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SUMMARY An Alvarez disc valve prosthesis had been implanted in the mitral and tricuspid positions
in 15 patients between 1964 and 1967 in this hospital. Of these 15 patients, only three survived
longer than 10 years, all three dying unexpectedly between 16 and 18 years postoperatively. Two
deaths were a direct result of disruption of the Alvarez prosthesis. The third patient was not

examined at necropsy, but in retrospect the history was highly suggestive of valve malfunction.
Cross sectional and pulsed Doppler echocardiography made valuable contributions to the diagnosis
in both cases of valve disruption and, when available, should be part of the primary investigation of
suspected prosthetic heart valve failure.
The Alvarez valve prosthesis is liable to erosive wear which may cause late detachment of the disc

from the valve ring with abrupt and catastrophic haemodynamic consequences.

The Alvarez disc valve prosthesis, made of poly-
propylene, was developed at the Experimental Surgi-
cal Unit at the Postgraduate Medical School, London,
in the early 1960s. ' It was first introduced into clinical
use in 1964. Fifteen of these prostheses were
implanted at Killingbeck Hospital between 1964 and
1967,2 seven in the mitral position and eight in the
tricuspid position. One valve in the tricuspid position
was replaced by a different prosthesis after the
development of paraprosthetic leak, and two patients
died perioperatively. Of the 12 remaining patients,
nine died within five years of operation (without evi-
dence of valve failure) and three survived longer than
10 years. One of these three patients died after a 48
hour pyrexial illness in 1983 and the other two died in
1984 as a direct result of mechanical failure of the
Alvarez prosthesis. In these two patients the valve
disc had become detached from the valve ring owing
to erosion of the polypropylene disc struts.
Use of the Alvarez prosthesis was abandoned at this

hospital in 1967 because of the high incidence (62- 1%)
of thromboembolic complications reported when the
prosthesis was used in the mitral position.3
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Patients and methods

CASE REPORTS
Case 1
A 61 year old man was admitted for investigation of
jaundice and hepatomegaly. Eighteen years previ-
ously he had undergone aortic, mitral, and tricuspid
valve replacements for rheumatic valve disease with a
No 10 Starr-Edwards, a No 3 Starr-Edwards, and a
2-25 cm Alvarez prosthesis respectively. Initial inves-
tigation suggested cholelithiasis. During induction of
anaesthesia before cholecystectomy he suffered a car-
diac arrest, from which he made a good recovery, but
after this he found his exercise tolerance had deterior-
ated. He was readmitted at a later date, and endo-
scopic retrograde cannulation of the pancreatic duct
and a sphincterotomy were performed under antibio-
tic cover. After this procedure he became pyrexial and
increasingly icteric, with signs of worsening right
heart failure and a low cardiac output. The chest
radiograph showed gross cardiomegaly and the elec-
trocardiogram widespread repolarisation changes.
Echocardiography showed moderately impaired left
ventricular function, with a dilated and poorly con-
tracting right ventricle. The aortic and mitral Starr-
Edwards prosthetic valves appeared normal, but the
tricuspid valve disc was not visible. Pulsed Doppler
echocardiography showed very high blood velocities
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across the tricuspid valve (Fig. la) and no prosthetic
valve clicks were detected, strongly suggesting valve
malfunction. Despite intensive supportive therapy,
the patient died two days later.
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Fig. 1 Pulsed Doppkr echocardiograms of(a) right ventriular
inflow in case I showing abnormaly increased peak velocity with
aliasing above 100 cm/s, approximately twice the normal value;
and(b) kft ventricular inflow in case 2 showing a bizarre pattern
with multipk abnormal velocity waves (anrowed) due to the
chaotic motion of the valve disc within the left ventricle.

At necropsy the heart was found to be considerably
enlarged. When the right lung was removed the disc
of the Alvarez tricuspid valve was found to lie in the
right pulmonary artery. The valve ring had remained
in the tricuspid position. The mitral and aortic pros-
theses appeared to be normal. Closer examination of
the Alvarez prosthesis showed considerable areas of
wear (Fig. 2), particularly of the disc struts, which
had been worn down to a shark's tooth appearance
and were considerably diminished in size, allowing
the disc to displace freely from its ring. The ring itself
was also worn in the area of contact with the strut.
There were multiple pigment stones in the gall blad-
der, and the liver showed severe cardiac cirrhosis.

