Prosthetic Valves: An Update
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“Patients who have undergone valve replacement are not cured but still have serious
heart disease. They have exchanged native valve disease for prosthetic valve disease and

must be followed with the same care as patients with native valve disease.” 1
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The first prosthetic valve surgery was performed by Hufnagel in 1952 2 and the first

successful valve replacements were performed in 1960. 3 45 Substantial improvements
have been made in valve design and technology over the last several decades and
currently there is a broad variety of prostheses available for the cardiac surgeon to
implant. For the primary care physician who is responsible for the long-term care of the
patient, it is important have a basic understanding of the types of prostheses that they may
encounter, an understanding of the anticoagulation requirements of the various
prostheses, and a knowledge of the various complications and management issues that
may arise in these patients. The purpose of this review is to provide the primary care
provider with the basic information required to optimally manage patients with prosthetic
valves.

Mechanical versus Biologic prostheses:

Heart valve prostheses may be mechanical (with a rigid, man-made occluder) or biologic
in origin (derived from either animal or human tissue). In general, the major differences
between mechanical and biologic valves are thrombogenicity and durability. Mechanical
prostheses are highly thrombogenic and require chronic anticoagulation to minimize the

risk of valve thrombosis and thromboembolic complications. © 7 However, durability of
mechanical prostheses is excellent with structural failure occurring uncommonly. In
contrast, biologic prostheses are less thrombogenic and usually do not require long-term
anticoagulation but the life-span of biologic prostheses is limited due to structural
deterioration. These major differences between mechanical and biologic prostheses were

illustrated by two prospective randomized trials - the Edinburgh Heart Valve Trial 8 and

the VA Cooperative Study on Valvular Heart Disease. 9 Both were prospective trials
which randomized patients to receive either a tilting disk mechanical prosthesis (Bjork-
Shiley valve) or a porcine bioprosthesis. Patients were followed for an average of 12
years in the Edinburgh trial and for 11 years in the VA study. Using life-table analyses,
12-year event rates were calculated for the VA ftrial and the 12-year event rates for valve
complications were compared between the VA trial and the Edinburgh trial (figure 1). In
both trials, there was no difference in the incidence of embolic events or endocarditis. As
expected, bleeding complications were significantly more common in patients with
mechanical valves and reoperation for structural valve deterioration was much more
common in patients with biologic valves. Although neither trial was able to demonstrate
a clear difference in long-term survival between recipients of a mechanical versus a
porcine bioprosthesis, the Edinburgh trial did demonstrate improved survival with a
mechanical prosthesis in the subgroup of patients receiving a mitral prosthesis while the
VA trial demonstrated a small survival benefit among the subgroup of patients receiving
an aortic prosthesis.



Figure 1. Event Rates at 12 years in the Veterans Affairs Cooperative Study on Valvular
Heart Disease (VA) and the Edinburgh Heart Valve Trial (EHVT).
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A review of the various types of prosthetic valves:

The earliest prostheses to be designed for human implantation were the ball and cage
valves. The most popular and durable of these valves were the Starr Edwards valves
which have undergone multiple modifications over the years but are still in use today.
Over 200,000 of these valves have been implanted. With the current version, the ball is
made of a silicone, rubber polymer impregnated with barium sulfate. In an earlier
version of the valve, the occluder ball was made of silastic. Unfortunately, this material
was prone to lipid infiltration which would cause the ball to swell and crack (a
complication was known as “ball variance”). Thrombus could form on the damaged
surface of the ball and embolization of either thrombus or a piece of the ball could occur.
Ball variance is not a problem with the current version of the Starr Edwards valve. With
over 40 years of experience, no cases of cage fracture have been reported. Because of its
design, the valve is inherently obstructive, especially in smaller sizes. Transvalvular
gradients are higher with ball and cage valves than with tilting disk valves, although the

hemodynamic performance is usually satisfactory. 10 11

Disk valves were the next valve design to be developed. Initially, a central disk occluder
which occillated up and down within a cage (like a manhole cover) was tried but these



valves were found to be very obstructive and thrombogenic and were soon abandoned.
Tilting disk valves use a circular disk held in position by struts. The disk pivots on or
within the struts and opens and closes much like a toilet seat. Bjork-Shiley introduced

the first successful version of a tilting disk valve in 1969. 12 A variety of modifications
to the Bjork-Shiley prosthesis have been made and approximately 360,000 valves have
been implanted. A specific model, the convexo-concave valve, was introduced in 1976
and was subsequently found in the early 1980’s to be prone to fracture of one of the valve
struts which would result in embolization of the disk. The risk of this catastrophic
complication is quite low (ranging from 0.02% to 0.29% per year), depending on
prosthesis size. All Bjork-Shiley convexo-concave valves were withdrawn from the
market in 1986 and extensive guidelines were developed for prophylactic valve

replacement. 13 In general, larger convexo-concave prostheses (31 or 33mm) and those
in the mitral position appear to be more prone to strut fracture. In addition, the company
has identified certain specifics regarding valve manufacture (welding date, welder
identity, etc.) that can be used to further assess risk. Using valve size, valve position,
patient age and the specifics of the valve manufacturing, a risk calculation is made in

order to determine whether or not prophylactic valve replacement is recommended. 14
Chest x-ray and fluoroscopy play an important role in following patients with this type of
prosthesis as partial strut separation may be identified, indicating a patient at high risk for

valve failure. 15 Other tilting disk valves remain on the market, including the Medtronic
Hall valve, the Omniscience valve, and the Monostrut valve. No structural valve failures
have been described for these prostheses.

