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CASE REPORT
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ABSTRACT: Background: Hypoattenuating leaflet thickening (HALT) is a reported complication following
percutaneous pulmonary valve implantation (PPVI) Case description: A 32-year-old man with a history of
repaired Tetralogy of Fallot (TOF) underwent PPVI for symptomatic severe pulmonary regurgitation (PR). The
postoperative course was complicated by HALT diagnosed by computed tomography (CT) within 24 h of the
procedure. Anticoagulation therapy was administered, and reassessment CT at 4 months showed resolution of HALT.
Conclusion: HALT following PPVI is managed with anticoagulation yet consensus for optimal management strategy
is lacking.
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1 Introduction

PPVI is an effective and lower-risk alternative to surgery for treating dysfunctional right ventricular
outflow tract (RVOT). As with transcatheter aortic valve implantation (TAVI), leaflet thrombosis
following PPVI is a recognized postoperative complication that may compromise valve durability. While
hypoattenuating leaflet thickening (HALT) represents subclinical leaflet thrombosis (SLT), hypoattenuation
affecting motion (HAM) refers to clinical leaflet dysfunction due to thrombosis. The prevalence of HALT
and HAM following PPVI has been reported as 17.4% and 6.5%, respectively, in a retrospective cohort study
of 109 patients [1].

2 Case Presentation

A 32-year-old man with repaired tetralogy of Fallot (TOF) was referred to our unit for consideration
of pulmonic valve replacement (PVR). He presented with worsening exercise tolerance over the course
of one year. Serial transthoracic echocardiography (TTE) showed a progressively dilated right ventricle
(RV) with impaired systolic function and severe PR (Fig. 1A—Severe PR). Cardiac magnetic resonance
imaging revealed an RV end-diastolic volume index of 166 mL/m2 and a PR fraction of 64%. CT showed a
pyramidal-shaped RVOT (Type I) and ectasia of the main pulmonary artery (MPA). Balloon interrogation of
the RVOT demonstrated a dilated MPA with a minimal waist of 34 mm. A multidisciplinary team, including
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cardiothoracic surgeons, pediatric cardiologists, and adult congenital heart specialists, recommended PPVI.
The anti-thrombotic regimen consisted of loading doses of aspirin 320 mg and clopidogrel 300 mg once
before the procedure, followed by lifelong aspirin 80 mg daily and clopidogrel 75 mg daily for 6 months
after the procedure. Subsequently, a Harmony Transcatheter Pulmonary Valve (TPV) 25 (manufactured
by Medtronic) was implanted. Intraoperatively, intravenous unfractionated heparin was administered to
maintain an activated clotting time (ACT) of 250–350 s. The final angiogram showed good valve position,
patency, and competence, with no distortion of the valve frame (Fig. 1B—Intraoperative final angiogram).
Immediately post-implantation, invasive hemodynamic assessment demonstrated no pressure gradient
across the prosthesis.

Figure 1: (A) Severe PR (red arrow). (B) Intraoperative final angiogram. (C) Elevated pressure gradient across TPV
on TTE (red arrow). (D) Leaflet thickening on CT with 3-D reconstruction in systolic phase (red arrow). (E) Leaflet
thickening on CT with 3-D reconstruction in diastolic phase (red arrow). (F) Resolution of leaflet thickening on
reassessment CT at 4 months with 3-D reconstruction in systolic phase (red arrow). (G) Resolution of leaflet thickening
on reassessment CT at 4 months with 3-D reconstruction in diastolic phase (red arrow).

