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Transcatheter resolution of mechanical aortic valve dysfunction
in a pediatric patient

Resolucion transcatéter de disfuncion de una valvula adrtica mecanica en un paciente
pediatrico
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Case presentation

Male 13-year-old with a history of ductus arteriosus
closure in another hospital through lateral thoracotomy
in the 1%t year of live. 12 years after; he was referred to
our center by several months with progressive dys-
pnea, orthopnea, and 1-time syncope. His weight fell
below the 3 percentile and a physical examination
revealed crackling rales in both lungs, hyperdynamic
left ventricle impulse, ejective II/VI aortic systolic mur-
mur, and Ill/VI aortic diastolic murmur with a gallop
rhythm and water hammer pulse. Chest X-ray, electro-
cardiogram (ECG), transthoracic echocardiogram, con-
trast-enhanced cardiac computed tomography, and
cardiac magnetic resonance were requested. We found
an aneurysmal dilation of the aortic root and ascending
aorta (Fig. 1A) with severe aortic regurgitation, small
ductus, and severe left ventricle systolic dysfunction
with ejection fraction of 33%. Bentall surgery was per-
formed with polytetrafluoroethylene (PTFE) conduit car-
rying a 25 mm St. Jude mechanical valve and 8 mm
dacron grafts for coronary reimplant, a fibrin bio-sealant
was sprayed in the suture points of the valved conduit
(Tysseel® Baxter International Inc. Deerfield, lllinois
U.S.). Cardiopulmonary bypass time was 7 h and aortic
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cross-clamp time was 4 h. Patient received 7 days of
veno-arterial extracorporeal membrane oxygenation
(ECMO) with 95 mL/kg flow, 2 L/min sweep flow,
FiO, 80%, negative pressure of 90 mmHg, and a
100-mmHg transmembrane gradient. Due to sudden
economic restraints, ECMO had to be withdrawn, myo-
cardial ischemia with ST-segment depressions was
documented immediately after. The metallic second
heart sound was significantly decreased. Days after; a
pneumothorax led to cardiac arrest which required
18 min of cardiopulmonary resuscitation (CPR). After
stabilization, urgent coronary angiography was per-
formed. Clinical suspicion was that coronary grafts
would have significant stenoses. A peak-to-peak gradi-
ent of 50 mmHg was recorded during left ventricle to
ascending aorta pullback tracing (Fig. 1B). During a
second (with end hole) catheter withdrawal attempt, the
patient had ventricular fibrillation and required 4-min
CPR and defibrillation in two occasions. After normal-
ization to sinus rhythm, angiography revealed the
absence of single-disc opening with low anterograde
flow (Fig. 1C). Both coronary implants were patent, with
< 30% stenosis. We were able to restore the normal
functioning of the mechanical valve with a pigtail cath-
eter; in the 1! time an attempt was made with a
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Figure 1: A: cardiac computed tomography 3D volume-rendering reconstruction shows aneurysmal dilatation of aortic
root and ascending aorta. B: pullback tracing from left ventricle to aorta. C: valved conduit angiography shows a lack

of opening of one disc in systole.

Figure 2: A: pigtail catheter with stiff proximal shaft of a 0.035" guide wire on dysfunctional disc. B: stiff proximal shaft
guide-wire crossing the mechanical valve. C: immediate mobilization of dysfunctional disc right after guide-wire

withdrawal.

multipurpose 6 Fr catheter placed over the dysfunc-
tional disc and using the stiff proximal shaft of a PTFE-
coated guide wire, but it was unsuccessful. Mobility of
the dysfunctional disc was successfully achieved with
a 6 Fr pigtail catheter and the same PTFE-coated
guidewire; however, the stiff proximal shaft was modi-
fied with a 45° angulation allowing forceful compression
on the disc until full mobility was restored (Fig. 2). An
initial heparin dose of 110 Ul/kg was infused to continue
with a continuous infusion of 20 Ul/kg/h. Transesopha-
geal echocardiogram showed an absence of aortic
regurgitation. Fluoroscopy demonstrated normal open-
ing and closure of both mechanical discs (Fig. 2C).
After catheterization the patient showed slight hemody-
namical improvement, allowing a decrease of inotro-
pes. In the next 72 h, the patient had several episodes
of ventricular tachycardia and had a cardiac arrest due

to ventricular fibrillation without response to CPR. The
postmortem study was not performed.

The first mechanical valve replacement in a human
was performed in 1947 with a cage-ball prosthesis
developed by Charles Hufnagel. Afterward, in 1951 Huf-
nagel and Campbell separately developed similar mod-
els and in 1952 the former placed a caged-ball
mechanical valve in the descending aorta in a patient
with severe aortic regurgitation. This surgery was per-
formed before the introduction of cardiopulmonary
bypass and paved the way for upcoming era of heart
valve replacement. Based on Hufnagel and Campbell’s
work, Harken in 1960 placed an aortic mechanical
valve in a subcoronary position and marked the begin-
ning of valve replacement under cardiopulmonary
bypass. Later on, that year, Starr-Edwards mechanical
valve was utilized for mitral valve replacement. After,
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the 1960’s the ball occlude device was replaced with a
lenticular disc which kept the lateral flow principle’2.

Finally, single-disc and double-disc mechanical
valves were introduced. The latter showed good out-
comes and ushered in a modern era of surgical valve
replacement with growing experience in heart centers
all over the world, albeit not without setbacks. Diverse
complications in the short and long term have been
reported with these new mechanical valves such as
thrombosis, embolism, endocarditis, paravalvular leak,
hemolysis, valve malposition, and dysfunction either
due to lack of closure or opening.