The bileaflet prosthesis was first introduced by St. Jude Medical in 1977 and is an
extremely popular prosthesis with over >600,000 valves implanted. The Duromedics and
Carbomedics valves are newer versions of the bileaflet prosthesis with minor
modifications. In general, bileaflet mechanical prostheses are less obstructive than other
types of mechanical prostheses and have a somewhat lower thrombogenic potential.

Prior to this year, structural failures of the St. Jude prosthesis had not been reported. 16

17 18 19 n 1997, St. Jude Medical released a new valve series (the Master mechanical
heart valve with silzone) which incorporated elemental silver into the sewing cuff of the
prosthesis. It was hypothesized that the silzone coating would decrease the incidence of
prosthetic valve endocarditis and a randomized trial (the AVERT trial -Artificial Valve
Endocarditis Reduction Trial) was undertaken to compare silzone-coated versus standard
St. Jude valves. Based on preliminary results from this trial, the Data and Safety
Monitoring Board recommended in January of this year that the trial be stopped due to an
increased incidence of paravalvular regurgitation in patients who had received a Silzone-
coated product. St. Jude Medical initiated a voluntary recall of Silzone-coated products at

that time. 20 In the AVERT trial, a total of 398 patients had received a Silzone-coated
prosthesis and paravalular leaks were seen in 11 patients (2.76%) with 8 of those patients
(2.01%) requiring valve explant and replacement for the leak. In contrast, among 394
patients receiving a conventional St. Jude prosthesis, 4 patients (1.02%) were found to
have a paravalvular leak and only 1 patient (0.25% of the total group) required valve
explant. Currently, there is insufficient data to identify a specific subset of patients who
are at risk for developing paravalvular leaks. It is recommended that patients who have



received a Silzone-coated prosthesis have standard follow-up with special attention to
careful auscultation and identification of cardiac symptoms. Routine echocardiograms
are not recommended but should be obtained if the physical examination is abnormal or if

the patient has cardiac symptoms. 20

Table 1. Common mechanical prosthetic valves in the United States
Ball and cage prostheses Starr-Edwards
Tilting disk valves Bjork-Shiley (no longer available)
Medtronic Hall
Omniscience
Bileaflet valves St. Jude
CarboMedics

The term bioprosthesis refers to animal or human tissue used for valve replacement.

Porcine heterografts have been used since the late 1960’s. 21  Traditionally, porcine
aortic valves are harvested and preserved in glutaraldehyde, then mounted on stents to
support the leaflets and attached to a sewing ring. The glutaraldehyde preservation
sterilizes the tissue, destroys antigenicity, and stabilizes the collagen cross-links,
providing for a more durable valve. However, the glutaraldehyde preservation also
generates free aldehyde groups on the leaflet surfaces which bind circulating calcium,
particularly at points of maximal stress. This process is known as dystrophic calcification

and is responsible for the limited lifespan of these prostheses. 22 23 On average, 30% of

porcine valves will fail within 10-15 years of implant. 24 25 1n the Edinburgh Heart
Valve Trial, the reoperation rate for structural failure of bioprostheses was 37.1% at 12
years and the reoperation rate was substantially higher for valves in the mitral position

(43.1%) than for the aortic position (22.6%). 8 In the VA Cooperative Trial, the
structural failure rate for porcine valves in the mitral position was 47% at 11 years and

was 15% for valves in the aortic position. 9 Structural failure appears to occur much
more rapidly in younger patients, with a very high failure rate in patients under the age of

35.26 Interestingly, when these valves are used in older patients (greater than age 60-70),
the rate of structural deterioration is much slower with only 10% valve failure rate at 10

to 15 years. 27 28 Despite their limited lifespan, the valves remain quite popular. The
tremendous advantage of these prostheses (as compared with mechanical prostheses) is
that they are much less thrombogenic and, in general, anticoagulation is not required.

The stent material in traditional porcine heterografts (made of plastic or metal) provides
some degree of obstruction to blood flow, making these valves somewhat obstructive.
More recently, stentless porcine valves have been designed and approved for use. These
valves consist of the complete porcine aortic root which is implanted either in place of
the patient’s own aortic root or placed inside the patient’s native aorta. These
implantation techniques are more difficult and time-consuming than for traditional
porcine heterografts. However, these stentless valves appear to have excellent

hemodynamics. Data on durability is limited. 2930



Bioprosthetic valves may be fashioned from pericardial tissue. The Ionescu-Shiley valve
was made of bovine pericardium but had a very high failure rate with some valves lasting

as little as six years. 31 This valve was taken off of the market and many surgeons have
been reluctant to consider pericardial valves. However, the failure of the Ionescu-Shiley
valve appears to have been related to the mechanical design of the valve rather than the
unsuitability of bovine pericardium. The Carpentier-Edwards bovine pericardial valve is
now available with a different structural design and appears to have excellent

hemodynamics, especially in small prosthesis sizes. 32 tis becoming a popular valve
option for patients with small aortic roots. Freedom from structural valve deterioration at

