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Abstract
BACKGROUND
[bookmark: OLE_LINK43][bookmark: OLE_LINK44]The coexistence with patent ductus arteriosus (PDA), mitral valve prolapse (MVP), atrial fibrillation (AF) and hyperthyroidism is extremely rare and complex. The optimal therapeutic strategy is difficult to develop.

CASE SUMMARY
[bookmark: OLE_LINK45][bookmark: OLE_LINK46]A 27-year-old female with PDA, MVP, AF and hyperthyroidism presented with severe dyspnea. Given that a one-stage operation for PDA, MVP and AF is high risk, we preferred a sequential multidisciplinary minimally invasive therapeutic strategy. First, PDA transcatheter closure was performed. Hyperthyroidism and heart failure were simultaneously controlled via medical treatment. Video-assisted thoracoscopic mitral valve repair and left atrial appendage occlusion were performed when heart failure was controlled. Under this therapeutic strategy, the patient’s sinus rhythm was restored and maintained. Two years after the treatment, the symptoms of heart failure were relieved, and the enlarged heart was reversed.

CONCLUSION
[bookmark: OLE_LINK47][bookmark: OLE_LINK48]Sequential multidisciplinary therapeutic strategies, which take advantage of both internal medicine and surgical approaches, might be reasonable for this type of disease.
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[bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK42]Core Tip: The coexistence of patent ductus arteriosus (PDA), mitral valve prolapse, atrial fibrillation and hyperthyroidism is extremely rare and complex. We proposed a successful sequential multidisciplinary therapeutic strategy for a 27-year-old female suffering from these four diseases in addition to severe heart failure. PDA transcatheter closure, medical treatment and thoracoscopic mitral valve repair were performed sequentially. Two years after the treatment, the symptoms of heart failure were relieved, sinus rhythm was restored, and the enlarged heart was reversed.


INTRODUCTION
[bookmark: OLE_LINK49][bookmark: OLE_LINK50]Patent ductus arteriosus (PDA), mitral valve prolapse (MVP), atrial fibrillation (AF) and hyperthyroidism are common diseases, but the combination of these four diseases is extremely rare. Transcatheter closure is the preferred treatment for adult PDA[1]. Catheter ablation is the first-line treatment for nonvalvular AF. However, surgery is the first choice for MVP[2]. Additionally, although simultaneous surgical management for these three diseases may be a choice, the risk of three operations over the same period is high given the uncontrolled hyperthyroidism and severe heart failure. Therefore, the optimal therapeutic strategy is difficult to develop. We herein introduce a successful sequential multidisciplinary minimally invasive therapeutic strategy for treating a 27-year-old female with severe heart failure caused by the combination of these four diseases.

CASE PRESENTATION
Chief complaints
[bookmark: OLE_LINK51][bookmark: OLE_LINK52]A 27-year-old female was referred to our hospital complaining of palpitations, irritability, edema of the legs and dyspnea for over ten years. She presented with severe shortness of breath and paroxysmal nocturnal dyspnea for 20 d.

History of present illness
[bookmark: OLE_LINK53][bookmark: OLE_LINK54]The patient developed palpitations, irritability, edema of the legs and dyspnea for over ten years. She was initially diagnosed with hyperthyroidism but failed to achieve a euthyroid state. One month prior, she was diagnosed with PDA, MVP with severe mitral regurgitation (MR) and heart failure [New York Heart Association (NYHA) Classification III] while being treated for hyperthyroidism at a previous hospital. The cardiothoracic surgeons planned to perform one-stage surgery through a standard full median sternotomy when her heart failure had been controlled. She left the hospital and took 7.5 mg qd methimazole, 11.875 mg qd metoprolol, 20 mg qd furosemide and 20 mg qd spironolactone. Twenty days before presentation, she developed severe shortness of breath and paroxysmal nocturnal dyspnea. Given that her heart failure was refractory to medical therapy, she was transferred to our hospital.

History of past illness
[bookmark: OLE_LINK55][bookmark: OLE_LINK56]The patient had no history of past illness.

Personal and family history
[bookmark: OLE_LINK57][bookmark: OLE_LINK58]The patient had no personal or family history.

Physical examination
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]Physical examination showed continuous grade 4/6 murmurs at the left second to third intercostal spaces, systolic grade 3/6 murmurs at the apex with AF, moist rales in both lower lungs and severe edema of both legs.

Laboratory examinations
[bookmark: OLE_LINK61][bookmark: OLE_LINK62]Laboratory examination showed elevated brain natriuretic peptide (BNP, 890.3 pg/mL) and decreased thyroid hormone (TT3 0.53 μg/L, normal 0.66-1.61 μg/L; TT4 36.3 μg/L, normal 54.4-118.5 μg/L; TSH 0.00 mIU/L, normal 0.34-5.6 mIU/L; FT3 2.45 ng/L, normal 2.14-4.21 ng/L; FT4 5.22 ng/L, normal 5.9-12.5 ng/L).

