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Objectives: Surgical exposure of groin vessels to establish cardiopulmonary bypass (CPB) for minimally-invasive valve surgery (MIS) is standard of care but may result in postoperative wound healing disorders or seroma formation. Therefore, adaption of transcatheter techniques for fully percutaneous insertion of CPB cannulae may improve clinical results. We herein analyze a single center experience with a novel plug-based vascular closure device for MIS.

Methods: Between 03/2020 and 02/2021 MIS using the MANTA™ (Teleflex Medical Inc., Wayne, PA, USA) vascular closure device was performed in 28 consecutive patients (58.8 ± 10.6 years, 60.3% male, logEuroSCORE II 1.1 ± 0.8%) receiving mitral and/or tricuspid valve repair/replacement. Concomitant procedures were left atrial appendage occlusion and cryoablation for atrial fibrillation in 21.4% (6/28) and 10.7% (3/28) of patients, respectively. Data were retrospectively analyzed in accordance with standardized M-VARC definitions. MANTA™ device success and early safety was defined as absence of any access site or access related vascular injury and major and life-threatening bleeding complications.

Results: MANTA™ device success with immediate hemostasis and early safety were 96.4% (27/28). In one case, device failure necessitated surgical cut down without further complications. Mean aortic cross clamp time and cardiopulmonary bypass were 96.5 ± 24.2 min and 150.2 ± 33.6 min. Stroke, renal failure or myocardial infarction were not observed. Intensive care unit and total hospital stay were 1.7 ± 0.8 days and 10.1 ± 5.7 days. Overall 30-day mortality was 0%. Post-procedure echocardiography presented one case of residual moderate tricuspid regurgitation and competent valves in all other cases.

Conclusions: The MANTA™ device is safe and effective in MIS. Its ease of use and effectiveness to achieve immediate hemostasis have further simplified MIS.
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INTRODUCTION

Surgical mitral valve (MV) repair is the gold standard for treatment of primary, degenerative mitral regurgitation (MR). There is a reliable data basis demonstrating efficacy of the surgical approach for this subset of patients also in the long-term (1). Also, complex pathologies, e.g., Morbus Barlow with prolapse of anterior and posterior mitral leaflets, are addressable by surgical annuloplasty with concomitant techniques of leaflet reconstruction (insertion of Neochordae, partial resection of the posterior mitral leaflet) with a high degree of safety, efficacy and excellent results up to 20 years (2). In Germany, 55% of all isolated surgical MV procedures are performed in minimally-invasive, endoscopic (MIS) techniques via right anterolateral minithoracotomy, omitting median sternotomy (3). Also, the tricuspid valve (TV) is amenable by MIS techniques with adequate results for common modes of valve failure. MIS TV repair is feasible in a beating-heart fashion and frequently performed as concomitant procedure in MIS (4, 5).

Commonly, in MIS MV and TV surgery arterial and venous cannulae for cardio-pulmonary bypass (CPB) are inserted via groin vessels by surgical cutdown. However, the surgical coutdown approach inherits a certain risk of postoperative wound healing disorders or seroma formation (6). To reduce possible groin complications, adaption of transcatheter techniques for fully percutaneous insertion of cannulae for establishment of CPB have been described. Established devices for percutaneous vessel closure in MIS valve surgery are ProStar™ XL 10-F system and ProGlide™ devices (both: Abbott Vascular Inc., Abbott Park, IL, USA) (7, 8). Recently, a novel vascular closure device with resorbable collagen material and absence of suture material was introduced for transfemoral transcatheter aortic valve implantation (TAVI). The MANTA™ device (Teleflex Medical Inc., Wayne, PA, US) is adequate for closure of arterial access sites of up to 25 Fr. Safety and efficacy of the system was demonstrated in a real world TAVI patient cohort (9). To date, MIS MV or TV surgery utilizing the MANTA™ system for closure of the femoral artery has only been reported anecdotally (10). We herein report our single center experience with fully percutaneous plug-based vascular closure for cannulation of groin vessels in MIS MV and TV surgery.



