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Evaluation of Hemolysis in Patients with Prosthetic Heart Valves
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Summary: The primary mechanism and most common cause
of hemolytic disease in patients with prosthetic heart valves
are mechanical trauma to red blood cells and paraprosthetic
valvular regurgitation, respectively. Presenting features in pa-
tients with this condition include anemia, congestive heart fail-
ure, fatigue, jaundice, dark urine, and a regurgitant murmur.
Various laboratory studies can be utilized to diagnose hemoly-
tic anemia and to assess the severity of hemolysis. Transthor-
acic echocardiography, transesophageal echocardiography,
and Doppler studies including color Doppler are useful imag-
ing methods to assess valve function. Treatment is usually
medical (oral iron); however, in patients with paravalvular re-
gurgitation, surgery is often required to correct the anemia.
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Introduction

Valve-related complications lead to reoperation or cause
death in a significant number of patients with prosthetic valves
within 10 years of valve insertion.! One of the major compli-
cations of prosthetic valves is intravascular hemolysis. In
1975, Kloster reported the incidence of hemolysis in patients
with prosthetic valves to be between 5 and 15%.2 Dhasmana et
al. reported an incidence of 7% in 1983.} A report in 1993 con-
cluded that <4% of patients with hemolysis secondary to a
prosthetic heart valve were anemic.* The reason for this down-
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ward trend may be due to improved surgical techniques and
technology. This report reviews the pathophysiology, diagnos-
tic studies, and management of this complication.

Pathophysiology of Hemolysis

Hemolytic anemia can be the result of congenital or ac-
quired disorders (Table I). Mechanical trauma to red blood
cells is the primary cause of hemolytic disease in patients with
prosthetic heart valves.2 One of the main mechanisms in-
volved is thought to be turbulence of flow through the pros-
thesis which results in excessive shearing forces on the red
blood cells.? * Thus, any factor which causes an increase in
turbulence is associated with a greater predisposition for
hemolysis (Table I). In addition to turbulence, other mecha-
nisms that may also contribute to hemolysis are shear stress,
pressure fluctuations, intrinsic abnormalities of the erythro-
cyte membrane, interaction with foreign surfaces, and un-
favorable flow characteristics of the valve.> ® An example
illustrating one of these mechanisms is the finding that in pa-
tients with high transvalvular pressure gradients and in those
with small valve prostheses (which are likely to result in high-
er pressure gradients) a greater incidence of hemolytic dis-
ease is present.” Furthermore, there are instances in which
hemolysis decreases as a result of endothelialization of for-
eign surfaces of prosthetic valves, which decreases the inter-
action of the erythrocytes with these surfaces.” In patients
with mechanical heart valves, the mechanical crushing effect
of the valve also contributes to red cell trauma.®

Certain contributory factors may promote the hemolysis or
aggravate the anemia. Iron-poor red cells resulting from iron
deficiency exhibit increased fragility and are more prone to
mechanical trauma. Folate deficiency resulting from hemoly-
sis in turn leads to the inability of the bone marrow to produce
red cells to compensate for those that have been destroyed.
Chronic infection, for example in a patient with endocarditis,
may inhibit erythropoiesis, thereby aggravating the anemia.®
Hemorrhage, which may be related to anticoagulant therapy,
may increase the need for erythrocyte production even further.
The anemia per se may also accelerate the hemolysis since it
would lead to both decreased blood viscosity and increased
cardiac output, and both these factors increase turbulence of
flow through the valve prosthesis.? Increased strenuous physi-
cal activity, has also been associated with increased hemoly-
sis due to increased blood flow.”
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Tasrk I Classification of the causes of hemolytic anemia

TasLe 11 Factors involved in hemolysis

Congenital hemolytic disorders
Membrane defects (e.g., hereditary spherocytosis)
Abnormalities of red blood cell interior (enzyme defects,
hemoglobinopathies. thalassemias)
Acquired hemolytic disorders
Sequestrational hemolysis (hypersplenism)
Immune hemolytic disorders
Alloimmune
Autoimmune
Drug induced (e.g., procainamide)
Paroxysmal nocturnal hemoglobinuria
Mechanical trauma (e.g., prosthetic heart valve hemolysis)
Direct toxic eftect (e.g., malaria, clostridial infection, etc.)

