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Abstract
Background: Paravalvular leaks (PVLs) occur in up to 17% of patients after valve replacement. Due to the high morbidity and mortality associated with
re-operation, percutaneous transapical (TA) closure has been introduced as an alternative to the surgical repair and percutaneous transcatheter closure
in the treatment of PVLs. Here, we evaluated the outcomes of patients who underwent TA-closure for PVLs at the our centre.

Methods: This study analyzed records of 12 patients with 13 problematic mechanical valves who underwent treatment at our hospital from April 2015 to
November 2018. All procedures were performed under general anesthesia, with preoperative CT reconstruction and guidance by three-dimensional
transesophageal echocardiography (3D-TEE).

Results: Our data showed that all the TA punctures were successful with delivery sheath sizes that ranged from 5-7 Fr. Out of the 13 valves, 10 were
single leaks (76.9%) and were all closed by a single occluder. There were 2 double leaks (15.3%) which were closed by two single bigger devices, while
the remaining double leak was corrected by two separate devices. The median duration of the procedure was 82 minutes (IQR, 65-85 minutes). In
addition, the mean postoperative ICU stay was 4 days (IQR, 1-2 days) and mean duration from procedure to hospital discharge was 7 days (IQR, 4-7
days). One patient died prior to the discharge.

Conclusion: Taken together, our data demonstrates that percutaneous TA is safe and is associated with a low complication rate and procedure-related
mortality. Multiple leaks and diameter of ≥ 10 mm might increase the risk for residual regurgitation.

Background
Paravalvular leak (PVL) is a frequent and serious complication after surgical valve replacement or transcatheter valve implantation (1). PVL occurs in 7–
17% of prosthetic valves in the mitral position and 2–10% in the aortic position (2, 3). Patients with PVL present with chronic cardiac insu�ciency,
hemolytic anemia, or both. Although re-operation is the gold standard for the treatment of PVL, it’s usually associated with a high mortality rate (4). More
recently, the percutaneous transapical (TA) closure has been adopted as an alternative to the surgical repair and percutaneous transcatheter closure in
the treatment of PVL (5, 6). However, there is limited data on the utility and safety of the use of percutaneous TA approach for PVLs device closure. Here,
we review and demonstrate the e�cacy and safety of the percutaneous TA approach for PVL closure in patients with mid-term results.

Methods
Patients

This study analyzed the registry of patients who underwent percutaneous closure of the transapical PVL between April 2015 and November 2018, at
our.hospital. All the patients had clinical symptoms or hemolysis and underwent PVL diagnosis by trans-thoracic echocardiography (TTE).. We collected
all the clinical reports, examination and imaging data for the analysis. E�cacy endpoints included procedural success and freedom from repeat
procedures. On the other hand, safety endpoints included rate of complications of apical access point, pericardial tamponade, pericardial effusion,
discharge, 30-day, and 1- or 3-year survival. We de�ned access-site complication as extravasation from the TA site, major coronary artery compromise, or
embolization of a TA site closure device. Additional procedure-speci�c endpoints for patients undergoing PVL closure included the number and types of
devices used or the presence of residual defects.

Preoperative skin-to-apex pathway guiding

All the patients underwent echocardiography and three dimensional-computerized tomography (3D-CT) evaluation before the procedure. The 3D-CT
evaluated the ribs, myocardium, main coronary artery, left ventricular cavity, paravalvular structure and lung tissue, as well as their spatial relationship.
The apex puncture point and PVL were used as endpoints and formed a three-dimensional simulation line (Figure 1). Without compromising the papillary
muscles, main coronary branches or overlapping lung tissue, the simulation line extended outward through a costal space and to the body surface. An
intersection point with the body surface was regarded as the puncture site. The transverse distance between the puncture site and the midline in a CT
axial view was measured (Figure 2A). The above virtual space line was projected onto the coronal, sagittal and axial planes.