MATERIALS AND METHODS


Patients

Between 03/2020 and 02/2021, 28 patients (58.8 ± 10.6 years, 39.7% female, EuroSCORE II 1.1 ± 0.8%) received MIS MV or TV surgery for treatment of mitral and/or tricuspid regurgitation with intraoperative utilization of a novel collagen-based vascular closure device for cannulation of the femoral artery (overall MIS MV and TV surgery volume: 150 per year). Allocation of patients to MV or TV surgery followed current international recommendations (11) after consensus of the local dedicated heart team. The study was approved by the local institutional review board.



Diagnostic Work-Up and Study Procedure

The pre-procedural diagnostic work-up and the surgical procedure followed institutional standards and were described before (12): all patients received preoperative TTE and TEE for evaluation of cardiac functional status and valve assessment. Furthermore, ultrasound of groin vessels was performed to determine possible stenosis or calcifications at the femoral level. No patient had to be excluded due to stenosis or calcifications seen in preoperative ultrasound. Contrary to TAVI procedures, in this young patient cohort no preoperative computed tomography of iliac vessels or intraoperative ultrasound-guided vessel puncture was performed.

MIS MV and TV surgery was performed under general anesthesia in supine position. Access was gained via a 3–4 cm incision in the right inframammary fold or along the perimammilary margin through the fourth intercostal space. Visualization of the operative field was achieved using a soft-tissue retractor. Three small incisions for insertion of a 3D-HD camera (Aesculap Einstein Vision, Tuttlingen, Germany), a transthoracic aortic clamp and a left atrial retractor were placed. For peripheral cardiopulmonary perfusion, all cannulas were positioned under TEE guidance. A transthoracic Chitwood aortic clamp was used for cross-clamping of the aorta, the heart was arrested with antegrade Del-Nido cardioplegia and moderate hypothermia of 32° was established. After opening of the left/right atrium a dynamic retractor was used to lift the left/right atrial roof. MV/TV surgery techniques included correction of prolapsed anterior and posterior leaflets by chordal replacement, ring annuloplasty and valve replacement.

For closure of the femoral artery the 18 Fr. MANTA™ device was utilized as previously described (13): depth of the initial puncture was determined using a puncture locating dilator, which was inserted over the wire and detected puncture depth by outlet backflow/ stop of backflow, a principle known from smaller vessel closure devices like the Angio-Seal (Terumo Interventional Systems, Somerset, NJ, US). Depth was defined at skin-level. For later vessel closure device position deployment depth was defined as puncture depth at skin level plus 1 cm. After completion of MIS MV/TV surgery, the arterial cannula was clamped, punctured, a wire was inserted, and the cannula was retracted over the wire. Then, the MANTA™ sheath was fully inserted over the wire and the dilator was removed. Subsequently, the MANTA™ device was inserted over an integrated insertion tool and the whole system was slowly removed in a steady 45° angle under constant retraction force. By observing markings on the sheath, deployment depth was adjusted and a lever was rotated for toggle release. Now, the system was further retracted from the femoral artery until tension appeared and the indicator field showed yellow/green. By advancing the lock advancement tool until a click was heard, the puncture was sealed via a collagen plug. The collagen plug is low-profile, non-thrombogenic and bio-resorbable. When hemostatis was obtained the guide-wire was removed, the lead-suture was cut and skin was closed by a single suture (Figure 1). Femoral vein hemostasis was achieved by a deep Prolene suture and consecutive application of pressure after removal of the cannula.
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FIGURE 1. MANTA™ (Teleflex Medical Inc., Wayne, PA, US) vascular closure device for minimally-invasive valve surgery. (A–F) demonstrates percutaneous cannulation/decannulation of femoral artery and vein for cardiopulmonary bypass using a fully percutaneous plug-based vascular closure device: In contrast to surgical exposure of groin vessels a depth locator is inserted over the guidewire to determine the distance from skin level to the endoluminal space of the vessel for later device positioning (A). Following this, cardiopulmonary bypass is established for minimally- invasive valve surgery (B). Before final decannulation the arterial cannula is punctured to reinsert the guidewire for percutaneous plug-based vascular closure device (C). Afterwards the MANTA™ sheath (D) and the closure unit (E) are placed to the predetermined deployment level. After successful hemostasis the MANTA ™ device is removed and the suture is cut at the skin level (F).