Imaging examinations
[bookmark: OLE_LINK63][bookmark: OLE_LINK64]Echocardiography showed generalized cardiac enlargement, 5.1 mm PDA with a continuous shunt (Figure 1A) and anterior mitral leaflet prolapse with severe MR (Figure 2A and B). The estimated pulmonary artery systolic pressure was 68 mmHg, and the estimated right ventricular pressure was 55 mmHg. The electrocardiogram showed AF with a rapid ventricular rate (Figure 3A). Chest computed tomography scan showed pulmonary edema and bilateral pleural effusions.

FINAL DIAGNOSIS
[bookmark: OLE_LINK65][bookmark: OLE_LINK66]The final diagnosis was PDA, MVP with severe MR, AF, hyperthyroidism, and heart failure (NYHA Classification IV).

TREATMENT
[bookmark: OLE_LINK67][bookmark: OLE_LINK68]One-stage surgery for PDA, MVP and AF is high risk due to severe refractory heart failure (NYHA Classification IV). Moreover, the patient wanted to avoid median sternotomy given that it results in a large scar on the chest. After a thorough discussion with endocrinologists, cardiologists and cardiothoracic surgeons, a sequential multidisciplinary minimally invasive therapeutic strategy was formulated. First, PDA transcatheter closure was performed. Hyperthyroidism and heart failure were controlled simultaneously via medical treatment. Video-assisted thoracoscopic mitral valve repair and left atrial appendage (LAA) occlusion were performed when her heart failure was controlled.
An 8-10 mm SHSMA PDA duct occluder (Shanghai Shape Memory Alloy Co. Ltd. Shanghai, China) was deployed across the PDA by catheterization through a sheath introduced from the right femoral vein under local anesthesia (Figure 4). Complete closure of the ductus was obtained immediately. As little contrast agent as possible was injected to minimize the impact on the thyroid. After catheterization, the patient was administered sacubitril valsartan sodium (25 mg bid) and a lower dose of methimazole (2.5 mg qd).
Two months later, she exhibited mild exertional dyspnea (NYHA Classification II). Video-assisted thoracoscopic mitral valve repair and LAA occlusion were then performed successfully through a minimal right infra-axillary thoracotomy using femorofemoral extracorporeal circulation. Chordal replacement was used to correct prolapse of the anterior leaflet with three artificial chordaes made of expanded polytetrafluoroethylene sutures (Gore-Tex sutures; W.L. Gore & Associates Inc, Elkton, Md). Annuloplasty ring implantation was performed (32-mm annuloplasty ring, Medtronic Inc., Minnesota, United States). The patient also underwent LAA exclusion using an LAA clip device (PM-LAA-40, Beijing Puhui Biomedical Engineering Co., Ltd, Beijing, China). After weaning from cardiopulmonary bypass, intraoperative transesophageal echocardiography was used to confirm successful LAA occlusion and mitral valve repair (Figure 5). After surgery, the dose of sacubitril valsartan sodium (50 mg bid) was increased.

OUTCOME AND FOLLOW-UP
[bookmark: OLE_LINK69][bookmark: OLE_LINK70]Sinus rhythm was regained 3 mo after surgery (Figure 3B). Two years after the treatment, the symptoms of heart failure were relieved (NYHA Classification I), and sinus rhythm was maintained. Transthoracic echocardiography showed complete closure of the ductus (Figure 1B) and mind MR (Figure 2D). The enlarged heart gradually shrunk (Table 1). Blood BNP also notably decreased (129.1 vs 890.3 pg/mL).