10 years after aortic valve replacement ranges from 87-91% 33 34 while freedom from
structural deterioration in the mitral position is lower (48%). 35

Human valves can also be used for valve replacement. Homograft valves are harvested
from autopsy or donor hearts and can be implanted in either the aortic or pulmonary
position. Harvest and preservation techniques vary but, in the United States, valves are
cryopreserved and stored in liquid nitrogen with low-dose antibiotics. The valve is
thawed and prepared in the operating room just prior to implant. Fresh, unpreserved
homografts (so-called homovital grafts) have also been used (stored in tissue culture

medium and used within three days).36 In theory, fibroblasts in the cryopreserved valve
leaflets can remain viable, allowing for potential growth of the valve. However, the
persistence of viable cells within the homograft causes expression of major
histocompatibility antigens and a humoral immune response can be demonstrated in some
patients with homografts. The long-term consequences of this immune response are

unknown. 37 These valves are more technically difficult to implant compared to
mechanical prostheses and stented porcine valves. Also, the valve size must be
determined prior to surgery (usually by echocardiography) and, because of limited
supply, an appropriate sized valve may not be available when needed. Homograft
longevity has been somewhat disappointing as these valves also develop structural
deterioration over time. In the largest and longest series (from Prince Charles Hospital in
Brisbane, Australia), actuarial survival rates were 77% at 10 years and 45% at 20 years.

Freedom from valve dysfunction requiring reoperation was 69% at 15 years. 38

The Ross procedure is another option for using a human valve for aortic valve
replacement. Ross first described autotransplantation of a patient’s own pulmonary valve
to the aortic position with subsequent replacement of the pulmonic valve with a

homograft in 1967. 39 This so-called Ross procedure has become increasing popular
although the operation is technically much more demanding (requiring two valve

replacements) than a standard aortic valve replacement. 40 In Ross’s original series of
patients, survival was 85% at 10 years and 61% at 20 years after surgery with freedom
from autograft replacement 88% at 10 years and 75% at 20 years. Freedom from

replacement of the pulmonary valve was 89% at 10 years and 80% at 20 years. 41



Table 2. Common bioprosthetic valves in the United States
Porcine heterografts

Stented Hancock
Carpentier-Edwards
Stentless St. Jude Toronto stentless valve
Medtronic Hall Free Style stentless
Bovine Pericardial valves Ionescu-Shiley (no longer available)
Carpentier-Edwards pericardial valves
Human tissue cryopreserved homografts (aortic/pulmonary)

allografts (patient’s own valve)

While the number of available prosthetic valves continues to expand, surgical techniques
for valve repair have also evolved. In general, valve repair is preferrable to valve
replacement when feasible as there is a lower operative mortality, lower risk of
thromboembolism, better preservation of left ventricular geometry and function, and a

potentially lower risk of endocarditis. 42

In summary, for patients requiring aortic valve surgery there are multiple options
including mechanical valves (either tilting disk or bileaflet prostheses), traditional
porcine heterografts or the newer stentless porcine valves, bovine pericardial valves,
aortic homografts, or the Ross procedure. In some cases, aortic valve repair may be an

option. In the mitral position, valve repair should always be considered.42 For those
patients requiring a mitral prosthesis, options include a mechanical valve (tilting disk or
bileaflet) or a stented porcine heterograft. Current pericardial valves offer no advantage
over traditional porcine valves in the mitral position. Mitral homografts and stentless
pericardial quadricuspid valves are currently under development and may expand the
options for mitral valve replacement in the future.

What type of prosthesis does my patient have?

Identification of the type of prosthesis that a patient has is critical for the long-term
management of the patient. Patients are given an identification card at the time of the
valve surgery which specifies the prosthesis type, size, model number, and date of
implant. When available, the operative report can also provide this information. When
asked, patients usually know whether they have a “pig valve” or a “metal valve” and
may be able to provide further specifics regarding the valve type. On physical
examination, biologic valves are often indistinguishable from native valves whereas
mechanical prostheses have audible closing (and sometimes opening) sounds as long as
the valve is functioning normally. As all prosthetic valves are inherently stenotic, flow
across the valve is frequently associated with a flow murmur, especially in the aortic
position. While some mechanical prostheses allow for trivial amounts of regurgitation
through the valve, an audible murmur of mitral or aortic regurgitation is always
abnormal. Normal and abnormal auscultatory findings for common valve types have

been reviewed and are demonstrated in figure 2. 43 44 A chest x-ray may be useful in




determining the location and possibly the type of prosthesis 45 46 47 although many
prostheses are radiolucent (including older St. Jude bileaflet valves, stentless procine
valves, and homografts). By echocardiography, the location of the prosthesis can be

determined and biologic versus mechanical valves can be easily differentiated. 48

Figure 2. Normal and abnormal auscultatory findings for common prosthetic valves.
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Management of anticoagulation for prosthetic valves.

Several organizations have issued guidelines for the management of anticoagulation for
prosthetic valves, including The American College of Chest Physicians and the American
College of Cardiology and the American Heart Association Joint Committee. The Fifth

ACCP Consensus Conference on Antithrombotic Therapy 49 and the ACC/AHA
Guidelines for the Management of Patients with Valvular Heart Disease | were both
published in 1998 and, while there is substantial agreement between these standards,
there is some variation in the recommendations. Both recommendations are listed below
in tabular form (tables 3 and 4).



