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Paravalvular regurgitation (PVR) is the leading
cause of hemolytic anemia in patients with prosthetic
heart valves.! We present two cases of patients who
developed hemolytic anemia and associated symptoms
due to paravalvular leak (PVL), both of which were suc-
cessfully treated with transcatheter closure.

CASE |
History of Presentation
A 70-year-old female is referred to the Cardiology clin-
ic with complaints of shortness of breath, classified as
New York Heart Association (NYHA) functional class
III. She had undergone transcatheter aortic valve re-
placement (TAVR) in 2022 and surgical mitral valve
replacement (MVR) in 2023. Over the previous 12
months, she developed macrocytic anemia.

Upon presentation, her hemoglobin is 8.4 g/dL
(normal range: 12-16 g/dL) and her mean corpuscular

volume (MCV) is 110 fL (normal range: 80-99 fL).

Past Medical History

The patient’s medical history is significant for cir-
rhosis due to autoimmune hepatitis and primary bili-
ary cirrhosis overlap, for which she is on chronic immu-
nosuppressive therapy. In 2022, she underwent TAVR
at another institution, complicated by a right femoral
artery pseudoaneurysm requiring surgical repair.

She later presented to Penn Medicine Lancaster
General Health with severe mitral regurgitation due
to a posterior leaflet flail, leading to surgical MVR at
LG Health. She also had some degree of renal failure.

Physical Examination
On examination, her blood pressure is 136/94
mmHg and her pulse is 87 beats per minute. Cardiac

auscultation reveals a II/IV decrescendo diastolic mur-
mur at the left lower sternal border. Jugular venous
pressure is normal, and her lungs are clear to ausculta-
tion bilaterally.

Investigations

Laboratory evaluation reveals a decline in the pa-
tient’s estimated glomerular filtration rate from normal
values one year earlier to a nadir of 46 mL/min/1.73
m? (reference range: >60 mL/min/1.73 m?). During
this same interval, the MCV has increased from 94 fL
to 110 fL. Given these findings, a hemolysis panel is
performed, yielding the following results:

Lactate Dehydrogenase (LDH) (129-260 U/L) 939A

Haptoglobin (44-215 mg/dL) <30V
Indirect Bilirubin (0.2-0.7 mg/dL) 1.24A
Reticulocyte Count (0.5%-2.5%) 4.4A

A transesophageal echocardiogram (TEE) demon-
strates moderate-to-severe paravalvular leak adjacent to

Fig. 1. Deep transgastric
view of the aortic valve
by transesophageal
echocardiography
demonstrates severe
paravalvular leak. In this
image, color represents
regurgitant flow from the
aorta into the left
ventricle during diastole.
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the bioprosthetic aortic
valve, localized near the
left coronary cusp (see
Fig. 1 on page 99). Left
ventricular dimensions
and systolic function are
preserved (LVEF 55%
to 60%), and the mitral
valve prosthesis exhibits
normal function.

To exclude an infec-
tious etiology, C-reac-
tive protein (CRP) and
blood cultures are ob-
tained. The CRP level
is within normal limits,
and blood cultures show no growth.

Management

The case is reviewed by a multidisciplinary cardiol-
ogy team consisting of a structural interventional car-
diologist, a cardiothoracic surgeon, and a noninvasive
cardiologist with expertise in advanced cardiac imaging.
The location and dimensions of the paravalvular leak
are deemed suitable for transcatheter closure using a ni-
tinol vascular plug (see Fig. 2).

Under general anesthesia and with transesopha-
geal echocardiography guidance, the defect is success-
fully crossed using a hydrophilic guidewire introduced
via the right radial artery. A 6-French guide catheter is
advanced across the defect, and a 12-mm nitinol vas-
cular plug is deployed. Prior to device release, selective
coronary angiography of the left main coronary artery
is performed to confirm vessel patency (see Fig. 3).
Post-deployment TEE demonstrates complete elimina-
tion of the paravalvular leak.

The patient is discharged the following morning
in stable condition. At the sixweek follow-up visit,
laboratory studies show complete resolution of anemia
and renal dysfunction. Her dyspnea had resolved, and
she remains asymptomatic one-year post-procedure.

CASE 2
History of Presentation

A 54-year-old woman with a history of rtheumatic
heart disease who has previously had a surgical aor
tic and mitral valve replacement presents with fatigue,
malaise, and exertional dyspnea, corresponding to
NYHA functional class II symptoms.
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Fig. 2. Computed tomography angiogram long axis (left) and short axis (right) views of the paravalvular defect below the
left main coronary artery. The orange arrows highlight the defects.

Fig. 3. Transcatheter paravalvular leak closure. The orange arrow identifies
the distal aspect of the vascular plug, positioned below the aortic valve. The

white arrow identifies the proximal aspect of the plug, in the left coronary
cusp of the aortic root and outside of the prosthetic aortic valve frame.
Coronary angiography reveals a patent left main coronary artery.

Past Medical History

At age 46, the patient had undergone surgical mi-
tral valve replacement with a bioprosthetic valve. She
subsequently developed severe aortic regurgitation due
to valve insufficiency and, at the age of 49, underwent
another surgical aortic and mitral valve replacement
using mechanical prostheses. Due to the presence of
mechanical valves, she is maintained on chronic anti-
coagulation with warfarin.
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Physical Examination

On examination, blood pressure is 123/64 mmHg
and heart rate is 75 beats per minute. Cardiac ausculta-
tion reveals a grade 11/VI holosystolic murmur audible
throughout the precordium. Jugular venous pressure is
normal, and lung auscultation is clear bilaterally.

