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Hemolysis Associated With Prosthetic Heart Valves
A Review

Yaron Shapira, MD, Mordehay Vaturi, MD, and Alex Sagie, MD

Abstract: Hemolysis is one of the potentially serious complications of
prosthetic heart valves. It is usually associated with either structural deteri-
oration or paravalvular leak. Mild, compensated hemolysis associated with
mechanical heart valves is not uncommon even in the current era. Severe
hemolysis is rare, however, and usually reflects paravalvular leak. The use of
transesophageal echocardiography–guided operative techniques may help
prevent or minimize early postoperative paravalvular leakage. There is a
gamut of available therapeutic approaches—medical, transcatheter, and sur-
gical—to this complication and therapy should be tailored to the individ-
ual patient. Novel pharmacological agents include erythropoietin and
pentoxifylline. Several reports described the feasibility of transcatheter
closure of paravalvular leak with coils or devices, but their effect on
hemolysis is unpredictable. Surgery remains the treatment of choice in
severe cases.
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Hemolysis is one of the potentially serious complications of
prosthetic heart valves.1 It is usually associated with either

structural deterioration or paravalvular leak. Its main mechanism is
a turbulent flow through the valve or between the sewing ring and
the native ring. The first case of valve-related hemolysis was
described by Rose et al in 1954, in a prosthetic valve prototype.2 The
reported rate of significant hemolysis has decreased from 5% to 15%
in the 1960s and 1970s3,4 to less than 1% in the 1990s, with the
introduction of improved valve models.5–7 However, a certain de-
gree of mild, compensated, hemolysis is still observed in a large
proportion of patients. Subclinical hemolysis was reported in 51.2%
of 170 patients with St. Jude Medical valves and 17.8% of 80
patients with Medtronic-Hall valves; none of the patients had ane-
mia.6 Greater hemolysis was associated with double-valve versus
single-valve replacement and with mitral position (P � 0.01) and
aortic position (P � 0.01). In another study, subclinical hemolysis
was detected in 26% of 172 patients with bileaflet mechanical valves
(53 CarboMedics, 119 Sorin Bicarbon) and 5% of 106 patients with
biologic valves (15 St. Jude Medical Toronto SPV, 19 Baxter
Perimount, and 72 Medtronic Mosaic) (P � 0.001), with no cases of
clinically significant hemolysis.7 Investigations using carbon mon-
oxide levels revealed that the mean erythrocyte lifespan (normal
value, 122 � 23 days) was somewhat short in patients with biologic

valves (103 � 15 days) and even shorter in patients with mechanical
valves (98.8 � 23 days).8

MECHANISMS OF HEMOLYSIS
Older-generation valve models were associated with a high

rate of hemolysis. In some cases, this was associated with structural
valve deterioration. For example, the disc of the Beall valve was
subject to wear and tear9 and the fully covered Starr-Edwards valve
was prone to tears in the cloth cover.10 Hence, new-onset hemolysis
in a patient who was formerly free of hemolysis should raise the
suspicion of structural valve deterioration. Structural deterioration is
extremely rare in the current valve models. Therefore, the main
mechanism for valve-associated hemolysis in current models is
paravalvular leak. The occurrence of paravalvular leakage in the
early postoperative period can be minimized by the routine intraop-
erative use of transesophageal echocardiography (TEE) for quality
control. Figure 1 shows an intraoperatively detected paravalvular
leak that required a second pump run for correction. Late paraval-
vular leak is usually caused by suture dehiscence, which is more
likely to occur in patients with heavy annular calcification11–14 or
localized infection,15 or with the application of certain surgical
techniques.16–19 It is usually visualized by echocardiography; TEE
is mandatory if peri-mitral leak is suspected. The degree of hemo-
lysis is not necessarily proportional to the amount of regurgitation.
The irregularity of the leaking site as well as the colliding angle may
play important roles: a central jet causes less hemolysis than an
eccentric jet that hits the opposite wall.20 Occasionally, the peripros-
thetic jet strikes the ridge separating the left pulmonary vein from
the left atrial appendage, resulting in a significant hemolysis.21