Lack of opening of a mechanical valve is very rare, most
cases being reported in mitral valves due to thrombus and/
or pannus, additionally, mechanical valve dysfunction has
been reported in which immobilization of a disc is due to
surgical bio-sealant used during cardiac surgery+.

Only two reports in children have been published; the
first one in a 13-month-old girl who had thrombosis in
a mitral mechanical valve, in this patient left heart cath-
eterization through transseptal puncture was performed
and disc mobility was restored with a 5 Fr 4.0 curve JR
guide catheter reinforced with a tip-deflecting wire®, the
second is a case series describing five patients who
received thrombolysis with good outcomes®.

Hariram’ described five adult patients with obstructed
mitral mechanical valves and successful transcatheter
manipulation (6 Fr right Judkins) without complications
after failed thrombolysis. No additional procedure was
required in any of these patients other than heparin infu-
sion and optimal international normalized ratio target.

Bentall surgery for replacement of ascending aorta was
introduced in 1968, ever since, it has suffered various
modifications to decrease complications; however, its mor-
bidity and mortality remain significant in high-risk cases®.

The aim of this manuscript is sharing the case of a
pediatric patient in whom the one of discs of the
mechanical valve was immobile more probability by the
used the bio-sealant during cardiac surgery, and it was
possible its resolution by transcatheter route.

In pediatric patients, surgical valvuloplasty or biologi-
cal prostheses are usually preferred over mechanical
valves for surgical treatment of valve disease. In the
aortic valve; Ross surgery is an option for valve replace-
ment. However, with ascending aorta aneurysm, Bentall
surgery is the first-line treatment, oftentimes with a
valved conduit. This case shows a rare early complica-
tion of a mechanical valve presumably secondary to
bio-sealant use. We conducted a literature research and
found only two reports of the absence of opening of
mechanical valves in children, both in mitral position®®.

An important clinic sign of mechanical valve dysfunc-
tion is a decrease in the intensity of the closure sound
of the mechanical valve. Whenever this sign is encoun-
tered, imaging studies must verify the normal function-
ing of the valve. Echocardiography is first-line
investigation, but; it has a poor acoustic window, even
for transesophageal views might hinder adequate visu-
alization. Cardiac computed tomography with retro-
spective ECG-gated acquisitions is an excellent
modality for visualization of a mechanical valve with
high spatial resolution. In our case, cardiac catheteriza-
tion was performed due to hemodynamic instability and
suspicion of coronary stenosis. It is important to seek
for best view; where both discs can be visualized sep-
arately without overlapping images.

Theoretical complications after advancing a catheter
across a mechanical valve are regurgitation or obstruc-
tion due to disc immobilization or entrapment with the
guidewire/catheter between a disc and the valve ring.
In the last 20 years, several techniques to perform left
ventricle to ascending aorta pullback tracing in patients
with mechanical valve have shown minimal risks with-
out mechanical valve complications after crossing of
the discs®'0. During both selective coronary angiogra-
phy and endovascular paravalvular leak treatment,
catheters may inadvertently contact mechanical discs
without causing any complications. In conclusion, cath-
eter crossing and even inadvertent manipulation of
mechanical valves entail a minimum risk of mechanical
valve dysfunction or catheter entrapment.

In our patient with a St. Jude 25 mm valved conduit
after Bentall surgery, mechanical valve dysfunction due
to the absence of one disc opening led up to myocardial
ischemia. Mechanical valve obstruction compromised
stroke volume, systemic arterial pressure, and coronary
perfusion. This hemodynamic derangement in the set-
ting of systolic and diastolic left ventricle dysfunction
predicted a poor prognosis.

After confirmation of mechanical valve disc immobi-
lization, the cardiovascular team must choose among
pharmacological, interventional, and surgical
approaches. Thrombolysis can be attempted depend-
ing of coagulation profile and bleeding risks. Another
option is surgical reintervention, which in our patient
was a high-mortality approach. Hybrid procedures have
been reported as well with good outcomes in adults™.
In our case, attempting to restore mobility with catheter
manipulation proved a safe and effective approach.

Adequate anticoagulation is of utmost importance to
avoid thrombosis/embolism and disc immobilization
after mechanical valve implantation. This might have
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been the cause of mechanical valve dysfunction in our
patient, in whom, due to bleeding risks, heparin dose
was infra-therapeutic and eventually suspended. Pan-
nus is another potential factor for disc immobilization,
but; it takes a longer time and should not be a cause in
acute or sub-acute scenarios. In the third place, the
bio-sealant used during Bentall procedure as a potential
reason for mechanical valve dysfunction is plausible.
We are not sure at what point after surgery valve dys-
function ensued. Restoration of disc mobility after sev-
eral guide-wire attempts makes us think that dysfunction
had been established for several days, ECMO utilization
as a bridge for ventricular function restoration might
have concealed the disc dysfunction. The possibility
that the catheter itself had been the cause of dysfunc-
tion is unlikely, since, no catheter/guide wire entrapment
was reported. Cause of dysfunction valve in our case
was more likely a combination of two factors: first;
bio-sealant use and then; insufficient heparin.

Whenever, if there is a decrease in the metallic com-
ponent of any of the heart sounds, alongside hemody-
namic compromise in patients with mechanical valves
it is imperative to confirm adequate discs mobility,
regardless of echocardiogram findings. In the event of
immobility of one of valve discs, thrombolysis is the
first-line therapy. Percutaneous manipulation of the
mechanical valve is a safe and effective second-line
therapy. Surgical exploration is the last option and must
be deferred as it entails higher mortality.
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