Table 3. Recommendations for antithrombotic therapy with prosthetic valves — 5t ACCP
Consensus Conference Guidelines 49

Mechanical Prosthetic Heart Valves

1. For bileaflet mechanical valves in the aortic position without associated risk factors
for thromboembolism, the goal is an INR of 2.5 (range 2.0 to 3.0).

2. For all other patients with mechanical valves, the goal is an INR of 3.0 (range of 2.5
to 3.5). Add aspirin (80-100mg/day) for ball and cage valves.

3. Any patient with additional risk factors for thromboembolism (atrial fibrillation, LA
thrombus at surgery, h/o systemic embolic event, LV dysfunction), use aspirin
81mg/day in addition to warfarin.

Bioprosthetic Heart Valves

1. Give antlcoagulatlon for 3 months after valve 1mplant goal is INR of 2.5 (range 2.0
to 3.0), then aspirin 162mg/day if no risk factors.

2. For patients with risk factors (atrial fibrillation, LA thrombus at surgery, h/o systemic
embolic event, LV dysfunction) continue warfarin at same level.

Table 4. Recommendations for antithrombotic therapy for prosthetic valves — ACC/AHA
guidelines 1

1. First 3 months after valve replacement Warfarin, INR 2.5 to 3.5
2. > 3 months after valve replacement
Mechanical valve
AVR and no risk factor
Bileaflet or Medtronic Hall Warfarin, INR 2.0 to 3.0
Other disk valves or ball-cage =~ Warfarin, INR 2.5 to 3.5

AVR and risk factor* Warfarin, INR 2.5 to 3.5

MVR Warfarin, INR 2.5 to 3.5
Bioprosthesis

AVR and no risk factor* ASA, 80-100mg/day

AVR and risk factor* Warfarin, INR 2.0 to 3.0

MVR and no risk factor* ASA, 80-100mg/day

MVR and risk factor Warfarin, INR 2.5 to 3.5

*Risk factors: atrial fibrillation, h/o systemic embolism,

While lower thrombogenicity is one of the major advantages of bioprostheses, there is
still a risk of thromboembolism which appears to be highest in the first 3 months after

valve implant. 50 51 For this reason, it is recommended that all patients with a
bioprosthetic valve receive anticoagulation for the first 3 months after implant. This
appears to be most important for valves in the mitral position and may not be required for

valves implanted in the aortic position. 52 After 3 months, the tissue valve is considered
to be fully endothelialized and anticoagulation can usually be discontinued. Therapy
with aspirin is recommended. Some patients with bioprostheses remain at risk for
embolic events and should remain on chronic anticoagulation. These include patients




with atrial fibrillation, a history of a systemic embolic event, a known hypercoagulable
state, the presence of LA thrombus at the time of surgery, and those with severe left
ventricular dysfunction.

For patients with mechanical prostheses, life-long anticoagulation is required. The
intensity of anticoagulation depends on the prosthesis type and location, as well as the
presence of other risk factors. 23 The level of anticoagulation should be adequate to
effectively prevent thromboembolism without causing excessive bleeding. 54 In a large
series of patients with mechanical valves, Cannegieter et al demonstrated that the optimal
intensity of anticoagulation for patients with mechanical prosthetic valves was an INR
between 2.5 and 4.9. 93 Increasing age, the presence of multiple prostheses, and the
presence of a ball and cage valve were all associated with a higher incidence of adverse
events. Recommendations vary but, in general, the target INR for mechanical prostheses
should be between 2.5 and 3.5. For bileaflet valves and Medtronic Hall valves in the
aortic position, an INR of 2.0 to 3.0 is acceptable 55565758 59 puta higher INR (2.5 to
3.5) is required for other types of tilting disk valves. Even higher levels of

anticoagulation may be required for ball and cage prostheses. 3

Despite appropriate anticoagulation, patients with prosthetic valves may experience
thromboembolic events (event rate of approximately 1-2% per year for mechanical

prostheses, <1% per year for bioprotheses). 8 9 1 The dosage and intensity of
anticoagulation should be increased (see table 5). The addition of aspirin therapy to
warfarin therapy has been shown to reduce thromboembolic events as well as reducing

mortality, 60 56 61 62 In most studies, there was also an increased risk of bleeding.
When low-dose aspirin (100mg/day) was used, the risk of major gastrointestinal bleeding

was reduced. 00 Dipyridamole may be effective as well but has not been shown to be
superior to aspirin.

Table 5. Management of thromboembolic events during antithrombotic therapy—
ACC/AHA guidelines 1