Case 2
A 56 year old woman suffered a cardiac arrest on the
way to hospital, having become acutely and severely

dyspnoeic. A prolonged resuscitation procedure
resulted in restoration of cardiac output followed by
status epilepticus. Sixteen years earlier she had
undergone mitral valve replacement with a 2-25 cm
Alvarez prosthesis for rheumatic valve disease.

Examination of the cardiovascular system showed
pronounced hypotension, a hyperdynamic left ven-
tricular impulse, loud prosthetic valve clicks, and a
soft systolic murmur audible at the left sternal edge.
The chest radiograph showed gross cardiomegaly with
pulmonary oedema and the electrocardiogram a
bizarre cardiac rhythm. Echocardiography showed a
well contracting, hypertrophied left ventricle which
contained a freely moving echo dense object (Fig. 3).
This appeared to merge with the mitral valve ring in
systole and to move rapidly to the apex of the ventricle
in diastole. Doppler echocardiography produced high
pitched squeaking sounds in place of the usual
prosthetic valve clicks and showed a bizarre flow vel-
ocity pattern in the left ventricular inflow tract (Fig.
lb). A diagnosis of mechanical prosthetic valve failure
was made, but the patient failed to show any sign of
cerebral recovery. Her condition rapidly deteriorated
and she died 24 hours later.
At necropsy the valve disc was found to be lying in

the valve ring but with the struts in an abnormal posi-
tion. When the heart was lifted up the disc fell freely
into the left ventricular cavity, returning to its previ-
ous position when the heart was inverted. As in the
patient in case 1 the prosthesis showed signs of
advanced erosion of the disc struts, which again were
sharpened and greatly reduced in size, allowing the
disc to move freely in and out of the valve ring. The
disc also showed considerable wear at its point of
diastolic contact with the ring, which could well have
produced prosthetic leakage. The valve ring itself was
worn in a similar fashion to that in the first patient
(case 1) in the area of contact with the disc struts
(Fig. 4).

Case 3
A 44 year old man, who had undergone mitral (Starr-
Edwards) and tricuspid (Alvarez) valve replacement
in 1967, was admitted to his local hospital having
become suddenly unwell with diarrhoea, pyrexia, and
confusion. He was found to have a severely raised
jugular venous pressure and Gram positive bac-
teraemia. Despite an initial apparent improvement
after antibiotic treatment, he developed disseminated
intravascular coagulopathy and suffered a cardiac
arrest from which he did not recover. Unfortunately,
a necropsy was not performed. The short history pre-
ceding death had similarities with that in the patient
in case 1, and retrospective review of the case records
showed that the pronounced increase in jugular ven-
ous pressure had not been present at a recent out-
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Fig. 2 (a) The valve disc and ring in case I showing the areas ofwear (aroed), which allowed dte disc to displce. The rng is
worn at the site ofcontact unth the retainng struts ofthe disc, which are dmelves badly eroded. (b) The areas ofdisc wear are seen
more clearly in profile. The extent ofwear is emphasised by comparson with an umnused Alvarez prosthesis ((c) and (d)).

Fig. 3 Cross setiona echocardogrm in dt apicalfour
chamber view in case 2 showing the echo dense valve disc eYing
withn the kft venicular cavuy (LV).

patient assessment. Without postmortem information
there can be no proof of prosthetic valve disruption

causing this patient's unexpected death, but there is a
strong possibility that this was the case.