The virtual axis located on the patients’ coronal plane and perpendicular to the patients’ long axis was denoted as the X axis. The axis that paralleled the
patients’ long axis in the same plane was denoted as the Y axis, while the axis perpendicular to the coronal plane was de�ned as the Z axis. The angle
between the virtual line projection on the coronal plane and the X axis (∠1), the angle between the sagittal plane projection and the Y axis (∠2), and the
angle between the axial section projection and the X axis (∠3) were all measured (Figure 2B, C and D). Using the above information, we simulated and
guided the skin-to-apex puncture.

Percutaneous transapical device closure

The percutaneous TA closure was conducted under general anesthesia and with cardiopulmonary bypass. The number, size, position, and morphology of
PVL was re-evaluated by transesophageal echocardiography (TEE) prior to the procedure. The target intercostal space and the transverse distance were
both used to con�rm the puncture site. The operation was carried out in the virtual space as determined by the above XYZ axis.
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After systemic heparinization (1 mg/kg), the anesthesiologist temporarily disconnected the ventilator tube, to allow the lung to collapse and then the
surgeon undertook the puncture exercise. The 20G over-the-needle catheter was used, and in cases of blood return, the needle was con�rmed by the
intraoperative TEE. A guide wire was then introduced into the left ventricle and passed through the PVL under continuous TEE guidance. The introduction
of the wire was done in such a manner to avoid any interference to the valve function. The needle was then replaced by a delivery sheath that was
advanced through the chest wall into the left ventricle. Depending on the number, size, and morphology of the leak, as well as distance to the prosthetic
valve leaflets, a most appropriate occluder was selected and deployed. We gently pulled and pushed on the �xation wire to ascertain a stable position,
and if there was a moderate or more residual regurgitation, the deployed occluder was retrieved and replaced by a larger one or multiple occluders (Figure
3). The device was released after con�rming its position, as well as the presence or absence of residual shunting and the valvular status. We kept the
sheath in the left ventricle and deployed another muscular ventricular septal defect occlude (5-8mm size) at the apical access point. The position of each
disc of the second occluder was thoroughly checked before release, to ensure its hemostatic effect. We removed the cable and injected the Surgi�o
hemostatic matrix (Ethicon, Somerville, NJ) into the delivery sheath to �ll the disc outside the epicardium and tract, from the epicardium to the skin. No
additional stitch was needed for the skin puncture site. The absence of pericardial and pleural effusion was checked before leaving the procedure room.

Postoperative management and follow-up

All the patients in the ICU were closely monitored. The patients received TTE examination on the �rst postoperative day, a day before discharge, and
during the follow-up period. The position and stability of the device, the valvular status, residual regurgitation as well as pericardial effusions were
carefully evaluated during the examinations.

Statistical analysis

The continuous variables were presented as mean ± standard deviation, while the categorical variables were summarized as numbers and percentage.
The statistical analysis was performed using the SPSS statistical package (version 24.0, IBM SPSS, Chicago, Illinois). A p � 0.05 was considered to be
statistical signi�cant.

Result
Twelve patients (75% male; median age, 53 years; interquartile range [IQR], 45-60 years,) underwent percutaneous TA approach for PVLs closure during
the study period (Table 1). All the 12 patients got 17 prosthetic mechanical valves in mitral and/or aortic position. A total of 13 arti�cial valves developed
PVLs in which 10 of them had a single leak while 3 had double leaks. Characterization of the patients showed that, before the procedure, 8 patients
(66.7%) had atrial �brillation, while 5 patients (41.7%) had trivial to moderate tricuspid regurgitation. Besides, 1 patient had previous coronary artery
bypass graft surgery. Four patients had hemolysis before operation, while 3 patients were referred from the cardiology department. The characteristics of
these patients are shown in Table 1.