1. For patients on Warfarin, INR 2.0 to 3.0 Increase INR to 2.5 to 3.5

2. For patients on Warfarin, INR 2.5 to 3.5 May increase INR to 3.5 to 4.5

3. For patients not on aspirin Add ASA 80-100mg/day

4. For patients on Warfarin + ASA (80-100mg/day) = May increase ASA to 325mg/day
5. For patients on ASA alone Increase ASA to 325mg/day +/or

add Warfarin, INR 2.0 to 3.0

Interruption of anticoagulation.
Management of the anticoagulated patient undergoing dental treatment has been
somewhat controversial in the past. A recent review of the available literature was

performed by Wahl in 1998. 63 He identified reports of 2014 dental surgeries in 774
patients on chronic anticoagulation therapy. Surgical procedures included single and




multiple simple extractions, surgical extractions, alveoectomies, and other surgical
procedures. Despite the fact that many patients had INR levels above the currently
recommended ranges, more than 98% of patients had no serious bleeding problems.
Twelve patients (<2%) had post-operative bleeding problems; 5 of these had
supratherapeutic INR levels. Wahl also identified reports of 542 dental surgical
procedures in 493 patients in whom anticoagulation was interrupted specifically for the
dental procedure. Serious embolic complications (including 4 deaths) occurred in 0.9%
of patients. Therefore, dental authorities (including the American Dental Association)
state that dental surgery can be performed with minimal risk at or above therapeutic

levels of anticoagulation. 04 Local measures to improve hemostasis should be used when
needed, including application of local pressure, gelatin sponges, topical thrombin,
additional sutures, electrocautery and possibly antifibrinolytic mouthwashes. In addition,
more extensive surgical procedures can often be divided into several separate, smaller
procedures to minimize the bleeding risk. Thus, anticoagulation should not be withheld
or the level of intensity decreased for dental surgical procedures.

The management of patients undergoing elective surgical procedures is somewhat more
complicated. For most surgical procedures, the risk of bleeding in an anticoagulated
patient is substantial and reversal of anticoagulation is necessary to avoid undue risk to
the patient. However, interruption of anticoagulation places the patient at increased risk
of thromboembolism. Thus, the optimal management of antithrombotic therapy involves
balancing the risk of bleeding in the perioperative period with the short-term risk of valve
thrombosis and thromboembolism during the period when the level of anticoagulation is
subtherapeutic. In situations where the risk of bleeding is miminal (i.e. skin or eye
surgery) anticoagulation need not be altered. However, for most surgical procedures,
anticoagulation must be stopped. Traditionally, this was accomplished by stopping
warfarin and allowing the INR to fall. When the INR became subtherapuetic, the patient
was hospitalized and placed on intravenous heparin until shortly before surgery. Surgery
was performed in the unanticoagulated patient and heparin was resumed as soon as
possible in the postoperative period and continued until the patient was restarted on

warfarin and had achieved a therapeutic protime/INR. 65  However, the cost-

effectiveness of this approach has been questioned. 66 67 Kearon and Hirsh performed a
risk/benefit analysis of perioperative management of anticoagulation for patients with
prosthetic valves and compared an “aggressive strategy” in which IV heparin was given
for 2 days preoperatively (while the INR is decreasing) and 2 days postoperatively as
compared to a “minimalist strategy” of no heparin (withholding warfarin for 4 days
preoperatively and restarting warfarin after surgery, assuming a total of 4 days of

subtherapeutic protimes). 68 They predicted that the aggressive strategy would prevent 3
thromboembolic events per 10,000 patients treated while causing 300 episodes of major
bleeding per 10,000 patients treated and causing death or significant disability in 12 per
10,000 patients treated. Thus, they recommended that warfarin be withheld for 4 doses
prior to surgery to allow the INR to fall to 1.5 or less before surgery. Postoperatively,
subcutaneous heparin may be administered to decrease the risk of venous
thromboembolism.

The ACCP Consensus Conference makes no specific recommendations regarding the
optimal management of anticoagulation in patients with prosthetic valves undergoing

10



elective surgery, indicating simply that “several approaches can be used........ the choice

depends on personal preference and the risk of thrombosis.” 65 The ACC/AHA
Guidelines are more definitive, recommending that the minimalist strategy (as outlined

by Kearon and Hirsh) is acceptable for “most patients.” 1" Determining which patients
are at highest risk and therefore deserving of the “aggressive strategy” requires “clinical
judgement.” Risk factors which may identify those patients at highest risk of
thromboembolic events (and therefore to be managed “aggressively) include the presence
of a ball and cage valve or an older generation tilting disk valve, the presence of multiple
prosthetic valves, atrial fibrillation, severe left ventricular dysfunction, history of a prior
thromboembolic event, and a known hypercoagulable state.

Maintenance of a therapeutic level of anticoagulation is difficult in some patients and
patients with either subtherapeutic or supratherapeutic levels of anticoagulation are
commonly encountered. Obviously, the patient who has a subtherapeutic level of
anticoagulation is at risk for thromboembolic events and a decision must be made
whether or not to adjust the warfarin dosage as an outpatient or to initiate heparin therapy
acutely to establish adequate anticoagulation while the warfarin dosage is being adjusted.
Patients should be risk stratified to determine whether inpatient or outpatient
management is appropriate. In determining the short-term risk of thromboembolism for
an individual patient, the type and location of the prosthesis should be considered as well
as the presence of other risk factors for thromboembolism (i.e. atrial fibrillation, a history
of previous embolic event, severe LV dysfunction, or a hypercoagulable state). In
general, patients with a mitral prosthesis are at higher risk than those with an aortic
prosthesis and should usually be hospitalized. Patients with multiple prosthetic valves
are at very high risk and should be treated aggressively. Patients with a bileaflet aortic
prosthesis and no associated risk factors can be treated more conservatively. The
reliability of the patient to follow dosage instructions and to comply with follow-up
laboratory testing should also be assessed before deciding whether or not to treat
conservatively. While low molecular weight heparin is a theoretically attractive option
for treating patients with subtherapeutic INR as their warfarin dosage is adjusted, there is
no data regarding its use for this indication. The etiology of the change in
anticoagulation status should also be addressed. Potential etiologies include medication
noncompliance, inadequate patient education, changes in other drug therapy, and dietary
changes. In questioning patients about changes in medication, it is also important to ask
about over the counter medications, including dietary supplements and vitamins.
Consultation with a dietician may prove helpful in improving the patient’s understanding
of the interaction of diet and warfarin metabolism.

