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Abstract 

Transvalvular leakage (TVL) of a prosthetic heart valve is not negligible 

regurgitant flow in patients with critically low contractile function. Although the opening 

function of prosthetic valves has been reported, its closing function is not well understood. 

A man in his 70s had a history of mitral valve replacement (MVR) with a Magna Mitral® 

valve for ischemic mitral valve regurgitation. He presented with dyspnea two years 

postoperatively. Echocardiography showed moderate TVL. The pulmonary capillary 

wedge pressure and cardiac index were 37 mmHg and 1.65 L/min/m2, respectively. 

Because we considered his TVL relevant, we performed re-do MVR with a mechanical 

valve and papillary muscle approximation and suspension (“papillary muscle tugging 

approximation”). His cardiac function improved postoperatively; he was discharged with 

New York Heart Association class I. For MVR in patients with critically low contractile 

function, prosthetic valves, such as mechanical valves, with small TVL are recommended. 
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Introduction 

The selection of prosthetic valves in mitral valve replacement (MVR) has been 

mainly based on the risk of anticoagulation-related bleeding and thromboembolism with 

a mechanical valve versus the risk of structural valve deterioration with a bioprosthetic 

valve or on the patient’s lifestyle and preferences [1, 2]. The opening functional 

parameters of prosthetic valves such as effective orifice area and pressure gradient have 

been reported [3-5]. However, their closing function is not well understood. Although 

transvalvular leakage (TVL) of prosthetic valves is usually considered negligible 

regurgitant flow in patients with preserved contractile function, it may become significant 

in those with critically low contractile function. Re-do MVR for TVL of the bioprosthetic 

valve for patients with severely deteriorated ischemic cardiomyopathy (ICM) has not 

been reported. Herein, we report a case of re-do MVR with a mechanical valve for 

significant TVL after MVR with Magna Mitral® valve (Edwards Lifesciences LLC, 

Irvine, CA).  

 

Case Report  
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A man in his 70s with ICM and mitral valve regurgitation was admitted to our 

hospital due to dyspnea. He underwent MVR with Magna Mitral® valve (29 mm) 

(Edwards Lifesciences LLC) with total chordal preservation (anterior leaflet was cut in 

the A2 part and divided at both commissure), papillary muscle approximation, and 

tricuspid valve annuloplasty with Contour 3D annuloplasty ring® (Medtronic, 

Minneapolis, MN). He was discharged with improved New York Heart Association 

(NYHA) class and mild TVL. Two years postoperatively, he presented with dyspnea after 

walking only 10 meters. His brain natriuretic peptide (BNP) level was 3500–5000 pg/mL. 

His electrocardiogram showed normal sinus rhythm. Echocardiography (Figure 1a), 

right-heart catheter examination, and single photon emission computed tomography were 

performed preoperatively (Table 1). Preoperative echocardiography showed moderate 

TVL through the bioprosthetic valve at the mitral position. TVL grade was mild, mild, 

mild-moderate, and moderate in just after MVR, 6 months after MVR, 1 year after MVR, 

and just before second MVR. The pressure gradient between the left ventricle and left 

atrium, which was considered the closing force of the bioprosthetic valve, was decreased 

from 81 to 58 mmHg, just after the first MVR and before the second MVR, respectively. 

The mean pressure gradient of the bioprosthetic valve was 3.6 and 3.8 mmHg just after 
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first MVR and the second MVR, respectively. Therefore, we denied mitral bioprosthetic 

valve stenosis. Preoperative coronary angiography showed no significant stenosis. We 

considered the TVL to be relevant in this patient with low forward stroke volume (SV). 

To eliminate moderate TVL, we performed re-do MVR with a mechanical valve. 

