting procedure
.(223). 

At present, there are 2 heterograft valves. characteristics for the Sauvage: Recreated by approval.) readily available for 

large industrial distribution: the Hancock and the Carpentier-Edwards. Both are of porcine origin and differ in the 

concentration of glutaraldehyde utilized in the tanning process (0.2% from the Hancock and 0.625% for the Carpentier-

Edwards) and stent structure (polypropylene in the Hancock and Elgiloy in the Carpentier-Edwards). The right coronary 

cusp of the porcine aortic valve is supported by the interventricular septum. Thus, both the Hancock and Edwards valves 

integrate a muscular shelf attached to the right coronary cusp that narrows the inlet orifice. Narrowing appears more 

popular in the Hancock prosthesis, which is installed on an in proportion base. The Carpentier-Edwards design tries to 

minimize the amount of septal muscle incorporated in the prosthesis by mounting it on an unbalanced orifice that is 

contoured to the shape of the porcine valve. Both resilience and occurrence of problems seem similar. 

for both prostheses, although the Carpentier prosthesis might be hemodynamically remarkable
.(224,225)

 Reports of 

unacceptably high trans- valvular gradients in smaller aortic heterografts have led to the development of a modified 

Hancock prosthesis that replaces a cusp without a muscular ridge for the ideal coronary cusp as a means of broadening the 

valve orifice
.(226)

Early reports of postoperative follow-up in an elderly patient population reveal appropriate 

hemodynamics as well as a low occurrence of thromboembolic events.
(227,228).

 

The desire for valves that could be specifically tailored to even the tiniest size requirements prompted the development of 

frame mounted autologous fascia lata and heterologous (bovine) pericardial prosethesis by Ionescu and associates
.(27-

28)
The valve is presently constructed of glutaraldehyde treated bovine pericardium installed on a Dacron covered titanium 

frame with a Dacron sheathed silicone sewing ring and includes a bigger outlet size to inlet diameter (OD/ID) ratio then 

the heterograft
(229-232)

. 

Results: 

Operative death has actually varied in between 3% and 10% for aortic replacement and between 1% and 13% for mitral 

replacement in a lot of series.
(233,234)

 Late mortality has varied between 15% and 30% at 4 years. The average resting mean 

gradient throughout the aortic prosthesis is 16.8 mm Hg for the porcine xenograft and 7-10 mm Hg for the Ionescu-Shiley 

in several series.
(230-235) 

The typical resting mitral mean gradient has actually been reported as 6.9 mm Hg for the 

xenograft and 5.3-6.4 mm Hg for the pericardial prosthesis. 

Hemolysis is not medically noticeable in the absence of perivalvular leak with the exception of one current report 

recording increased LDH and reduced haptoglobin levelsin a small population of patients with the Ionescu-Shiley pros- 

thesis
.(236)

. 

Complications: 

Obstructed flow: In spite of the absence of a central occluder, porcine heterograft flow characteristics have been 

frustrating in vitro. Studies carried out by Gabbay,
(203,204)

 in a pulse duplicator system have actually demonstrated pressure 

gradients in between 3.2 and 12.6 mm Hg at a flow rate of 5 liters per minute relying on the size of the prosthesis. At a 

circulation rate of 9 liters per minute, the gradient climbed to between 10.3 and 40.8 mm Hg, approximating that noted for 
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the centrally occluded Starr-Edwards valve and significantly higher than that generated by the tilting disc gadgets. By 

contrast, gradients across the Ionescu-Shiley bio prosthesis varied between 1.5 and 7.7 mm Hg at 5 liters per minute and 

in between 4.8 and 24.9 mm Hg at 9 liters per minute, comparing positively with the Bjork-Shiley and Lillehei-Kaster 

mechanical replacements. In vivo resting information do not reveal any significant distinctions between the porcine 

heterograft and the tilting-disc prosthesis. Although there is a significant advantage claimed for the pericardial prosthesis 

in the aortic position, there are not yet appropriate numbers of patients to confirm Ionescu's findings.
(230,235).