Paravalvular Regurgitation

The most common cause of signiticant hemolytic anemia in
a patient with a prosthetic heart valve is paraprosthetic valve
regurgitation.” This is defined as an abnormal retrograde flow
of blood around the circumference of a prosthetic valve be-
tween the sewing ring and the annulus of the native valve.” The
reported incidence of paravalvular regurgitation varies from
0.3 to 5% in some studies,” but has been reported to be as
high as 7 and 13% in other studies.* 1V

Various factors have been implicated in the causation of
paravalvular regurgitation (Figs. [, 2). Jindani et al.” reviewed
possible contributory factors, and in their study infection was
found to be an important factor occurring in 67% of patients
with aortic valve replacement and 79% of patients with mitral
valve replacement. Furthermore, the data suggest that patients
with Marfan's syndrome are more susceptible to developing
paravalvular regurgitation. This may be due to the fragmenta-
tion and disorganization of elastic fibers which are a hallmark
of Marfan’s syndrome.!! In the same report, calcification was
tfound in 47% of patients with aortic valve replacement and
probably contributed to the development of both infection and
paravalvular regurgitation.

From a surgical point of view, a study by Dhasmana et al.?
concluded that paravalvular regurgitation in the absence of in-
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Fiii. | Factors involved in paravalvular regurgitation after aortic
valve replacement. Source: Ref. 9.
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fection was strongly associated with technical factors, espe-
cially the use of small monofilament sutures (2-0) ina contin-
uous suture technique and also with the presence of annular
calcification. The regurgitation may result from the sutures
having a cutting etfect on the tissues and sewing rings and their
tendency to break with the passage of time with resultant valve
dehiscence. Also, sewing into calcified annular substance is
difficult, and support for the suture is less stable compared
with noncalcific tissue.'?

Bioprosthetic Valves

Tissue failure due to structural changes is a major problem
with regard to bioprosthetic valves, since these changes often
lead to alterations in the hemodynamic profiles of the val-
ves with resultant increases in turbulence and consequently
hemolysis. In contrast to mechanical valves which are very
durable,'2 most lasting at least 20 years, 10 to 20% of homo-
graft bioprostheses and 30% of heterograft bioprostheses fail
within 10 to 15 years of implantation and require repluce-
ment.!* Youth, diabetes, pregnancy, and renal disease are all
associated with increased rates of tissue valve failure. Patients
under the age of 40 have a particularly high incidence of pre-
mature heterograft failure.!3

In most patients with bioprosthetic valve failure, one finds
regurgitation due to a tear or rupture of one or more of the
valve cusps.!? These cuspal tears most commonly involve the
free edges of the cusps and possibly develop as a result of the
breakdown of collagen at these sites.'* ¥ In a study by Garcia
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FiG.2 Factors involved in paravalvular regurgitation after mitral
valve replacement. Source: Ret. 9.
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et ul..'® certain conditions of regurgitant flow were associated
with high shear rates and hence higher rates of hemolysis.
Contributing factors included rapid acceleration, collision
with a solid wall, and fragmentation (defined as a regurgitant
jet that 1s divided by a solid structure in its path).

Bioprosthetic tissues that have been implanted in the human
heart undergo a complex, time-dependent process of structu-
ral change that finally results in dysfunction of the valve.!”
Increased cuspal calcification is the main reason for the failure
of porcine and other bioprosthetic tissues.!”- 18 Various meth-
ods have been investigated to reduce this calcification, some
showing positive short-term results.'