Bleeding complications occur in patients receiving anticoagulation for prosthetic valves
and annual bleeding rates reported in various trials range from 0.4% per year to 6.6% per

year. 49 Higher intensity anticoagulation (INR greater than 5) is associated with an

increased risk of bleeding. 93 However, rapid overcorrection of anticoagulation that
results in subtherapeutic INR levels will increase the risk of thromboembolism.
Withholding warfarin alone usually results in a drop in the INR of 1.0 to 1.5 points per

day. 69 Administration of vitamin K can produce a more rapid decrease in the INR and

11



oral vitamin K appears to be effective and safe. 70 The following treatment strategy

(which follows the ACCP guidelines) has been recommended: 71 For an INR of less
than 5.0, warfarin should be withheld for 1-2 days, then restarted at a lower dose (10-20%
dose decrease usually recommended). For an INR between 5.0 and 9.0, a small dose of
oral vitamin K (2.5mg) can also be administered while withholding warfarin. The INR
should be repeated in 24 hours and warfarin therapy resumed when the INR is therapeutic
(20-30% reduction in dose of warfarin). For an INR greater than 9.0, oral vitamin K
should be given at a dose of 2.5 mg or 5.0mg while withholding warfarin. Repeat
vitamin K dosing may be necessary. Warfarin should be restarted (dose decreased by at
least 20-30%) when the INR is therapeutic. For patients with major warfarin overdosage
(INR > 20) and/or serious bleeding, more rapid reversal of anticoagulant effect is needed.
Patients should receive a slow infusion of IV vitamin K (10mg dose), supplemented with
fresh frozen plasma or prothrombin concentrate complex as determined by the severity of
the situation. Repeat vitamin K injections may be needed every 12 hours to achieve the
target INR. The IV route for vitamin K should be used only for high-risk patients
because of the potential for serious adverse reactions such as anaphylaxis, hypotension,
chest pain, cerebral thrombosis and death. In addition to treatment directed at corrected
the excessive anticoagulation, the etiology of the elevated INR should also be
determined. Common causes include excessive warfarin dosing, drug-drug interactions
(especially antibiotics), altered nutritional states, and worsening liver function.

Prosthetic valve dysfunction — structural failure:

Structural failure of prosthetic valves is a recognized complication that can be predicted
based on the type of prosthesis. In general, structural failure of mechanical prostheses is
uncommon. Ball variance in association with ball and cage valves and strut fracture with
disk embolization with Bjork-Shiley convexo-concave valves are examples of this
uncommon situation. Failure of mechanical prostheses is much more likely to be due to
valve thrombosis, to be discussed later. Structural failure of bioprosthetic valves is much
more common and is the major limitation of these prostheses. Porcine hetergrafts have a
fairly predictable failure rate of 30% by 10-15 years due to degeneration of the leaflets.

242589 Degeneration of porcine valves occurs much more rapidly in younger patients
and also occurs more commonly in valves in the mitral position. As discussed above, the
glutaraldehyde fixation of the porcine leaflets leads to the generation of free aldehyde
radicals on the leaflet surfaces which bind circulating calcium. Over time, the
bioprosthetic leaflets become progressively more calcified and rigid with loss of leaflet
mobility. These valves may become progressively stenotic but more often develop
regurgitation when a portion of a leaflet tears, resulting in acute regurgitation. Aortic
homografts, although prepared differently from porcine valves, also develop dystrophic
calcification and leaflet dysfunction which limits their longevity. Most often, patients
present with recurrent cardiac symptoms and are found to have a murmur of valvular
regurgitation or stenosis. Patients may present more acutely with severe regurgitation.
The possibility of prosthetic valve endocarditis should be considered and the diagnosis
ruled out in the setting of any patient with a bioprosthesis who develops acute
regurgitation.  Patients should be stabilized medically prior to considering valve
replacement.
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Prosthetic valve endocarditis:

Prosthetic valve endocarditis is a dreaded complication of prosthetic valves which occurs

in 4-6% of patients. 72 73 74 Prosthetic valve endocarditis is divided into early and late
forms. Early prosthetic valve endocarditis is defined as an infection identified within 60
days of valve replacement. The most common organisms involved are staph epidermidis
and staph aureus as well as gram-negative bacteria, diphtheroids, and fungi. Late
prosthetic valve endocarditis is defined as that occurring > 60 days after valve
replacement and the organisms responsible are similar to those causing native valve
endocarditis with the exception that staph epidermidis remains common. There is no
difference in the incidence of prosthetic valve endocarditis in patients with mechanical or

traditional porcine bioprostheses. 8 9 The incidence of prosthetic valve endocarditis does
appear to be lower with aortic homografts 38 75 76 and this prosthesis is becoming the
valve of choice for many cases of aortic valve endocarditis. 77