Biologic valves are rarely associated with mechanical hemolysis,
except in the presence of a paravalvular leak, but structural deteri-
oration may occasionally cause intravascular hemolysis.22,23

DIAGNOSIS
The clinical presentation of valve-related hemolysis depends

on the degree of anemia and the associated leak, and may vary from
an asymptomatic state to pallor, weakness, and signs of congestive
heart failure. Brisk hemolysis may be associated with hemoglobin-
uria. The hallmark of mechanical hemolytic anemia is the appear-
ance of fragmented erythrocytes in the peripheral blood smear.
Accompanying findings include reticulocytosis, low haptoglobin
levels, elevated lactic dehydrogenase (LDH), indirect hyperbil-
irubinemia, and urinary excretion of hemosiderin (and occasion-
ally free iron). The anemia is due to the failure of the bone
marrow to compensate for the shortened lifespan of the erythro-
cytes. Chromium-51 labeling for the measurement of erythrocyte
life span has been recently replaced by expiratory carbon mon-
oxide concentration.8

QUANTIFICATION OF HEMOLYSIS
There is no standard system for quantifying mechanical

hemolytic anemia. Elevated levels of LDH, a high degree of red
blood cell fragments, high urinary iron concentration, and the need
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for frequent red blood cell transfusions are markers of greater
hemolysis.24,25

TREATMENT

Oral Medications
There are a few reports on the effect of �-adrenergic blockers

in patients with mechanical hemolysis associated with prosthetic
heart valves.26–28 The suggested mechanism of action is a reduction
of the shearing forces acting on the erythrocytes.

Iron supplementation is often required to counteract the
urinary iron loss in cases of hemoglobinuria and hemosiderinuria.
Clinicians should check for folic acid deficiency, which needs to be
corrected by folate supplementation.

Pentoxifylline has recently been found to reduce prosthetic-
valve-related hemolysis, probably by improving erythrocyte deform-
ability. Golbasi et al,29 using a placebo-controlled design, reported
a reduction in hemolysis parameters in 60% of 20 patients treated
with pentoxifylline 400 mg TID compared with 5% in the placebo
arm. Moreover, hemolysis was abolished in 6 of the 9 patients with
very high LDH (�1500 U/dL).

Surgery
The recently published European guidelines on the manage-

ment of valvular heart disease recommend reoperation for paraval-
vular leak if it is related to endocarditis, if it causes severe symp-
toms, or if the hemolysis is severe enough to warrant repeated blood
transfusions (class I recommendation, level of evidence C).30 The
surgical risk at reoperation is higher than for the first operation and
is in the order of 10%.31–36 Replacing the valve does not necessarily
ameliorate hemolysis, especially after several operations on the
same valve.37 Nevertheless, surgery is the gold-standard definitive
therapy in this setting.

Percutaneous Closure
During the last 15 years, several reports have described the

percutaneous closure of paravalvular leaks with coils or devices that
were originally designed for other purposes (such as ventricular
septal defect or patent ductus arteriosus). This practice was intro-
duced by Hourihan et al38 in 1992, who successfully closed 2

periaortic leaks. Some of the technical aspects are detailed below
and reflect the results of pioneering groups in this field.39–42

The procedure is guided by both fluoroscopy and TEE, and it
is usually performed under general anesthesia to allow for continu-
ous TEE. In cases of a peri-mitral defect, an attempt is usually made
to cross the defect antegradely via a trans-septal approach. A
diagnostic catheter (preferably right Judkins or Multipurpose) is
advanced toward the leak. Thereafter, a hydrophilic wire is ad-
vanced through this catheter and used to cross the leak. The catheter
is then advanced through the leak. The hydrophilic wire is ex-
changed with a stiff wire and the sheath is advanced over the wire
(the dilator is remounted if necessary). Once it crosses the leak, the
device is advanced and deployed. Contrast injection can be per-
formed to delineate the size and shape of the defect, although some
centers prefer TEE sizing to reduce radiation exposure. Periaortic
leaks are usually approached in a retrograde fashion through the
femoral artery. A coronary diagnostic catheter is advanced toward
the leak, which is then crossed with a hydrophilic wire, followed by
a pigtail catheter. After the injection of contrast material to delineate
the size and shape of the defect, the pigtail catheter is exchanged
with a designated delivery sheath, and the designated device is
deployed across the leak site. It may be advisable to use a device that
is at least one size greater than the minimal diameter of the hole. In
general, patent ductus arteriosus occluders are more suitable for
narrow and elongated holes and ventricular septal defect occluders,
for wide and short tunnels. Amplatzer devices were employed in
most of the studies in the literature, although other devices and coils
were reported as well.