An Approach to a Patient with a Prosthetic Valve
Presenting with Hemolytic Anemia

Clinical Clues for the Detection of Hemolysis

In a patient presenting with hemolytic anemia, one factor to
be considered is the duration of time that has elapsed following
valve replacement. This is particularly important in patients
with bioprosthetic valves since porcine valve failure is rare
(1%) in the first 5 years post replacement, increases to 20-30%
within 10 years, and approximates 50% in 15 years.?

Patients with prosthetic valve failure and laboratory evi-
dence of hemolysis present most often with one or more of
the following features: congestive heart failure, fatigue, dark
urine, and shortness of breath,”->!-2* Enzenauer et al.?? con-
ducted a chart and literature review of 15 patients who had
porcine xenograft valve failures with hemolysis. The relative
frequencies of the presenting features in this study are shown
in Figure 3. These findings emphasize that one should suspect
hemolysis in a patient with a prosthetic valve presenting with
anemia, congestive heart failure, jaundice, dark urine, and a
cardiac murmur.

Valve dysfunction may be suggested by a change in the in-
tensity or quality of a previously audible sound, the appear-
ance of a new murmur, or a change in the characteristics of a
preexisting murmur.? The examining physician should be

D
C B
A = Anemia (3)
B = CHF (5)
C=SO0B (1)

D = Fatigue & jaundice (3)
E = SOB & dark urine (2)
F = MR murmur, symptomatic (5)

FiG.3 Presenting features in patients with hemolytic anemia sec-
ondary to prosthetic valves (number of patients in parenthesis). CHF
= congestive heart failure, SOB = shortness of breath, MR = mitral
regurgitation. Source: Ref. 23.

particularly alert to the development of any regurgitant mur-
mur which may suggest a paraprosthetic leak.?

Laboratory Studies in a Patient with Suspected Hemolytic
Anemia

One of the ways to approach the problem of hemolysis in a
patient with a prosthetic valve is to direct studies toward one of
four goals:23 (1) Demonstration of the presence of anemia; (2)
determination of the presence and severity of hemolysis; (3)
evaluation of deficiency states secondary to iron loss or accel-
erated hematopoiesis; and (4) consideration of factors con-
tributing to increased hemolysis, particularly dysfunction of
the prosthesis.

Specific laboratory studies (Table IIT) that are helpful are a
hematocrit or hemoglobin determination, serum lactate dehy-
drogenase (LDH) levels, reticulocyte count, peripheral blood
smear examination for schistocytes (Fig. 4), serum hapto-
globin level, and serum iron and folic acid levels.> 13- 23.26
The severity of the hemolysis can be assessed by analyzing
the above laboratory studies? (Table V).

A hematocrit or hemoglobin determination would establish
the presence or absence of anemia. However, the absence of
anemia does not exclude the presence of significant hemolysis
since compensation for increased red cell destruction may oc-
cur for a considerable period of time before the patient devel-
ops overt anemia.”

TasLe Il Laboratory studies used in the diagnosis of hemolytic
anemia

* Hemoglobin/ hematocrit

* Serum lactate dehydrogenase level

* Reticulocyte count

* Serum haptoglobin level

* Serum iron & folic acid levels

* Blood smear examination for schistocytes

Fic.4 Peripheral smear from a patient with hemolysis secondary to
a prosthetic valve leak showing schistocytes (arrows).
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TaLe IV Assessment of severity of hemolysis

Hemolysis?
Mild Moderate Severe
Lactate dehydrogenase  <500units ~ >500units  >>500 units
Haptoglobin Decreased Absent Absent
Reticulocytosis <5% >5% >>5%
Schistocytosis <1% > 1% >>1%

@ > = greater than, >>= much greater than, < =less than, <<=much
less than. Reprinted from Ref. No. 2 with permission.