Discussion

Diagnosis of prosthetic valve mechanical failure may
be difficult. Muffled or absent prosthetic clicks may
be a valuable indicator of valve malfunction,46 and
particular emphasis has been placed on the impor-
tance of the opening sound of the Starr-Edwards pros-
thesis in the aortic position.7 Phonocardiography may
be useful in detecting more subtle changes in prosthe-
tic sounds.8 Echocardiographic assessment of
prosthetic ball9 or disc'0 motion may provide useful
information, particularly in valve obstruction, and
assessment of left ventricular function can help to
exclude poor myocardial contraction as a cause of
diminished click volume."' Nevertheless, even when
these techniques together with fluoroscopic screening
of the valve are used, discernible abnormalities may
occur only when damage to the prosthesis is well
advanced.7 12
Our second patient (case 2) is the first reported in

whom the valve clicks were increased rather than
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(.)
Fig. 4 Morphological appearance oftheprosthetic valve removedfrom case 2. (a) The disc has been replaced in its correctposition in
the valve ring. The ring itself has worn (arrows) considerably more than that in case 1. (b) shows the extent of strut erosion (arrows).

diminished despite complete separation of the disc
from the valve ring. This was undoubtedly due to the
continued movement of the disc within the left ven-
tricular cavity. The disc struts, which are an integral
part of the disc, probably prevented it from being
ejected from the heart. Valve clicks were, however,
absent in two reported cases in which the Bjork-Shiley
discs remained within the left ventricle5 and the left
atriuml3 after valve disruption, despite the discs lying
free within the heart cavities at the time of emergency
reoperation.

In two of our patients (cases 1 and 2) cross sectional
and pulsed Doppler echocardiography made impor-
tant contributions to the diagnosis. Doppler may pro-
vide useful information on prosthetic valve obstruc-
tion and paraprosthetic leak in aortic,'4 mitral,'5 16
and tricuspid" positions; our first two cases indicate
that it may also be-invaluable in the diagnosis of valve
disruption. We now regard both these investigations
as an essential part of evaluation of prosthetic valve
malfunction.
There can be no doubt that immediate valve

replacement is the only effective treatment for valve
disruption.4-7 11 12 Neither of our first two patients
underwent repeat surgery as one (case 1) was
septicaemic and in hepatic and renal failure and the
diagnosis was uncertain; the other (case 2) failed to
show evidence of-recovery of cerebral function after
her prolonged resuscitation procedure.
The most common cause of embolisation of

prosthetic valve discs is fracture of either the disc
struts or the disc itself. Both major strut4 13 and minor
strut5 6 18 fracture of the Bjork-Shiley prosthesis with
resulting disc embolisation have been reported, but
there was little evidence of disc wear in these cases.
Even the current pyrolitic carbon discs may frac-

ture,19 and signs of very early disc burnishing have
been reported in valves even after a few hours in
patients who died on the operating table.20 Neverthe-
less, the clinical performance of the Bjork-Shiley
valve has been excellent overall, and Clark et al found
only minimal signs of valve wear after 973 million
cycles of accelerated fatigue testing.21 Titanium valve
struts may also be liable to wear in the DeBakey ball
valve.22 In contrast, Alvarez valve_ disruption in two
of our patients (cases 1 and 2) occurred after approxi-
mately 600 million cycles, by which time very
advanced wear was apparent.

Plastics might logically be expected to undergo
more wear than harder materials such as pyrolite, and
published reports support this. Severe wear of the
Teflon disc of a Wada-Cutter valve may also occur
with remarkably similar findings to those in our
cases.23 The Beall valve Teflon disc has also been
shown to undergo excessive wear in both its early and
later strengthened forms.24 25

CONCLUSIONS
The Alvarez disc valve is subject to severe wear,
which may lead to valve disruption after approxi-
mately five to six hundred million cardiac cycles. -We
strongly recommend that any patient with an Alvarez
prosthesis be offered valve replacement.

Plastics such as polypropylene.and Teflon show
signs of wear much earlier than pyrolite and titanium
and are therefore unsuitable materials for the con-

struction of prosthetic valve discs in their present
forms. Prolonged in vitro accelerated fatigue testing
may be necessary before serious wear is detected.
The early diagnosis of prosthetic valve disruption is

essential if the patient is to survive and may be greatly
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assisted by cross sectional and pulsed Doppler
echocardiography.

We thank Mr Duncan Walker for permission to
report case 2, Dr B Lynch for performing the post-
mortem examination of case 1, and Dr S Apparacio
for performing the postmortem examination of case 2.

JLG, GAD, AS, and LMG are supported by the
National Heart Research Fund.
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