Clear contraindications for percutaneous closure of peri-
valvular leak are active infection, vegetations, or thrombi (either
at the leaking site or elsewhere in the potential course of the
catheters). Large defects (ie, extending more than a quarter of the
circumference of the prosthesis) may not be suitable for device
deployment or may require more than 1 device, and leakages
located close to the point of maximum leaflet excursion may
interfere with leaflet movement by the closure device. Failure to
accurately visualize the defect by echocardiography is also a
predictor of failed percutaneous closure.

The procedure is technically demanding and time consuming,
and its effects on hemolysis are inconsistent. In a series reported by
our group, of 8 patients with hemolysis treated by Amplatzer
occlusion, 3 showed a decrease in severity of hemolysis (though it
recurred later in one of them), 3 showed an increase, and 2 had no
change.42 In another series, 2 patients with transfusion-dependent
hemolysis remained transfusion-dependent after leak closure.41

Some individual case reports noted a favorable effect of transcath-
eter treatment on hemolysis,43,44 whereas others did not.45,46 Be-
cause the current devices can hardly fit into the shape of the leaking
area, there may be a certain degree of residual regurgitation, leading
to postprocedural hemolysis that is even worse than the preproce-
dural one. Furthermore, the risk of certain procedure-specific com-
plications should be borne in mind, including impingement on leaflet
motion, worsening of leakage due to radial forces, device emboli-
zation, and damage to the valve. An example of perivalvular leak
and its closure is shown in Figure 2A–D.

The newly developed live 3-dimensional TEE may repre-
sent a potential breakthrough in the imaging of leak characteris-
tics and device deployment.47,48 However, more data are needed
to assess its exact role in this setting. The development of
dedicated, preshaped, devices may help overcome these obsta-
cles. Currently, percutaneous closure of paravalvular leaks is
reserved for poor surgical candidates.

FIGURE 1. Intraoperative TEE showing paraseptal perivalvu-
lar leak (arrow) due to a torn knot. The leak was detected
during weaning from bypass. LA indicates left atrium; RA,
right atrium; RV, right ventricle.
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Erythropoietin
Another therapeutic option for cases of severe hemolysis

and high reoperative risk is erythropoietin. This method was
initially reported by Kornowski et al49 and has since been applied
in several small series. Although the overstimulation of and
already over-reactive red-cell line may not make a lot of sense,
erythropoietin administration has been effective in reducing
blood transfusion rate, especially in patients with some degree of
renal impairment.50,51

Tailoring Therapy
Mild, compensated, hemolysis can probably be managed by

observation, whereas severe hemolysis requiring frequent blood
transfusions warrants reoperation in patients who are not at very
high surgical risk, or treatment with beta adrenergic blockers, folate,
erythropoietin, or pentoxifylline in poor surgical candidates. Percu-
taneous closure of paravalvular leaks with coils or devices is
emerging as an alternative to reoperation, although alleviation of
hemolysis cannot be guaranteed.

Prevention
Significant early paravalvular leakage following elective

valve replacement necessitates a second pump-run in nearly 2%
of cases.52,53 It might be prevented by the routine use of intra-
operative TEE. In patients with active infectious endocarditis,
meticulous eradication of any infected tissue during surgery is
mandatory to avoid late paravalvular leak. Extensive mitral
annular calcification can be approached with special techniques,
such as resection of the calcium bar and creation of a new annulus
with pericardium.54

CONCLUSIONS
In conclusion, mild, compensated hemolysis associated with

mechanical heart valves is not uncommon even in the current era.
Severe hemolysis is rare and is usually related to paravalvular leak.
There is a gamut of available therapeutic approaches—medical,
transcatheter, and surgical—to this complication. Ideally, therapy
should be tailored to the individual patient.
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