In patients with hemolytic anemia, studies have demon-
strated an excellent relationship between serum LDH levels
and red cell survival.2-23-77-28 Levels of LDH are often elevat-
ed in patients with intravascular hemolysis and change rapidly
with the degree of hemolysis. Serum LDH levels can therefore
be utilized as simple and sensitive screening tests for intravas-
cular hemolysis.”

The reticulocyte count is increased in patients with hemo-
lytic disease. This is a nonspecific but fairly accurate indicator
of the severity of the problem. Also, studies have shown that
the number of schistocytes in the peripheral blood of patients
with artificial heart valves is directly related to the severity of
hemolysis.> >

Free hemoglobin resulting from intravascular hemolysis
binds rapidly to plasma haptoglobin, and the resultant com-
plex is cleared by the reticuloendothelial system. This results
in decreased haptoglobin levels. Thus, serum haptoglobin lev-
els are a good index of intravascular hemolysis and are useful
as a screening test.”

In addition to the above investigations, serum iron and folic
acid levels should be determined. These levels may be de-
creased because of increased erythropoiesis.>

Assessment of Prosthetic Valve Dysfunction

Imaging methods to assess valve function: Cinefluoro-
scopy is a simple, rapid and inexpensive technique for evalu-
ating prosthetic valve function and is particularly useful for as-
sessing leatlet motion and gross motion of the sewing ring. In
paravalvular regurgitation, cineradiographic studies show ab-
normal rocking motion of the prosthesis and provide useful
confirmation of the presence but not the amount of regurgita-
tion.'? Two-dimensional transthoracic echocardiography is
especially useful in assessing the function of bioprosthetic
valves.'? In contrast, mechanical valves are often difficult to
visualize because of intense echo reverberations from the me-
chanical leaflets.'?

Doppler echocardiography has been found to be extremely
useful for evaluating patients with suspected prosthetic valve
dystunction. Doppler echo measures the direction and veloci-
ty of blood flow and is particularly useful for detecting regur-
gitation through or around prosthetic valves.® Pulsed and con-
tinuous-wave Doppler are possibly more sensitive than color
Doppler in detecting the presence of prosthetic valvular regur-
gitation. In contrast, color Doppler is superior to pulsed and

continuous-wave Doppler in the semi-quantitative assessment
of the severity of regurgitation and has practically supplanted
conventional Doppler.

With color Doppler, it is possible to assess the severity of
mitral prosthetic valve regurgitation by expressing the regur-
gitant jet area as a ratio of the dependent chamber area. This
corresponds well with standard angiographic estimation of
severity. Maximum jet area/left atrial area percent ratios of
<20%, 20-40%, and >40% denote mild, moderate, and se-
vere regurgitation, respectively. Prosthetic aortic regurgitation
can also be assessed. The proximal jet width, measured at the
point of its origin from the aortic valve and expressed as a per-
cent ratio of the left ventricular outflow tract diameter mea-
sured at the same point, grades regurgitation as mild (1—24%},
moderate (25-46%), moderately severe (47-64%) and severe
(65% or more).!

Transesophageal echocardiography (TEE) provides an un-
obstructed view of the atria and the mitral valve. Since there is
no obstruction by the lungs, sternum, or ribs, stable and dis-
tinct images can be obtained which are of a higher resolution
than those obtained by transthoracic echo. ' Thus, in a patient
with prosthetic mitral valve dysfunction, TEE is very useful
and should be performed.? Furthermore, in a study by Chen ez
al.,3* TEE was found to be more accurate than transthoracic
echocardiography and auscultation in the detection of par-
avalvular leaks. Even mild paravalvular leakage and physio-
logic regurgitant jets can be detected. In patients with par-
avalvular regurgitation, a TEE would demonstrate a turbulent
eccentric jet originating outside the prosthetic sewing ring or
may show a paravalvular gap between the annulus and sewing
ring™? (Figs. 5-8). This jet would have a high flow velocity. In