Statistics

Baseline and intraprocedural data were retrospectively collected and entered into a standardized database and analyzed. Clinical endpoints regarding MV surgery and access site complications and bleeding were adjudicated in accordance with the updated standardized M-VARC definitions (Clinical endpoints: mortality, hospitalization, neurological events, myocardial infarction, access and vascular complications, bleeding complications, acute kidney injury, arrhythmia, device/procedural success) (14). 30-day follow-up was accomplished in all patients. Duplex sonography of iliac vessels was performed in all patients 30 days after the index procedure. Data are presented as absolute numbers and percentages for categorical variables and mean values and standard deviation for continuous variables.




RESULTS


Baseline Demographics

The patient cohort presented with a low risk profile for cardiac surgery as determined by common risk stratification tools (STS PROM Score 1.0 ± 0.9%, log EuroSCORE II 1.1 ± 0.8%). A high proportion of patients were highly symptomatic (NYHA ≥ III 19/28, 67.8%) and the entire cohort presented with a low comorbid burden. Most common accompanying diseases were arterial hypertension (9/28, 32.1%) and atrial fibrillation (6/28, 21.4%). Detailed patient demographics are summarized in Table 1.


Table 1. Baseline demographics.
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Periprocedural Data

All patients underwent MIS MV/TV surgery due to significant regurgitation via right anterolateral minithoracotomy. Valve failure mechanisms included primary, degenerative MR (23/28, 82.1%), secondary, functional MR (1/28, 3.5%) and endocarditis (2/28, 7.1%). Concomitant procedures in MIS MV surgery were tricuspid valve repair (4/28, 14.3%), ablation for AF (3/28, 10.7%) and left atrial appendage closure (6/28, 21.4%). In two patients MV replacement was necessary (7.1%). Isolated TV repair was performed in 7.1% of patients (2/28). For cannulation of the femoral artery most frequently 19 Fr. cannulae were utilized (18/28, 64.3%) followed by 21 Fr. cannulae (9/28, 32.2) and a 17 Fr. cannula in one case. Isolated femoral vein cannulation was common with 67.8% (19/28). In nine patients additional venous drainage was established via the jugular vein (9/28, 32.2%). MANTA device success with immediate hemostasis was achieved in 27/28 cases (96.4%). Absence of device success was documented in one case with intraprocedural user error during toggle release and consecutive pull-through of the collagen plug. After surgical cutdown and application of a Prolene purse string suture adequate hemostatis was present.

Aortic cross clamp time and CPB time were 96.5 ± 24.2 min and 150.2 ± 33.6, respectively. Detailed periprocedural data are presented in Table 2.


Table 2. Periprocedural data.
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Clinical and Echocardiographic Outcome Data

During 30-day follow up no death, stroke, myocardial infarction or kidney injury occurred. In one patient postoperative complete atrioventricular block necessitated permanent pacemaker implantation and one patient presented with wound healing disorder of the thoracotomy. No major bleeding, access site complication or access site related transfusion was documented. Echocardiographic follow-up showed competent MV without residual MR in all MV cases. One patient presented with residual moderate TV regurgitation. Intensive care unit and hospital stay were 1.8 ± 0.9 and 10.9 ± 6.1 days, respectively. For detailed clinical and MANTA device outcome parameter see Tables 3, 4.