Percutaneous Perventricular Device Closure

All the TA punctures were conducted successfully. Total median procedure time was 82 minutes (IQR, 65-85 minutes). The delivery sheath sizes ranged
from 5-7 Fr. All the PVL occluders were muscle ventricular septal defect occluder, with a waist height of 5mm or 6mm (Beijing Starway Medical
Technology Inc, Beijing, China). All the apical puncture points were closed with muscle ventricular septal defect occluder with a waist height of 5mm or
6mm (Beijing Starway Medical Technology Inc, Beijing, China). The size of the PVL occluder ranged from 6mm - 12mm, and the device size for apical
access point ranged from 5mm - 8mm. No patient needed sternotomy incision. 10 of the 13 valves (76.9%) with a single leak were closed by a single
occlude while 2 (15.3%) valves with double leaks were closed by a single bigger device. The last valve with double leaks was corrected by two devices
(Table 2).

There was no valve dysfunction, device migration or embolization after deployment of the occluder. 1 patients (10%) experienced hemodynamically
insigni�cant pericardial effusion after the procedure and there was no new post-operation hemolysis. Compared to pre-procedure, 2 patients had less
severe hemolysis while 1 patient had more severe hemolysis. Three patients had residual shunt that led to reoperation in one patient. The patient had
signi�cant comorbidity such as viral hepatitis C and decompensated hepatic cirrhosis, permanent atrial �brillation and prosthetic valve stenosis in aortic
position before surgery. In addition, the patient had two leaks (8mm/10mm) in mitral position with severe regurgitation, NYHA IV and serious anemia.
There was mild residual regurgitation after deployment of two devices (10mm/12mm). Our TTE analysis demonstrated an increase in the residual
regurgitation, one week after the procedure. The patient had a concurrent secondary serious hemolytic anemia which couldn’t be improved by blood
transfusion, and an acute renal failure (ARF) which depended on hemodialysis therapy. Successful re-closure to deploy the device decreased the residual
regurgitation. However, the patient died due to congestive heart failure, hemolytic anemia, ARF, and multiple organ dysfunction syndrome. The remaining
11 patients were discharged uneventfully.

The mean postoperative ICU stay and mean time from procedure to hospital discharge was 4 days (IQR, 1 - 2 days) and 7 days (IQR, 4 - 7 days)
respectively. Only 1 ICU patient stayed for 30 days and died prior to discharge (Table 3).

The median follow-up was 31 (IQR, 16 - 47) months. A total of 11 patients (100%) and 4 patients (36.3%) successfully completed the one-year and three-
year follow-up respectively. THE patients took warfarin regularly, and examined international normalized ratio (INR) in order to avoid stroke and bleeding.
Our standard TTE analysis showed that one patient had mild residual regurgitation, while another had hemolysis and disappeared at 1 year follow-up.
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Functional status was NYHA class I in six (66.7%) and II in three (33.3%) at �nal follow-up. No patient presented with signi�cant congestive heart failure,
cardiovascular events or neurological morbidities (Table 4).

Comment

Paravalvular leak is de�ned as peri-prosthetic regurgitation via a defect between sewing ring and the annulus of the native valve (7). Factors such as
annular calci�cation, endocarditis, tissue friability, chronic in�ammatory disease, and surgical techniques lead to the occurrence of PVL (8). With the
development of medical technology, surgical techniques have become less invasive or even non-invasive. Hourihan M, et al, 1992, �rst showed the
application of TA approach in PVL closure (6, 7, 9-11).

Compared with the use of femoral vessel, TA approach has excellent technical advantages. TA uses a more direct manipulation of guide-wires and
sheaths which results into easier accessibility of defects and a stable implantation of the device. In addition, patients are free from contrast agent
examination. Richard Tanner et al. reported a median procedure time of 140 minutes [90–210] (12). Joseph et al. reports were completed successfully
via the TA approach with relatively low median �uoroscopy time (26.5 minutes; IQR, 8.3-43.8 minutes) and median procedure time (106 minutes; IQR, 39-
117 minutes) (7). In our study, we showed that there was no patient who needed screening, and the median procedure time was (81 minutes; IQR, 65-84
minutes).