We also concomitantly performed our original procedure “papillary muscle tugging 

approximation” to improve the efficiency of forward stroke by directing the contraction 

of the papillary muscles toward the left ventricular outflow tract**. A mechanical valve 

was selected to minimize TVL and not to disturb the approximated papillary muscles and 

chordae tendineae. Detailed surgical procedures were as follows: The previous mitral 

bioprosthetic valve appeared to be grossly normal and there was not fibrin, clot, and the 

findings of interference of preserved chordae. The previous ligatures between the 

papillary muscles were loosened. The papillary muscles were approximated again with 4-

0 Prolene and suspended toward the annulus of C1, A2, and C2 with three expanded 

polytetrafluoroethylene sutures (CV-4). Finally, re-do MVR was performed at the intra-

annular position with a mechanical valve (27 mm; St Jude Medical, Minnesota, USA). 

According to the detailed examination by the manufacturer, there was no structural 

valvular deterioration in the explanted bioprosthetic valve. Table 1 shows the 
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preoperative and postoperative cardiac function data. LVEF, forward SV, and cardiac 

output and index increased postoperatively. TVL was mild (Figure 1b). Pulmonary 

arterial pressure (PAP) and pulmonary capillary wedge pressure decreased 

postoperatively. The patient was discharged on postoperative day 39 with NYHA class I. 

He continued to be with NYHA class I, and his BNP level was decreased to 1500 pg/mL 

at 6 months postoperatively.  

Informed consent was obtained from the patient for the publication of this case 

report and accompanying images. 

 

 

Discussion 

We reported a case of re-do MVR with a mechanical valve to treat moderate TVL 

of a Magna Mitral valve® (Edwards Lifesciences LLC). We attributed the patient’s 

congestive heart failure to moderate TVL. In recent European guidelines, moderate 

regurgitation in ICM is considered severe in secondary mitral regurgitation given its poor 

prognosis [1]. Furthermore, his worsened TVL would have been caused by the decreased 
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closing force of the prosthetic valve. This decreased left ventricular closing force would 

be due to the natural course of ICM or loosened sutures for papillary muscle 

approximation. Another mechanism would be change of flow direction. The large left 

atrium and ventricle would make the difference between the axis of the tissue valve and 

the direction of the intraventricular systolic flow. The difference might result in uneven 

pressure to each leaflet of the bioprosthesis, which may also potentially worsen TVL. For 

MVR in patients with critically low contractile function, we should not only consider the 

opening function but also the closing function of artificial valves.  

 

  

Closing function of prosthetic valves 

Although long-term durability and hemodynamic performance of bioprosthetic 

valves have been widely reported [4, 5], information about regurgitant flow (TVL) is 

limited. Regurgitant flow of bioprosthetic valves was reported in an in vitro study. Gerosa 

et al. reported that Carpentier-Edwards Magna® valve (Edwards Lifesciences LLC) had 

the largest total regurgitant volume in the five commercially available bioprosthetic 
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valves (Sorin Soprano®, Carpentier-Edwards Magna®, SJM-Biocor-Epic-Supra®, 

Medtronic Mosaic®, and Mitroflow®). The regurgitant volume of the Magna® valve 

(Edwards Lifesciences LLC) in an aortic valve position did not change even in various 

cardiac outputs (12.64 mL/beat in cardiac output 2.0 L/min, diastolic pressure 80 mmHg) 

[7]. Dzemali et al. reported that the Magna® valve (Edwards Lifesciences LLC) at the 

aortic valve position demonstrated an increased diastolic energy loss compared with 

Medtronic Mosaic® valve (5.4±1.1% versus 2.2±0.6%) in a low-output situation due to 

the closing delay, which was associated with regurgitant flow [8]. They recommended 

porcine prosthesis than bovine valves in heart failure patients from the point of closing 

function. We agree with that the porcine valve is better than the bovine pericardial valve 

in patients with severely deteriorated cardiac function. We can also choose a porcine 

valve with low profile. Regurgitant flow of mechanical valves has been reported to be 4-

9 mL including physiological flow for five commercially available valves in an in vitro 

study [9]. Therefore, Magna Mitral® (Edwards Lifesciences LLC) may have the risk of 

TVL in patients with critically low contractile function. Notably, mechanical valves have 

lower regurgitant flow than Magna® valves (Edwards Lifesciences LLC). 
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Opening function of prosthetic valves 