 

In vivo, the outcomes have actually been significantly more encouraging. Mitral valvular gradients reported by Horowitz 

et a1 
(237) 

averaged 5.7 + 2 mm Hg at rest increasing just to 15 +- 10 mm Hg on exercise. Patients in this group who 

established symptomatic failure postoperatively did quickly the basis of left ventricular dysfunction instead of valvular 

blockage (preoperative mitral deficiency was the most typical predisposing sore). Resting mitral mean gradients observed 

by Johnson et al 
(238) 

varied between 4 and 14 mm Hg with the largest gradient produced by thrombotic limitation of 

xenograft leaflet movement rather than by inherent prosthetic obstruction. Hannah and Reis 
(239) 

also recorded outstanding 

mitral function of the heterograft, noting typical resting mean gradients of 3.6 mm Hg increasing to 7.6 mm Hg on 

exertion. 

Aortic hemodynamics were not as encouraging with the peak resting gradient averaging 16 mm Hg increasing to 70 mm 

Hg on effort. The large gradients created throughout the heterograft in the aortic position on workout as well as those kept 

in mind in vitro at high circulation most likely reflect a decreased outlet size to inlet size (OD/ID) ratio when compared to 

either the Ionescu-Shiley bio prosthesis or the tilting-disc mechanical valves. Nevertheless, in the mitral position, the 

increased valve location of the Ionescu device appears compromised by its tapered outlet that has the propensity to funnel 

blood circulation directly at the interventricular septum rather than allowing a more typical diffusion throughout the 

ventricle. As a result, the diastolic mitral gradients throughout all tissue valves are practically identical, while the 

heterograft most likely offers a more physiologic mechanism for left atria1 emptying. 

Thrombogenicity: Thromboembolic phenomena occur considerably less often with tissue valves than with mechanical 

prostheses. The rate of thromboembolism has actually been variably reported, in part as a result of inconsistent anti- 

coagulation procedures. Incidence has actually varied in between zero and 2.8% per patient-year for aortic replacement 

and between 0.6% and 10.8% per patient-year (with a fixed average of 2.9% per patient-year) in the mitral position for all 

tissue valves
(230,233).

 

Most of the total thromboembolic episodes occur within the very first 3 postoperative months for both mitral and aortic 

replacement, with the total occurrence greater in atrioventricular replacement
.(240-244)

 The regular occurrence of early 

postoperative thrombosis most likely shows insufficient endothelial proliferation along the valve stent and sewing ring. If 

the instant postoperative duration is omitted, the occurrence of thromboembolism from mitral heterograft prosthesis is up 

to 0.7% per patient- year.
(233).

 

Whether to anti coagulate patients with tissue valves is a matter of continuous discussion. Comparison of the occurrence 

of thromboembolic events in patients who have porcine mitral prostheses with the occurrence of substantial hemorrhage 

in anticoagulated patients with mechanical valves (0.4% to 7.8% per patient-year) raises serious doubt about the 

effectiveness of long-term warfarin therapy for tissue valve recipients
.(233)

 In Stinson's series of aortic valve replacements, 

using warfarin in the postoperative duration did not substantially alter the occurrence of early thromboembolic occasions, 

although other investigators have actually not reported similar findings
.(240).

 

More recent work by Jamieson et a1. 
(242)

 and Geha et a1
(242)

 suggest that anticoagulation is required mostly in patients 

with mitral valve replacement who remain in atria1 fibrillation postoperatively. A report by Platt et al 
(243)

 documenting 6 

cases of Hancock prosthetic thrombosis is remarkable because 3 of the 6 suffered prosthetic degeneration prior to 

apoplexy. Prosthetic degeneration was either connected with young age of the recipient (vide infra) or was secondary to 

prosthetic endocarditis. 2 of the remaining three thrombi happened on prosthetic valves of patients with rheumatic 

cardiovascular disease. Heart rhythm was not defined for any in this series. 