On day one, a new-onset grade 2/6 ejection systolic murmur over the pulmonic area was audible.
TTE showed stable prosthesis position and conformation, but the maximum and mean Doppler gradients
were elevated at 35 mmHg and 17 mmHg, respectively (Fig. 1C—Elevated pressure gradient across TPV on
TTE). As the patient was asymptomatic, subclinical leaflet thrombosis (SLT) was suspected. The patient’s
body weight and height were 73 kg and 176 cm, respectively, with a body surface area of 1.89 m2. The
indexed effective orifice area was 1.58 cm2/m2, arguing against patient–prosthesis mismatch [2]. Urgent
computed tomography (CT) revealed HALT without distortion of the valve frame (Fig. 1D,E—Leaflet
thickening on CT with 3-D reconstruction in systolic phase and diastolic phase). Genetic testing detected a
CYP2C19*1/*1 diplotype with no CYP2C19*2 or CYP2C19*3 alleles, indicating that clopidogrel resistance
was unlikely. Systemic anticoagulation with intravenous unfractionated heparin was administered to
maintain an activated partial thromboplastin time (APTT) of 50–75 s for one day, followed by oral apixaban
5 mg twice daily. Reassessment CT at 4 months showed resolution of HALT (Fig. 1F,G—Resolution of leaflet
thickening on reassessment CT at 4 months with 3-D reconstruction in systolic phase and diastolic phase).
Reassessment TTE demonstrated improved maximum and mean gradients of 22 mmHg and 12 mmHg,
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respectively. The resolution of HALT on CT following anticoagulation strongly suggested thrombotic
aetiology. Apixaban was continued at 5 mg twice daily until one year postoperatively, followed by lifelong
aspirin 80 mg daily. Gradients across the TPV on TTE at one year remained stable.

Ethics approval is waived because it is a retrospective case analysis complying with the standard of
care without the addition of a new intervention. The author(s) have obtained consent for reproduction of
images in accordance with the international rules outlined in the Declaration of Helsinki.

3 Discussion

The Harmony TPV is a porcine pericardial tissue valve sewn onto a self-expanding nitinol frame
covered in a polyester knit fabric. Studies have shown that the Harmony TPV yields favorable clinical
outcomes at 3–5 years [3]. Despite well-demonstrated device safety, the incidence of Harmony TPV
thrombosis was reported to be 3.4% in a previous registry [4]. HALT is not specific to the Harmony TPV;
cases involving other transcatheter pulmonary valve platforms have also been reported. In our case, an
unexpected and very early rise in valve gradient occurred postoperatively. Possible reasons for early
Harmony TPV dysfunction include device under-expansion, valve thrombosis related to an inadequate
antithrombotic or anticoagulant regimen, or frame distortion [5,6]. To help prevent these complications,
the use of intraoperative intravascular ultrasound (IVUS) has been previously described [7]. IVUS allows
precise verification of valve stent expansion, interactions between the valve stent and vessel wall along the
landing zone, and areas of inadequate apposition associated with paravalvular leaks. Application of IVUS
may guide optimization strategies such as post-dilatation to minimize the risk of leaflet thrombosis.

When valve leaflet thrombosis or HALT is suspected, CT is the mainstay of diagnosis. The utility of
CT is supported by a study of 99 patients undergoing TAVI with SAPIEN XT or SAPIEN 3, which used
thrombus attenuation to predict HALT resolution [8].

Studies have shown that HALT following TAVI is independently associatedwith inferior valve durability
and long-term mortality [9]. Vitamin K antagonists or non-vitamin K oral anticoagulants remain the
cornerstone treatment for leaflet thrombosis after TAVI [10]. This treatment strategy is extrapolated
to PPVI. Anticoagulation has been shown to be effective in treating patients with HALT after Venus
p-valve implantation [11]. Similarly, a report described treating patients with HALT after PPVI using the
Harmony TPV 25 with oral anticoagulation [5]. Nevertheless, evidence regarding the progression of valve
dysfunction due to leaflet thrombosis following PPVI and its relationship to optimal antithrombotic therapy
remains lacking.

4 Conclusion

This case represents HALT diagnosed within 24 h following PPVI that was successfully managed with
anticoagulation. HALT and HAM after PPVI are emerging clinical entities that require timely recognition,
management, and prevention. More real-world data are needed to formulate optimal preoperative regimens
and treatment strategies.
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