Regarding the opening function of prosthetic valves, effective orifice area and 

pressure gradient have been reported [3-5]. Recently, preferable results have been 

reported for MVR with mechanical valves in patients with ICM [10], showing that MVR 

with mechanical valves was superior to MVR with bioprosthetic valves in terms of the 6-

minute walk test and exercise stress echocardiographic parameters. They also reported 

30% reduction in PAP during exercise and 50% reduction in cardiac-related 

hospitalization after MVR with mechanical valves compared with MVR with 

bioprosthetic valves. These results were attributed to larger effective orifice area in 

mechanical valves, which would prevent patient prosthesis mismatch [7, 9, 10]. In the 

present case, the larger effective orifice area with the mechanical valve may have 

influenced the increased forward SV. 

 

Implications for additional subvalvular procedure to MVR 

The strategy of mitral valve repair or MVR in patients with ischemic mitral valve 

regurgitation is not well established [11]. Chordal-sparing MVR has been reported to 



11 

 

improve left ventricular function during exercise [12]. Yun et al. reported that complete 

retention of the subvalvular apparatus during MVR resulted in improved ejection 

performance and smaller chamber volumes due to reduced systolic wall stress compared 

with posterior chordal preservation alone [13]. Therefore, the chordal preservation could 

influence closing function after MVR. Goldstein et al. reported no significant difference 

in LV reverse remodeling or survival at 2 years between patients who underwent mitral 

valve repair and those who underwent MVR for severe ischemic mitral valve 

regurgitation [6]. Nonetheless, the rate of death at 2 years was still high (23.2%) even 

after complete chordal-sparing MVR. As an additional procedure to chordal-sparing 

MVR, we have recently developed “papillary muscle tugging approximation” 

concomitant with MVR for 14 patients with functional mitral regurgitation and severely 

dilated heart**. For this subvalvular procedure, mechanical valves with low profile would 

be more preferable to bioprosthetic valves. We are following the patients to examine the 

long-term clinical benefits of this new approach. 

 

 

Conclusion 
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For patients with critically low contractile function, MVR with a mechanical 

valve would be recommended because of the advantages in opening and closing functions 

and possible additional subvalvular procedures.   
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Figure legends 

Figure 1. a) Preoperative apical long axis view showing moderate transvalvular leakage 

(TVL) through the bioprosthetic valve. Bioprosthetic valve was slightly tilted to the 

ventricular septum. b) Postoperative apical long axis view showing mild TVL through 

the mechanical valve. 
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Table 1. Pre- and postoperative parameters of cardiac function in first and second MVR 

 

Preoperative data 
of first MVR 

Postoperative data 
of first MVR 

Preoperative data 
of second MVR 

Postoperative data 
of second MVR 

Echocardiogram   
  

  LVDd, mm 76 71 86 85 

  LVds, mm 69 67 83 82 

  LVEF, % 28 19 12 15 

  Forward SV, mL 59 59 32 42 

  Mitral regurgitation grade Severe mild Moderate Mild 

Right heart catheter None None 
  

  RAP, mmHg   18 11 

  PAP, mmHg, s/d/m   50/35/40 37/22/27 

  PCWP, mmHg   36 17 

  PVR, wood   1.5 2.5 

  CO, L/min   2.65 3.98 

  CI, L/min/m2   1.65 2.47 

SPECT None None 
  

  EDV, mL   641 476 
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  ESV, mL   602 411 

  LVEF, %   6 14 

CI: cardiac index; CO: cardiac output; LVDd/s: end-diastolic/end-systolic left ventricular dimension; LVEF: left 
ventricular ejection fraction; PAP: pulmonary artery pressure; PCWP: pulmonary capillary wedge pressure; 
PVR: pulmonary vascular resistance, RAP: right atrium pressure; SPECT: single photon emission computed 
tomography; SV: stroke volume; ESV: end-systolic volume; EDV: end-diastolic volume  
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