Besides, data concerning the safety and utility of percutaneous TA access remains very scant. Here, we demonstrate our experiences with this technique,
and review the e�cacy and safety of the TA approach to PVL closure. Our analysis only showed a single death�8.3%�within 30 days. This rate is slightly
higher than other larger trials that have reported 30-day mortality rates of 1.7 – 4.5% with percutaneous PVL closure. Surgical series have reported a 30-
day mortality rate of 6.9 – 10.7% for surgical PVL closure. Percutaneous PVL closure is emerging as the primary strategy for patients with PVL, with
surgical PVL closure being reserved for those who fail or have unfavorable anatomy for percutaneous PVL closure.

Our study reported no death during follow-up, and the residual regurgitation and NYHA function class remained stable. Whereas there is limited literature
on TA approach to PVL closure, it is reported to be suitable for high risk patients and achieves acceptable periprocedural rate of adverse events. A study
by Ruiz et al. reported long-term survival of percutaneous PVL closure at 6, 12 and 18 months as 91.9, 89.2 and 86.5%, respectively (5). In addition,
Sorajja et al. showed a 1–2 year survival of 70–75 % after percutaneous PVL closure, with an estimated 3-year survival rate of 64.5% (13). The direct, in-
line access to the valve and valve annulus from TA access is therefore attractive in terms of success rate and procedure duration.

To date, there are no specialized devices for transcatheter PVL closure (14, 15). We use a VSD occluder in all patients. For different PVLs, occluder waist
or height might differ. For the mitral valve leakage, we choose an occluder with waist height of 4mm for the CarboMedics mechanical valve and a waist
height of 5mm for the St. Jude Medical mechanical valve. For the aortic valve leakage, we choose an occluder with waist height of 6mm for the
CarboMedics supra-annular Top Hat valve and a waist height of 5mm for the standard St. Jude mechanical valve. All the puncture site devices have a
waist height of 5mm.

There was residual regurgitation in 3 patients. 2 cases had 2 leaks on the same valve, and the maximal diameter for the larger leak was ≥ 8 mm, with
residual regurgitation. The other patient had a single leak, with a maximal diameter ≥ 10mm, and a mild or trace residual regurgitation after procedure.

All cases had 2 PVLs of > = 10 mm, and residual shunt as well as hemolysis were found after the closure. Despite PVL reduction to a mild degree in one
patient, the hemolysis lasted for 1 year of follow up. We observed that, multiple leaks with diameters of ≥ 10 mm may be the risk factors for residual
defect after PVL closure.

Hemothorax is the most common complication of Percutaneous TA access. Pitta et al. reported occurrence of hemothorax in 6 of 32 (19%) patients of
Percutaneous TA access (16). On the other hand, Zorinas et al. published outcomes of 19 patients who underwent surgical TA catheter-based mitral PVL
closure. 1 (5.2%) patient with hemothorax due to surgical retractor blade injury to the rib with subsequent severe bleeding required surgical revision (17).
In our study, 1(8.3%) patients had hemodynamically insigni�cant pericardial effusion, after the procedure. Our data demonstrates low procedure-related
complications associated with routine closure of TA puncture sites with a device.

In the past decade, there has been a huge application of percutaneous PVL closure. However, the use of the percutaneous PVL closure remains relatively
novel, and remains technically challenging especially due to the need for precise size, number and location of PVL and puncture point locations.
Cautious evaluation of the coronary artery before “blind” puncture is essential. To ensure the puncture site does not compromise the coronary
vasculature, all the patients in our study underwent CTA to precisely de�ne the puncture site and angle before surgery. In addition, the use of CTA is
bene�cial in cases with unclear anatomy or in patients with poor echocardiography windows. We also routinely ask the anesthesiologist for solitary
right-lung ventilation in order to de�ate the left lung. Joseph’s team (7) innovatively combined CTA with �uoroscopy technology, and then guided by TEE
and achieved accurate positioning of the device in hybrid operation room. Compared with this technology, our study only used 3D-CTA imaging before
operation, and completed positioning with software post-processing, which does not depend on intraoperative �uoroscopy or hybrid operation room. The
whole procedure can performed only under TEE. We therefore observe that hospitals can carry out such operations without hybridized operating rooms.