DISCUSSION
[bookmark: OLE_LINK71][bookmark: OLE_LINK72]PDA, MVP, AF, and hyperthyroidism are common diseases, but the combination of these four diseases is extremely rare. No previous report has provided a therapeutic strategy for the combination of these four diseases. Minimally invasive and multidisciplinary strategies are the current trends in clinical treatment[3]. Therefore, we developed a sequential multidisciplinary minimally invasive therapeutic strategy based on the pathophysiological characteristics and main treatment methods of these four diseases. Hyperthyroidism can lead to AF and high-output heart failure. The long-standing MVP of the patient results in primary mitral regurgitation for many years, during which time the size of the left atrium and ventricle increase and the contractility of the left ventricle decreases. Mitral valve repair is recommended in symptomatic patients with MVP alone and low surgical risk[2]. PDA results in left-to-right shunt and left ventricular volume overload and remodeling, which can also lead to heart failure. Device closure is recommended, as this procedure has excellent technical success and minimal morbidity, supplanting operative ligation in adults[4]. The treatment of AF includes antiarrhythmic drugs, catheter ablation and surgical ablation. However, AF may be secondary to hyperthyroidism and severe mitral regurgitation in this case. Therefore, MVP and PDA should be treated first after hyperthyroidism is controlled via drugs.
[bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK1]The traditional approach for treating congenital heart disease with valvular disease is one-stage surgery with median sternotomy. A study showed that one-stage open-heart mitral valve repair, tricuspid annuloplasty, PDA direct closure and radiofrequency-modified maze procedures were successfully performed in a 73-year-old female[5]. Recently, a one-stage hybrid procedure was performed as a valuable alternative with the advantages of reducing trauma as well as recovery and hospitalization time[6-8]. However, the young female wanted to avoid median sternotomy due to its huge scarring on the chest. However, the patient had a high surgical risk due to severe heart failure. Therefore, one-stage surgery might not represent the ideal therapeutic strategy for this patient.
Transcatheter closure is the preferred treatment for adult PDA with minimal anesthetic risk and incidence of associated complications[1]. Moreover, a few reports have confirmed that transcatheter PDA occlusion can reduce the volume load of the left ventricle and functional mitral regurgitation[9,10]. Closing the PDA is likely to reverse left atrial and ventricular enlargement and will possibly provide symptom relief[11]. Based on the above reasons, transcatheter PDA occlusion combined with antithyroid drug therapy was the optimal choice as the initial treatment with low risk and trauma. As little contrast agent as possible was injected to minimize the impact on the thyroid. After PDA occlusion and optimization of drug therapy for 2 mo, her heart failure improved significantly (NYHA Classification II).
Valve repair combined with maze surgery is the standard treatment for patients with MVP and AF. However, AF may be secondary to hyperthyroidism and severe mitral regurgitation in this case. Accordingly, we did not perform the Maze procedure, which would cause substantial trauma to the left atrium. The minimal right axillary incision was selected for mitral valve repair with satisfactory cosmetic results. The LAA was simultaneously clipped to avoid thrombosis[12]. Consistent with expectations, sinus rhythm was recovered and maintained. Therefore, catheter ablation was not needed, and both the injury and additional financial expenditure of AF ablation to the patient were avoided.
Although multiple hospitalizations are needed, the multidisciplinary sequential minimally invasive therapeutic strategy can significantly reduce the surgical risk, avoid the trauma and complications of median sternotomy, and shorten the recovery time compared with one-stage surgery in this case.

CONCLUSION
[bookmark: OLE_LINK73][bookmark: OLE_LINK74]Our successful experience in this patient shows that a sequential multidisciplinary therapeutic strategy, which can take advantage of both internal medicine and surgical approaches, might be reasonable for this type of disease.
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Figure Legends
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[bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK17]Figure 1 Patent ductus arteriosus assessment by transthoracic echocardiography. A: A 5.1-mm patent ductus arteriosus before occlusion (arrow); B: No residual shunt 2 years after occlusion (arrow).
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Figure 2 Mitral valve assessment by transthoracic echocardiography. A and B: Echocardiography before surgery showed mitral anterior leaflet prolapse with severe eccentric regurgitation; C and D: Two years after surgery, echocardiography showed mild mitral regurgitation.
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[bookmark: OLE_LINK81][bookmark: OLE_LINK82]Figure 3 Electrocardiogram. A: Baseline; B: Postsurgery.
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[bookmark: OLE_LINK83][bookmark: OLE_LINK84]Figure 4 Transcatheter patent ductus arteriosus occlusion. A: Patent ductus arteriosus (PDA) in the catheterization (arrow); B and C: complete closure of PDA during catheterization and the PDA occluder (arrow).
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[bookmark: OLE_LINK85][bookmark: OLE_LINK86]Figure 5 Intraoperative transesophageal echocardiography. A: Left atrial appendage assessment; B: Left atrial appendage occlusion; C: Severe eccentric mitral regurgitation before chordal replacement; D: Decreased mitral regurgitation after chordal replacement.
Table 1 Echocardiographic assessment
	Echocardiographic time
	LVEF (%)
	LVIDd (mm)
	LVIDs (mm)
	LA (mm)
	RV (mm)
	RA (mm)

	Pre-PDA closure
	57
	59
	41
	50
	30
	45

	Post-PDA closure
	69
	62
	38
	49
	33
	41

	Pre-surgery
	60
	60
	40
	51
	25
	46

	Post-surgery
	51
	55
	41
	39
	26
	46

	Three months after surgery
	62
	48
	32
	39
	23
	44

	Six months after surgery
	68
	49
	31
	44
	23
	33

	One year after surgery
	67
	51
	32
	39
	20
	34

	Two years after surgery
	67
	52
	32
	43
	20
	35


LA: Left atrial anteroposterior diameter; LVEF: Left ventricular ejection fraction; LVIDd: Left ventricular internal diameter in end-diastole; LVIDs: Left ventricular internal diameter in end-systole; PDA: Patent ductus arteriosus; RA: Right atrial diameter; RV: Right ventricular diameter.
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