There is no validated proof that aspirin or dipyridamole are of value in reducing the thromboembolic potential of tissue 

valve replacement. 

Resilience: Degeneration of glutaraldehyde-tanned bioprostheses has actually been minimal in reported mean follow-ups 

of approximately 6 hours 
(244,245)

 Nevertheless, recent information suggest a dramatically increased incidence of xenograft 

failure in between 5 and 7 years following implantation.
(233,246-248) 

Necropsy data assembled by Spray and Roberts 
(249) 
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exposed the presence of microscopic focal cusp interruption in 45% of cases studied, although gross cusp degeneration 

was only seen in 3 patients (17%). 2 of the three had mitral prostheses in place for 4.5 and 6.5 year each. Fibrin deposition 

on cusp out- circulation surfaces appeared to take place early, while accumulation of histiocytes and huge cells on cusp 

surface areas with focal invasion was a late incident. 

In vitro tiredness screening has actually likewise documented separation and fracture of the collagen bundles of 

glutaraldehyde treated tissue subjected to tension equivalent to 12 year of in vivo function
(250)

 Work by Barratt-Boyes
(251) 

and others recommends that prosthetic leaflet stiffening and changes in collagen architecture result in part from 

glutaraldehyde fixation of the bio prosthesis at brochure closing pressures of in between 4 and 100 mm Hg. In vitro 

assessment of tissue prostheses subjected to glutaraldehyde fixation at absolutely no pressure shows both hemodynamics 

and collagen microstructure that more closely approximate that of native valvular tissue,
(251,252) 

however confirmation of 

enhanced prosthetic survival time is doing not have. 

Multiple reports of early prosthetic calcification in children and young adults, in addition to patients with chronic renal 

failure have actually recently prevented making use of xenografts in these patient populations.
(253-260) 

The etiology of this 

phenome- non is unidentified, although current data recording infiltration of plasma cells and histiocytes into the 

prosthetic brochures of children with tissue valves suggest an immunologically moderated mechanism
.(261)

. 

Trace quantities of glutaraldehyde remaining in implanted valves have been shown to promote perivalvular leakage and 

thrombotic phenomena.
(230).

 

Endocarditis: Occurrence of late prosthetic endocarditis in patients with a porcine xenograft differs bit from that reported 

from mechanical values, averaging 1.1% per patient-year
.(233)

 However, the website of infection in the bio prosthesis 

seems mostly in fibrin deposits discovered on valve brochures rather than along the sewing ring as is the case with 

mechanical valves. This possibly accounts for the increased effectiveness of medical therapy in the treatment of 

bioprosthetic endocarditis observed by Rossiter.
(262) 

There is no apparent difference in the histologic discussion of 

prosthetic endocarditis between the porcine xenograft and the bovine pericardial bioprosthesis.
(263).

 

Although irregular mycobacteria have been reported in cultures of aortic wall that is customarily shipped with the 

commercially readily available porcine valve, there have just been two reported clinical cases of bioprosthetic 

endocarditis secondary to acid quick organisms
.(264,265). 

Anatomic suitability. Reference has been made formerly to the anatomic benefits of the porcine xenograft in contrast to 

the pericardial bio prosthesis in the mitral position. Spray and Roberts 
(249)

 have reported 3 instances in which positioning 

of among the struts of a mitral prosthetic flexible stent in the ventricular outflow system caused a low output syndrome 

and death. Compression of the aortic root by a big mitral bioprosthetic sewing ring has also been observed. 

In the aortic position, procine xenograft implantation has been reported to lead to both considerable compromise of aortic 

root size by struts and total occlusion of both coronary ostia by the struts of an improperly located prosthesis.
(249,266) 

 The 

Ionescu-Shiley valve, on the other hand, has been revealed to be especially appropriate for aortic valve replacement in 

patients with a small aortic root.
(267)

 Regardless of, its excellent hemodynamics must be weighed versus the technical 

problem of insertion of the Ionescu-Shiley prosthesis. This prosthesis is bulkier than the porcine xenograft and regularly 

requires the use of a pericardial gusset in the aortic root. 