Investigations

Transthoracic echocardiogram demonstrates nor-
mal prosthetic valve function without evidence of
paravalvular leak. Laboratory evaluation is notable
for macrocytic anemia (hemoglobin 10.2 g/dL, MCV
101.2 fL). Fecal occult blood testing is negative, and
iron studies are within normal limits. Given the labo-
ratory findings, a hemolysis panel is performed, yield-
ing the following results:

Lactate Dehydrogenase (LDH) (129-260 U/L) 1,0094A

Haptoglobin (44-215 mg/dL) <30V
Indirect Bilirubin (0.2-0.7 mg/dL) 0.6
Reticulocyte Count (0.5%-2.5%) 4.6A

Subsequent TEE reveals a moderate-to-severe
paravalvular leak along the posterior aspect of the me-
chanical mitral valve (see Fig. 4). The aortic and mitral
prostheses are otherwise functioning normally, and
left ventricular systolic function was preserved (LVEF
55% to 60%).

To exclude an infectious etiology, CRP and blood
cultures are obtained. The CRP level is within normal
limits, and blood cultures show no growth.

Management

Following a comprehensive evaluation by a multi-
disciplinary cardiology team, transcatheter PVL clo-
sure is recommended. Under general anesthesia, the
right femoral vein is accessed. A transseptal puncture
is performed using a radiofrequency wire under guid-
ance to gain access to the left atrium.

A steerable sheath is then used to facilitate ante-
grade crossing of the mitral PVL (see Fig. 5 on page
102). A stiff guidewire is advanced into the left ven-
tricle, over which a 6-French coronary guide catheter is
positioned. A 12-mm nitinol vascular plug is deployed
across the defect, ensuring it straddles the PVL (see
Fig. 6 on page 102). The device is then released. Post-
deployment TEE demonstrates near-complete resolu-
tion of the PVL.

The patient is discharged the following day in
stable condition. After six weeks, her anemia has com-
pletely resolved, and she remains asymptomatic.

SUMMARY

Paravalvular leak is a relatively common complica-
tion following prosthetic cardiac valve implantation,
with an incidence ranging from 6% to 15%.? Patients
may present with heart failure symptoms or hemolytic
anemia. Hemolysis often occurs with smaller defects,
where high-velocity jets generate shear stress, leading
to red blood cell fragmentation.

Paravalvular leak results from incomplete apposi-
tion of the prosthetic valve to the native annulus, which
can arise from friable annular tissue, dense annular
calcification, suture dehiscence, or infection. Histori-

Fig. 4. Transesophageal echocardiogram demonstrating mitral PVL. Short
axis view (top) of the prosthetic mitral valve from the left atrium using

three-dimensional (3D) echo. Color doppler at the 6 o’clock position
represents regurgitant flow outside of the mitral prosthesis during systole.
Long axis view (bottom) of the prosthetic mitral valve demonstrating the

same PVL.
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Fig. 5. Fluoroscopy of PVL closure. Advancing a wire (orange arrow, above left) from the left atrium across the mitral PVL into the left ventricle with the
use of a steerable sheath after crossing the interatrial septum. Fully deployed vascular plug (white arrow, above right) within the defect, leading to resolution

of PVL.

cally, surgical intervention has been the standard ap-
proach for clinically significant PVL but is associated
with variable outcomes and elevated operative risk.**
Percutaneous PVL closure offers a minimally invasive
alternative and has been demonstrated to be safe and
effective in multiple studies.”®

Selection of an appropriate treatment strategy in-
volves careful assessment of defect location, size, and
morphology using echocardiography and contrast-
enhanced computed tomography. Three-dimensional
reconstructions are essential for determining percuta-
neous closure feasibility.

Very large defects (>¥3 of the annular circumfer-
ence) or obvious valve dehiscence typically require
surgical repair, as do cases associated with active en-
docarditis, which necessitate debridement. Current
American College of Cardiology/American Heart As-
sociation guidelines recommend percutaneous PVL
closure for patients with suitable anatomy, symptom-
atic heart failure, and/or hemolysis, particularly when
surgical risk is high.”

A multidisciplinary “Heart Team” approach is crit-
ical for optimal patient selection. At Penn Medicine
Lancaster General Hospital, patients with structural
heart disease, including PVL, are evaluated by a team
composed of a structural interventional cardiologist, a
cardiothoracic surgeon, and a noninvasive cardiologist
with expertise in cardiac imaging. Consensus recom-
mendations are made after review of all relevant data.

Techniques for percutaneous PVL closure vary by
valve location. The cases presented highlight both an

Fig. 6. Final short axis view of the mitral valve using 3D echocardiography.
The image represents the view from the left atrium. The vascular plug
(white arrow), deployed at the 6 o’clock position, now occupies the defect

demonstrated in the short axis view of Fig. 4 on page 101.

antegrade transseptal approach for mitral PVL and a
retrograde aortic approach for aortic PVL. Closure
devices, available in various shapes and sizes, are typi-
cally constructed from nitinol, a nickel-titanium alloy
with super elastic properties, allowing conformability
within irregular defects.

Procedures are performed under general anesthe-
sia via femoral arterial or venous access. Transesopha-
geal echocardiography and fluoroscopy guide device
deployment. Procedures generally take one to two
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hours, and patients are typically monitored overnight
and discharged with minimal restrictions.

CONCLUSION

The presence of hemolytic anemia in a patient
with a prosthetic cardiac valve should prompt evalu-
ation for paravalvular regurgitation. Symptomatic
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