Manifestations of prosthetic valve endocarditis include fever, changing murmurs,

systemic embolization, and congestive heart failure. 73 74 When compared with native
valve endocarditis, prosthetic valve endocarditis is more likely to be associated with
valve ring abscesses, conduction abnormalities, and hemodynamically significant valve

dysfunction. 78 In most cases, surgical replacement of the infected prosthesis is required

and at times most be performed urgently or emergently. 7379 For this reason, some
authors recommend that when a diagnosis of prosthetic valve endocarditis is made in an
anticoagulated patient, warfarin (and aspirin) be stopped and IV heparin substituted.
Surgery is recommended for all cases of early prosthetic valve endocarditis, all patients
with prosthetic valve dysfunction, infection with certain organisms (fungal endocarditis,
staphylococcal endocarditis that fails to respond to antibiotics, gram negative infections,
infection with highly resistant organisms), and patients with evidence of tissue damage

(paravalular leaks, abscesses, aneurysms, conduction disturbances). 80 81 patients who
remain bacteremic after 7-10 days of antibiotics and those with recurrent peripheral
emboli should also undergo surgery.

Hemolysis:
Subclinical hemolysis due to mechanical trauma to red blood cells is common with
mechanical prostheses, especially the older valves such as ball and cage and first-

generation tilting disk valves. 82 Clinically significant hemolysis may develop in patients
with either mechanical or bioprosthetic valves and suggests the development of a

paravalvular leak which represents partial dehiscence of the suture line. 83 84 85 This
may be due to infection and prosthetic valve endocarditis must always be considered as a

potential etiology of a new paravalvular leak. 86 Patients with hemolysis due to a
paravalvular leak can usually be managed with iron and folate supplementation to treat

their anemia. On occasion, patients require valve replacement for severe hemolysis. 87
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Prosthetic valve dysfunction — valve thrombosis:

Patients with mechanical prosthetic valves are at risk for developing acute prosthetic
valve thrombosis, occurring in between 0.1% and 4% per patient year depending on the

type of prosthesis, location, and intensity of anticoagulation.3 Prompt recognition of the
signs and symptoms and an understanding of the mechanism of valve dysfunction is

required in order to effectively treat (and potentially save the lives of) these patients. 88

89 Thrombus formation places the patient at markedly increased risk for thromboembolic
events and should be suspected in any patient who presents with a systemic embolic
event. Valve thrombosis may also cause valve obstruction or regurgitation. With acute
valve obstruction, patients present with acute hemodynamic deterioration (decreased
cardiac output, poor peripheral perfusion, pulmonary congestion) and may present with
cirulatory collapse. However, some patients may have a more insidious onset of

symptoms or may even be asymptomatic. 89 At times, the diagnosis is only made at

autopsy. 90 Dyspnea at rest is the most common symptom. Other symptoms and
physical findings include fatigue, low cardiac output, chest pain, absent valve clicks,
shock or cardiac arrest. Symptomatic patients are usually in New York Heart Association
class Il or IV at presentation.

The diagnosis of prosthetic valve dysfunction requires a high level of suspicion. A
careful history should be taken to assess for new or recurrent cardiac symptoms. Next a
careful physical examination should be performed. The normal findings for auscultation
of various prosthetic valves has been reviewed (see figure 2). Prosthetic valve
obstruction/thrombosis should be suspected if there are decreased, muffled, or absent
valve clicks, and/or a new murmur on examination. Frequent repeat examinations may
be required as abnormal physical exam findings may be intermittent. When a diagnosis
of suspected prosthetic valve obstruction/thrombosis is suspected, echocardiography is

often used as the next diagnostic tool and can be very valuable. 48 The echo may
demonstrate decreased motion or absence of motion of the valve leaflets, disturbance of
flow patterns through the prosthesis, and/or the presence of abnormal regurgitation
through the prosthesis. Doppler assessment of flow through the prosthesis may indicate
increased flow velocities and gradients in the setting of valve obstruction. However,
there are some technical limitations to the assessment of valve gradients be Doppler.
Since flow velocities and patterns of regurgitation vary with the size and type of
prosthesis, this information should be provided to the echocardiographer in order to
improve their ability to accurately make a diagnosis of prosthetic valve dysfunction.
Transesophageal echocardiography provides improved visualization of prosthetic valves
in the mitral postion and often provides additional information (complementary to

transthoracic echo) for valves in the aortic position. 91 92 Acoustic shadowing from
mechanical prostheses is a significant limitation to the accuracy of echocardiography for
diagnosing prosthetic valve dysfunction. While echocardiography is an invaluable tool
for evaluating patients with prosthetic valves, it is important to acknowledge the
limitations of echocardiography in the diagnosis of prosthetic valve dysfunction. In a
recent report of 170 patients who underwent surgery for suspected prosthetic valve
dysfunction diagnosed by echocardiography, there were 25 diagnostic errors (12%)
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although most did not affect patient management. 93 Cinefluoroscopy to observe and
document leaflet motion is a simple test that should be considered in any case of
mechanical prosthetic valve dysfunction, especially if leaflet motion cannot be fully

evaluated by echocardiography. 94 95

Obstruction of mechanical prosthetic valves is usually caused by the formation of
thrombus on the valve. However, in some patients, there is an ingrowth of fibrous tissue
known as pannus which can also cause prosthetic valve obstruction as well as providing a

nidus for thrombus formation. 89 96 With pannus formation, the clinical presentation is
usually more insidious and patients may be asymptomatic.