Table 3. Clinical outcome and echocardiographic results at 30 days.
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Table 4. Vascular closure device outcome parameter at 30 days.
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DISCUSSION


Main Findings

Main findings of the herein conducted series using the MANTA™ device in MIS valve surgery are (I) the utilized device is safe and effective for closure of the femoral artery with immediate hemostatis in MIS valve surgery, (II) the closure device is simple, offers ease of use and a rapid learning process, and (III) has therefore the potential to further simplify MIS valve surgery and reduce groin wound healing disorders/ seroma formation and hospital stay time.

Application of transcatheter techniques in cardiac surgery procedures and especially MIS valve surgery has gained widespread acceptance over the last years. Examples for this development are establishment of rapid deployment valves, an adaption of the transcatheter heart valve technique for open heart surgery, in clinical daily routine or application of cerebral protection devices in cardiac surgery for patients at particular risk for periprocedural stroke (15, 16). One of the most frequently used transcatheter technique in cardiac surgery is application of vascular closure devices for arterial CPB cannulation, especially in MIS valve surgery to avoid surgical cutdown and exposure of groin vessels. Hereby, commonly utilized closure devices are the ProStar and ProGlide systems. In a series of 300 patients who underwent MIS MV surgery with application of the ProStar device for arterial CPB cannulation no postoperative bleeding complications but 5 cases (1.6%) of bleeding events during introduction of the closure device, two cases (0.6%) of retroperitoneal bleeding and six cases (2.0%) of bleeding events necessitating surgical cutdown were described. Device success was 80.0% in the first 50 patients and 98.8% thereafter, suggesting a steep learning curve. Similar results for the ProStar device are reported by Vergnat and colleagues (7, 17). For the ProGlide device only small series of application in MIS valve surgery are documented (18). However, it is known from a broad adaption in endovascular aortic procedures that device success ranges between 92 and 95% and complication rates are low (19, 20).

In our study a device success rate of 96.4% was documented for the herein utilized closure system due to one pull-through of the collagen plug, most likely to false recall of puncture depth. This emphasizes crucial importance of rigorous documentation of initial puncture depth to avoid device failure. In case of uncertainty regarding toggle release depth, de-novo determination of puncture depth can be achieved by advancing the puncture locating dilator again over the wire after puncture and removal of the arterial cannula. On the other hand, when device failure occurs, surgical cutdown can be performed in a controlled manner by compression of the femoral artery proximal to the puncture site. The device success rate in this early series is comparatively high and suggests ease of application, although operators were familiar with the MANTA™ system from TAVI procedures. Further potential advantages of the herein used closure device are absence of suture material and the remaining extravascular stainless steel lock indicating the exact position of vessel entry for possible re-interventions in case of later vessel complications. An earlier study suggested a higher rate of VARC-2 adjudicated vascular complications with the MANTA device compared to surgical cutdown (21). However, in this series no postoperative vessel complications in terms of bleeding, wound healing disorders/seroma formation or pseudoaneurysms were seen during 30-days follow-up, which was also seen in a previous study (22) and which further corroborates the assumption that the MANTA™ device has the potential to simplify MIS valve surgery and to reduce intra- and postoperative vessel complications. It has to be emphasized that results of the MANTA device in TAVI differ significantly, most likely due to a significant older patient population with small and/or calcified iliac vessels (23, 24). These results will have to be confirmed in larger patient numbers for further clinical evaluation.



Study Limitations

Limitations are inherent in a single-center study design with limited patient numbers: patients were not randomized to a specific treatment or vessel closure device, therefore patient preselection with hidden confounders may apply. Furthermore, the herein treated young patient cohort presented non-calcified vessels, facilitating vessel closure with the herein described device. Clinical results may differ in small and/or calcified vessels as known from TAVI procedures.




CONCLUSIONS

The MANTA™ device is safe and effective in minimally-invasive valve surgery. Its ease of use and effectiveness to achieve immediate hemostasis have further simplified minimally-invasive valve surgery at our center.
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