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Abstract
BACKGROUND
[bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK10][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK11][bookmark: OLE_LINK12]With an increased number of surgical procedures involving the mitral annular region, the risk of mitral valve prolapse (MVP) has also increased. Previous studies have reported that worsening of MVP occurred early after radiofrequency catheter ablation (RFCA) at papillary muscles in ventricular tachycardia (VT) patients with preoperative MVP. 

CASE SUMMARY
[bookmark: OLE_LINK67][bookmark: OLE_LINK68]We report a case where MVP and papillary muscle rupture occurred 2 wk after RFCA in a papillary muscle originated VT patient without mitral valve regurgitation or prolapse before. The patient then underwent mitral valve replacement with no premature ventricular contraction or VT. During the surgery, a papillary muscle rupture was identified. Pathological examination showed necrosis of the papillary muscle. The patient recovered after mitral valve replacement. 

CONCLUSION
[bookmark: OLE_LINK69][bookmark: OLE_LINK70]Too many ablation procedures and energy should be avoided.
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[bookmark: OLE_LINK52][bookmark: OLE_LINK53]Sun Z, Wu B, Ying X, Zhang B, Yao L, Zheng LR. Delayed papillary muscle rupture after radiofrequency catheter ablation: A case report. World J Clin Cases 2021; In press

[bookmark: OLE_LINK54][bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16]Core Tip: The risk of early mitral valve prolapse (MVP) increases after radiofrequency catheter ablation (RFCA). However, the delayed MVP after RFCA was not reported before. We report the first case of delayed MVP after RFCA and analyze the reason.

INTRODUCTION
[bookmark: OLE_LINK71][bookmark: OLE_LINK72]Previous studies have reported cases where mitral valve prolapse (MVP) occurred early after cardiac interventional surgery[1,2] due to mechanical injury and radio frequency (RF) energy. In these cases, patients had mild-to-moderate mitral valve regurgitation before and the MVP occurred early after the operation and was a result of ruptured chordae tendineae. However, there are no reports investigating the delayed rupture of papillary muscles. Here, we report a rare case of delayed rupture of papillary muscles occurring 2 wk after radiofrequency catheter ablation (RFCA) of ventricular tachycardia that originated from papillary muscles. Pathological examination revealed necrosis of the papillary muscle. The patient underwent mitral valve replacement and fully recovered.

CASE PRESENTATION
Chief complaints
[bookmark: OLE_LINK73][bookmark: OLE_LINK74]A 58-year-old man who received aortic valve replacement 4 years ago due to aortic regurgitation was referred to our hospital in March 2020 since he experienced syncope 1 d before. 

History of present illness
[bookmark: OLE_LINK75][bookmark: OLE_LINK76]The patient experienced syncope 1 d before when he was watching TV on bed. And the consciousness recovered after 5 min and the patient visited our emergency center. In our emergency center, the patient received amiodarone at a dose of 200 mg three times per day until hospitalization.

History of past illness
[bookmark: OLE_LINK77][bookmark: OLE_LINK78][bookmark: OLE_LINK79]The patient received aortic valve replacement 4 years ago due to aortic regurgitation. The patient had no other illness in the past, such as arterial hypertension, diabetes, dyslipidemia, chronic heart failure, and renal dysfunction.

Personal and family history
[bookmark: OLE_LINK80][bookmark: OLE_LINK81]The patient had a long history of heavy smoking.

Physical examination
[bookmark: OLE_LINK82][bookmark: OLE_LINK83]The physical examination revealed no significant abnormalities.

Laboratory examinations
[bookmark: OLE_LINK84][bookmark: OLE_LINK85]The laboratory examinations revealed no significant abnormalities. The detailed results of the laboratory examinations can be seen in Table 1.

Imaging examinations
[bookmark: OLE_LINK86][bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK20][bookmark: OLE_LINK19]The Holter monitor showed paired ventricular premature contraction (Supplementary Figure 1A) and paroxysmal ventricular tachycardia (Supplementary Figure 1B). A computed tomography scan of the head showed no signs of cerebral hemorrhaging. Echocardiography revealed no mitral stenosis or regurgitation present at that time (Supplementary Figure 1C). The LVEF was 65% and the function of the aortic bioprosthetic valve was normal.