With valve thrombosis and a small thrombus by echocardiography (<5mm) that does not
obstruct the valve, treatment with anticoagulation alone is adequate. However, larger
thrombi (>5mm) need more aggressive therapy due to the much higher risk of

complications (thromboembolism and valve obstruction). 97 Thrombolytic therapy can
be used to treat valve thrombosis but is ineffective in treating valve obstruction due to
pannus formation.  Overall, thrombolytic therapy for left-sided prosthetic valve
thrombosis has an 82% initial success rate, an overall thromboembolism rate of 12%, a
stroke rate of 5-10%, a 6% death rate, a 5% rate of major bleeding episodes and an 11%

rate of recurrent thrombosis. 98 The operative mortality for surgical valve replacement in
the setting of valve thrombosis ranges between 0% and 69%, with the outcome largely
dependent on the hemodynamic stability of the patient. 89 99 For patients in functional
class I or II, operative mortality is less than the risk of thromboembolism with
thrombolytic therapy and thus surgery should be performed on these patients. For
patients in class III or IV who are considered to be high risk for surgery or to have a
contraindication for surgery, thrombolytic therapy can be offered. 98 Streptokinase and
urokinase have been used most commonly. The duration of therapy is determined by
following valve function and gradients by echocardiography. Failure to improve valve
function and hemodynamics after 72 hours should be considered a failure of thrombolytic
therapy. Patients with highly mobile thrombi as well as patients who fail thrombolytic
therapy should undergo valve replacement.

Prosthetic valves in pregnancy:

The optimal valve replacement for women of child-bearing age remains controversial.

100 Bjoprostheses are assocated with an increased risk of structural deterioration while
mechanical valves require life-long anticoagulation and carry a lifelong risk of
thromboembolic events despite anticoagulation. Pregnancy further complicates this
issue. Bioprosthetic valves undergo more rapid structural deterioration in younger
patients, although there is no evidence that pregnancy accelerates this process. 101 102
103 patients with mechanical valves require some form of anticoagulation throughout
their pregnancy and remain at increased risk for thromboembolic complications despite
apparently adequate anticoagulation. 104 105 106 107 However, warfarin use in
pregnancy is associated with a higher risk of fetal loss, prematurity and stillbirth as well
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as the potential for warfarin embryopathy (in 4-10% of exposed fetuses). 108 The risk of
warfarin embryopathy appears to be highest with warfarin exposure during the 6"-12%

weeks of gestation. 109 Substitution of heparin improves fetal outcome but appears to
provide inadequate anticoagulation in some patients. In a recent series of 40 pregnancies
in 37 women treated with subcutaneous heparin from the 6M-12" weeks of gestation,

there were 2 cases of massive, fatal valve thrombosis. 107 In other series, valve
thromboembolic complications (including valve thrombosis) occurred in 12-24% of
pregnant women with mechanical valves treated with heparin. A recent, small study
of pregnant women with mechanical prosthetic valves who remained on warfarin
throughout their pregnancies demonstrated that the fetal complications appear to be
dose-dependent. Fetal complications such as spontaneous abortion, stillbirth, and growth
retardation were seen in 88% of pregnancies (including warfarin embryopathy in 9%)
when the daily warfarin dose was > 5Smd/day while fetal complications were seen in only

15% (no warfarin embryopathy) when the daily warfarin dose was < 5mg/day. 110
While low molecular weight heparin is theoretically an option and has been used
successfully for treatment of DVT in pregnancy, there is inadequate data regarding its use
in patients with prosthetic valves (several case reports to date). Clear guidelines for
managing anticoagulation in a pregnant patient with a mechanical valve cannot be given
at this time. Recommendations from the ACC/AHA guidelines are shown.

Table 6. Recommendations for anticoagulation in pregnancy in patients with mechanical
prosthetic valves:

1. The decision whether to use heparin during the first trimester or to continue oral
anticoagulation throughout pregnancy should be made after full discussion with the
patient and her partner; if she chooses to change to heparin for the first trimester, she
should be made aware that heparin is less safe for her, with a higher risk of both
thrombosis and bleeding, and that any risk to the mother also jeopardizes the baby.

2. High-risk women (a history fo thromboembolism or older-generation mechanical
prosthesis in the mitral position) who choose not to take warfarin during the first
trimester should receive continuous unfractionated heparin intravenously in a dose to
prolong the midinterval (6 hours after dosing) aPTT to 2 to 3 times control.
Transition to warfarin can occur thereafter.

3. In patients receiving warfarin, INR should be maintained between 2.0 and 3.0 with
the lowest possible dose of warfarin, and low-dose aspirin should be added.

4. Women at low-risk (no history of thromboembolism, newer low-profile prosthesis)
may be managed with adjusted dose subcutaneous heparin (17,500 to 20,000u BID)
to prolong the mid-interval aPTT to 2 to 3 times control.

In conclusion, valve replacement surgery does not represent a cure for valvular heart
disease. Rather, it substitutes prosthetic valve disease for the native valvular disease.
Therefore, patients with prosthetic heart valves require careful medical attention and
management to prevent or minimize the potential complications associated with
prosthetic valves.
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