8.   SUMMARY AND CONCLUSION 

There are a number of difficulties inherent in the analysis of such a big and diverse amount of information. In a significant 

variety of clinical trials, there is no significant effort made to examine prosthetic performance as a function of 

preoperative heart anatomy. Hemodynamics have actually not been methodically studied in relation to preexisting left 

ventricular size, shape, or setup, mitral annular orientation, or left atria1 size. Postoperative anticoagulation procedures 

differ from one institution to another and sometimes within study hall themselves. Less tangible variables such as change 

in surgical technique with time and differential familiarity of cardiovascular surgeons with the prostheses employed are 

persistent issues in any research study of this sort. Perhaps the greatest variable in assessing the postoperative 

performance of valvular prostheses over the past Twenty Years is the extreme improvement in methods of intraoperative 

myocardial preservation. Regardless of, contrasts are possible within the confines of specific requirements. 

The caged ball value remains in use after 20 years of clinical experience. It has sustained the greatest variety of 

adjustments, probably due to the fact that it has been the most extensively studied. Hemodynamics are adequate although 

its centrally blocked style is responsible for increased turbulence, hemolysis, and neointimal proliferation, particularly in 
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the aortic position. The device has actually been shown to be resilient with virtually no reports of ball variance since the 

modification of the silicone treating treatment in1965. Thromboembolic rates are acceptable in the anticoagulated patient 

while prosthetic thrombosis is not a severe hazard in the non-close clearance gadget. Occurrence of endocarditis is not 

particularly different from that related to all nonbioprosthetic valves, although there is a much greater published volume 

of clinical experience worrying acknowledgment and treatment of late prosthetic valve endocarditis in patients with caged 

ball valves than there is for other replacement gadget. Perhaps the most severe drawback to caged ball style is its size. Its 

big spatial requirements have actually resulted in anatomic complications in patients with small aortic roots, separated 

mitral stenosis, left ventricular hypertrophy, and double valve replacement, to name a few. Nonetheless, this is still the 

valve of choice in some centers. 

Caged disc design would seem the least appealing of all. It is definitely the most obstructive, particularly in the aortic 

position where it has actually been plainly shown to increase preexisting mitral insufficiency when implanted in patients 

with aortic regurgitation. Although the general incidence of thromboembolism is not particularly greater than that priced 

estimate for other mechanical valves, the potential for disastrous result in the existence of small prosthetic thrombi is 

higher. The occurrence and intensity of hemolysis is at least equal to that reported for the caged ball valve, while the 

occurrence of frank hemolytic anemia is higher in high circulation states. The incidence of degeneration prior to 

introduction of the pyrolytic carbon disc was extraordinary. Clinical experience with the toughness of the most current 

Beall prosthesis (design 106) stays limited. More than other changement valve, the caged disc appears vulnerable to any 

variety of anatomic or hemodynamic alterations, particularly in the mitral position. Disc cocking, and resultant prosthetic 

regurgitation has been often reported in association with prosthetic apoplexy, left ventricular hypertrophy, and aortic 

incompetence. 

Design of the tilting disc valve appears to overcome most of these problems. Hemodynamics are excellent if effectively 

positioned. Circulation characteristics throughout the St. Jude valve are most likely the very best of all, although 

substantially more clinical data is required, particularly on exercise. The valves are mostly proficient, show practically no 

considerable hemolysis, and have demonstrated remarkable resilience with rare exceptions (which might be attributed to 

implantation method). Reported anatomic complications have been very little and have actually often been a function of 

orientation of the orifice of the eccentric monocusp valve. Although thromboembolic episodes are irregular in the 

anticoagulated patient, the occurrence of deadly prosthetic apoplexy is considerable in the patient who ceases 

anticoagulation. Prosthetic endocarditis has been observed to promote the occurrence of valvular apoplexy, even in the 

existence of warfarin. 