Fig.5 Transthoracic echocardiographic view of mitral valve pros-
thesis. Color-flow Doppler demonstrates mild paravalvular regurgi-
tation. Small arrows show regurgitant jet. Arrowheads outline the
area of the suture ring. LA = left atrium, LV = left ventricle, RA =
right atrium, RV = right ventricle.
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FiG.6 Transesophageal echocardiographic view of mitral valve
prosthesis. Color-flow Doppler demonstrates moderate paravalvular
regurgitation. Small arrows show regurgitant jet. Arrowheads out-
line the area of the suture ring. Abbreviations as in Figure 5.

contrast, physiologic jets are characterized by centralized ret-
rograde flow with two or four parallel regurgitant jets of low
flow velocity.?2 However, TEE has been reported to be limited
in its ability to detect aortic prosthetic valve obstruction or re-
gurgitation, especially when a mitral prosthesis is present.'

Magnetic resonance imaging is another modality which can
be used to assess valve dysfunction but has not been found to
be useful for assessing prosthetic valve structure. Also, since
this imaging modality is more expensive and time consuming
than echocardiography, it has a limited role to play.'?

Cardiac catheterization is useful for measuring transvalvu-
lar pressure gradients from which a calculation of the effective
orifice area can be made. It is also useful for visualizing and
quantifying valvular or paravalvular regurgitation. The disad-
vantage of using cardiac catheterization is that the catheter
may become entrapped in a mechanical valve or may disturb
the hemodynamics of a valve. Consequently, it is indicated
only when the information obtained by noninvasive methods
is inconclusive. '

Treatment

Medical treatment is effective in the majority of patients
with hemolytic disease caused by prosthetic valves. Oral iron
therapy is indicated in those with evidence of significant iron
loss even in the absence of anemia.?

Blood transfusion may be necessary to correct refractory
anemia, after which oral iron therapy is usually sufficient to
maintain a satisfactory hematocrit level. It is important to bear
in mind that whenever anemia is refractory to vigorous iron
therapy, the possibility of folate deficiency should be consid-
ered and, if present, should be treated. 3

Fic.7 Transesophageal echocardiographic view of St. Jude mitral
valve prosthesis. Color-flow Doppler demonstrates moderate par-av-
alvular regurgitation. Small arrows show regurgitant jet. Arrowheads
outline the area of the suture ring. Abbreviations as in Figure 5.

There is widespread agreement among echocardiographers
and surgeons that severe paravalvular regurgitation should be
corrected immediately.*® The management of patients with
mild and moderate paravalvular regurgitation is controversial.
Movsowitz ef al.*3 conducted a clinical and echocardiograph-
ic follow-up of eight patients with mild and moderate mitral
paravalvular regurgitation detected by TEE at the time of
valve replacement surgery. It was found that the patients with
moderate paravalvular regurgitation deteriorated clinically
and echocardiographically over time. A third of the patients

FiGc.8 Transesophageal echocardiographic view of St. Jude mitral
valve prosthesis. Color-flow Doppler demonstrates mild paravalvu-
lar regurgitation. Small arrows show regurgitant jet. Arrowheads
outline the area of the suture ring. Abbreviations as in Figure 5.
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with mild paravalvular regurgitation deteriorated over time.
This study therefore supported the view that moderate par-
avalvular regurgitation should be corrected at the time of
valve replacement surgery if this can be performed without
high operative risk. Because some cases will progress, mild
paravalvular regurgitation should probably also be repaired if
this can be performed at low risk.

In those with a contraindication to repeat surgery, beta
blockers may reduce the magnitude of hemolysis. Although
the exact mechanism is unclear, it is thought that beta blockers
reduce the shearing stress between the erythrocytes and the
foreign material by slowing the velocity of the circulation,
thereby reducing the hemolysis.*

Conclusion

Hemolytic anemia remains one of the major complications
in patients with prosthetic valves. Ongoing research is impor-
tant for the further improvement of existing valve designs and
to aid in the development of new valves that will lead to a low-
er incidence of this complication
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