[bookmark: OLE_LINK87][bookmark: OLE_LINK88]RFCA procedure
The electrophysiology study and RFCA were performed using a 3-dimensional mapping system (CARTO UNIV; Biosense Webster, Diamond Bar, CA). The three-dimensional geometries of the left ventricle (LV) and the papillary muscles were reconstructed by intracardiac echocardiography (ICE) (SOUNDSTAR; Biosense Webster). An ablation catheter (NAVISTAR Thermocool Smart Touch, Biosense Webster) was introduced into the aortic valve, where no potential was recorded on it. The transseptal approach was used to place the ablation catheter into the LV since it was difficult to do so by the transaortic approach. Detailed activation and pace mapping were performed in the anterolateral papillary muscle (ALPM) area of the LV. A 0.05-Hz high-pass filter and a 500-Hz low-pass filter were used with virtual unipolar electrograms while a 30-Hz high-pass filter and a 500-Hz low-pass filter were used with virtual bipolar electrograms. The local fractional potential at the base of ALPM preceding the onset of surface QRS at 10 ms was recorded with a “QS” pattern in the unipolar mode. Pace morphologies were not satisfactory at the septal sides of the APLM (Supplementary Figure 2). The most optimal pace score of these three sites with pace mapping software (PASO) was 0.891 (Supplementary Figure 2A, pace 1). Tentative RFCA at these sites was performed using 40 W with an irrigation flow rate of 30 mL/min. When acceleration or reduction of ventricular tachycardia (VT) was observed at the beginning of the application, RFCA current delivery was continued for an additional 180 s. The VT turned into bigeminy of premature ventricular contractions (PVCs) after repeated ablation (Supplementary Figure 3). Another eight rounds of circumferential ablation at the base of the ALPM was performed with a total RFCA time of 14 min 23 s, mainly considering the possible origin of VT in ALPM. However, the PVCs returned to VT again several minutes after ablation.
The extensive pace and activation mapping were performed as a next step. The perfect pace-map site with a 0.995 PASO score was identified at another top of ALPM (Supplementary Figure 4). The ablation catheter on this site also recorded a complex fractional prepotential preceding the onset of surface QRS complex at 20 ms. And a QS pattern was recorded by a local unipolar lead during the PVCs at this site (Figure 1). Therefore, ablation on this site of the papillary muscle was performed under electroanatomic map guidance combined with real-time ICE. The RFCA current was delivered in power control mode, starting at 40 W and gradually raised to 45 W with an irrigation flow rate of 30 mL/min. The VT rate slowed down and was successfully eliminated during ablation at this site (Supplementary Figure 5). Three times of additional RFCA was performed for consolidation with a total RF time of 6 min.
After RFCA, the patient was monitored for 20 min. During the monitoring period, no ventricular arrhythmias were induced even after programmed electrical stimulation with isoproterenol infusion. No complications such as steam pop, pericardial effusion, or mitral valve injury were observed (Supplementary Video 1). We reanalyzed using a Holter monitor and found no presence of ventricular tachycardia after the operation. The patient was then discharged from the hospital 1 wk after the operation with no symptoms. 
Approximately 1 wk later (2 wk after RFCA), the patient experienced dyspnea and revisited the hospital. Echocardiography showed severe mitral valve prolapse (Figure 2A and B).

FINAL DIAGNOSIS
[bookmark: OLE_LINK89][bookmark: OLE_LINK90]The final diagnosis of the presented case was delayed MVP after RFCA.

TREATMENT
[bookmark: OLE_LINK91][bookmark: OLE_LINK92]The patient received mitral valve replacement. During the operation, the papillary muscle was found to be ruptured and was entering into the left atrium (Figure 2C), with another end in the left ventricle (Figure 2D). The mitral valve was removed (Figure 2E) and replaced with a bioprosthetic valve. Echocardiography was performed after the operation to find the normal function of the bioprosthetic mitral valve. Pathological examination revealed that the papillary muscle underwent necrosis and karyolysis (Figure 3A). There was no necrosis present in the chordae tendineae (Figure 3B). After the operation, the symptom of dyspnea resolved.

OUTCOME AND FOLLOW-UP
[bookmark: OLE_LINK93][bookmark: OLE_LINK94]The patient was followed at 1, 3, and 6 mo after the surgery. And the function of the bioprostheticmitral valve was normal and there was no symptom of dyspnea after the surgery.