The introduction of the glutaraldehyde-treated tissue valve solves some problems and develops others. The porcine 

xenograft appears variably obstructive at high circulation rates although this observation has actually not posed a 

significant problem. The valves are skilled, nonhemolytic, and essentially no thrombogenic. There is need to believe that 

late tissue valve endocarditis, although no less common than that connected with mechanical valves, may be more 

vulnerable to medical instead of surgical treatment. A clear risk of mycobacterial infection in association with the porcine 

xenograft has not been satanic force- striated. Couple of anatomic issues have actually been described although the 

pericardial bio prosthesis may be more suitable for aortic replacement as a result of its greater flow capability, while the 

porcine heterograft might be more appropriate in the mitral position because of anatomic factors to consider. All of these 

valves are bulkier than the tilting-disc prosthesis which may increase the technical trouble of insertion in some patients. 

Sturdiness remains the significant issue. Known incidence of early calcification and degeneration of the porcine valve in 

children and teenagers in addition to recent reports of increasing prosthetic degeneration 5-7 years following implantation 

would have the tendency to restrict making use of these prosthesis in specific patient populations. There is proof that 

prosthetic lifespan may be extended in some patients by an alteration in the valve closing pressure throughout 

glutaraldehyde fixation. 

In conclusion, it would seem that at present prosthetic innovation has mainly rendered the caged disc valve obsolete. 

Choices regarding which of the other replacement valves are most proper need to be made with respect to the individual 

patient and think about elements such as age, activity, medication compliance, tolerance and relative safety of 

anticoagulation, psychologic status, associated disease entities, practical cardiac anatomy, and the experience of the 

operating surgeon. 

The authors gratefully acknowledge Michael le porta of Merck, Sharp and Dohme for his vital aid in evaluation of the 

literature, and Kathleen Thomas for her patient and skilled help in the preparation of the manuscript. 
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APPENDIX - A 

List of Table: 

Table 1: Brief Chronology of Prosthetic valve Development 

1953 Hufnagel Caged ball valve Descending aorta 

1956 Murray Tissue valve homograft Descending aorta 

1962 Harken 

Starr 

Caged ball valve 

Caged ball valve 

AVR* 

MVR* 

1965 Ross 

Duran 

Gunning 

Barratt-Boyes 

Tissue valve homograft AVR 

1966 Smeloff Double cage ball valve AVR AND MVR 

1967 Wada 

Bjork 

Tilting dics valve AVR AND MVR 

1971 Braunwald Cloth-Covered caged ball valve NVR 

1977 Hall Rod-huige tilting dics valve  AVR 

l AVR = aortic valve replacement valve replacement ( Subcoronary ) ; MVR = mitral valve replacment . 
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Table 2: Characteristics of a good prosthetic cardiac Valve 

Good hemodynamic characteristics  

        (non-obstructive) 

      (Competent) 

Nonthrombogenic  

Does not generate 

Does not significantly alter blood components 

Can be inserted without undue difficulty  

Does not disturb the patient  

A low incidence and diminished severity of late prosthetic endocarditis 

Anatomic suitability of the valve to its implanted location 

Table 3: Prosthetic Valve Hemodynamics Mitral Position 

Valve No. Subjects studied  invetigator Rest                   Exercise 

Starr-Edwards 6120 20 Winter et al . 
96

 5.2 

Star-edwards 6300 12 Kloster et al.
 95

 9.4 

Star-edwards 6310 21 Winter et al. 
96 

 5.4 

Star-edwards 6310 6 Hodam et al.
143

 4.9 

Smeloff-cutter  7 Hawe et al.
143

 6                                       

12 

Smeloff-cutter 8 McHenry et al.
83

 6                                       

15 

Braunwald-cutter 8 O‟Rourke et al.
96

 4.8 

 