DISCUSSION
[bookmark: OLE_LINK95][bookmark: OLE_LINK96][bookmark: OLE_LINK22][bookmark: OLE_LINK21][bookmark: OLE_LINK29][bookmark: OLE_LINK17][bookmark: OLE_LINK18]In this paper, we report a case where delayed rupture of a papillary muscle occurred after RFCA. The patient showed no mitral valve regurgitation before RFCA and the rupture of papillary muscle occurred 2 wk after RFCA of ventricular tachycardia originating from anterolateral papillary muscle (ALPM). Pathological examination showed necrosis of the papillary muscles. To our knowledge, this is the first case report on delayed rupture of papillary muscles after RFCA.
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]Several mitral valve prolapse cases occurring after catheter operations have been reported[1,2]. However, our case differed from previously reported cases. For instance, four patients with atrial fibrillation reported by Desimone et al[2] developed MVP due to mechanical injury caused by a circular mapping catheter. Two patients with accessory pathways developed MVP due to mechanical injury or ablation of the mitral valve annulus. Desimone et al[2] also reported three VT cases where two cases developed MVP due to ablation at mitral valve annulus or mitral isthmus. Only one case was reported with ablation at papillary muscles; however, this patient showed MVP before RFCA and the prolapse became worse immediately after the operation. The reason for the worsening of the MVP in this case was not clear, since the pathological examination was not performed. Mochizuki et al[1] also reported a VT case with MVP before ablation at papillary muscles. In this case, the worsening of the MVP was because of the attenuated contraction of the posterior papillary muscles and its discoordination with the anterior papillary muscles. The papillary muscles and chordae tendineae were not ruptured. Since the patient in our case had normal MV before RFCA and prolapse occurred 2 wk after the operation and the reason for MVP was necrosis of the papillary muscles, our case differed from cases previously reported. Thus, this is the first reported cases showing delayed MVP after ablation at papillary muscles.
We believe that MVP was caused by repeated ablations in ALPM at too high of energy, in the light of the facts that MVP occurred 2 wk after the operation and necrosis of the papillary muscles appeared in pathological analysis. There was no mechanical injury since no pulling of the MV apparatus occurred during RFCA.
There are several proposed methods to prevent MVP after RFCA. First, the exact target site should be found and there should be a limited number of ablations with high energy during RFCA. Second, an intracardiac echocardiography and contact force should be implemented to guide the ablation.

CONCLUSION
[bookmark: OLE_LINK97][bookmark: OLE_LINK98]In conclusion, we have reported a case for the first time in which delayed MVP occurred after RFCA at papillary muscles. The reason for this complication was necrosis of the papillary muscles caused by the RF energy. Thus, too many times and too high energy should be avoided in the ablation in the future.
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Figure Legends
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[bookmark: OLE_LINK106][bookmark: OLE_LINK107]Figure 1 Final effective ablation target. A: Electroanatomic map exhibiting the earliest activation site (the green tag); B: Intracardiac echocardiographic image at the level of the papillary muscle; C: Complex fractional prepotential preceding the surface QRS at 20 ms was recorded (the green tag). LAO: Left anterior oblique.
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[bookmark: OLE_LINK108][bookmark: OLE_LINK109]Figure 2 Mitral valve and papillary muscle 2 wk after radiofrequency catheter ablation. A and B: Echocardiographic image showing massive mitral regurgitation and ruptured mitral valve leaflet which was entering into the left atrium; C and D: The rupture of papillary muscles was found during mitral valve replacement; E: The mitral valve was cut off during the surgery. Arrows show the end of the rupture of papillary muscles.

[image: ]
Figure 3 Pathological examination of the papillary muscles and chordae tendineae. A: The papillary muscle underwent necrosis after radiofrequency catheter ablation (RFCA), appearing as karyolysis; B: There was no necrosis in the chordae tendineae, indicating that the chordae tendineae was not damaged after RFCA.
[bookmark: _GoBack]
Table 1 Results of laboratory examinations of this patient
	Parameter
	Result

	White blood cell count
	8.2 × 109

	Troponin I 
	0.059 ng/mL

	Nt-Pro Bnp
	32 pg/mL

	Low density lipoprotein cholesterol 
	2.82 mmoml/L

	Fasting blood glucose
	5.34 mmol/L

	C-reactive protein
	0.5 mg/L

	International normalized ratio
	0.94

	Potassium
	3.77 mmol/L

	Magnesium
	0.82 mmol/L

	Creatinine
	83 μmol/L

	eGFR
	88.51 mL/min

	T4
	62.88 nmol/L

	T3
	1.86 nmol/L

	TSH
	0.68 mIU/L
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