Conclusion
The TA approach to PVL closure is a direct approach and signi�cantly reduces the procedure duration. Device closure of the apical access site is reliable
and should be adopted. However, there is no literature on the bene�ts of the TA approach to PVL closure in high risk patients, compare to re-operation.
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Appropriate sizing as well as careful intraprocedural guiding are essential in the achievement of this goal. Besides, from our experience, multiple leaks
and diameters of ≥ 10 mm might increase the risk for residual regurgitation. More large scale studies are needed to analyze and ascertain the risk
factors.

Abbreviations
PVL: Paravalvular leaks; TA:percutaneous transapical; TEE:transesophageal echocardiography; 3D:three dimensional; NYHA:New York Heart Association;
ARF:acute renal failure; ICU:Intensive Care Unit; VSD:Ventricular septal defect; CTA:Computed Tomography Angiography; CT:Computed Tomography.
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Tables
Table 1. Baseline and procedural characteristics. 

Variables (n=12)

Age,years 53 [IQR,7]

Male 75%

Hemolytic anemia 4(33.3%)

NYHA functional class  

 Class II 4(33.3%)

 Class III 7(58.3%)

 Class IV 1(8.3%)

Permanent atrial �brillation 8(66.7%)

Tricuspid insu�cientcy 5(41.7%)

Coronary artery disease 1(8.3%)

Prosthetic valve stenosis 1(8.3%)

Diabete 1(8.3%)

Hepatic failure 1(8.3%)

Transferred from cardiology department 3(25%)

Data provided as number(%) or median(interquartile range[IQR])

NYHA, New York Heart Association.

 

Table 2. Patients and procedures  
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patient PVL
Location

PVL
Numbers

PVL Diameter Regurgitational
degree

Hemolytic
anemia(N/Y)

sheath
sizes

Device size Residual
regurgitation

Hemolytic
anemia
postoperation

#1 MV 1 8*5mm III N 7F 10mm 0 N

#2 MV 1 5*3mm III Y 5F 6mm 0 N

#3 AV 1 11*9mm III Y 7F 12mm I Y

#4 MV 1 5*5mm II N 6F 7mm 0 N

#5 MV 2 8*7mm/ 4*4mm III N 7F 10mm I N

#6 MV 1 6*3mm II N 5F 6mm 0 N

#7 MV 1 10*4mm II N 7F 12mm 0 N

#8 MV 1 6*2mm II N 7F 7mm 0 N

  AV 2 8*4mm/ 6*3mm III     12mm 0  

#9 MV 2 10*6mm/8*6mm III Y 7F 12mm/10mm II Y

#10 MV 1 6*4mm II N 6F 7mm 0 N

#11 AV 1 8*5mm II N 6F 10mm 0 N

#12 MV 1 8*4mm II Y 6F 10mm 0 N

MV:mitral valve, AV:aortic valve, Y:yes, N:no, Device size: Ventricular septal occluder diameter, PVL is classi�ed according to the Valve Academic
Research Consortium (VARC)-2 Consensus as: 0 (none), I (mild), II (moderate), or III (severe)

 

Table 3. Procedural outcomes

Variables  

Residual regurgitation  

 0 9

 I 2

 II 1

 III 0

Technical success 12

Complication  

 Hemolytic anemia 2

 Valve dysfunction 0

 Device migration 0

 Embolization 0

 Pericardial effusion 1

Re-operation 1

Hospital deaths 1

Median ICU stays 4 days (IQR, 1-2 days)

Median Hospital stays 7 days  (IQR, 4-7days)

Residual regurgitation is classi�ed according to the Valve Academic Research Consortium (VARC)-2 Consensus as: 0 (none), I (mild), II (moderate), or III
(severe)

 

Table 4. Follow-up outcomes 
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Variables  

Number of follow-up 11

Follow-up time, months 31 (IQR, 16-47)

Hemolytic anemia 0

NYHA functional class  

 Class I 5

 Class II 2

Class III 0

 Class IV 0

Residual regurgitation 1

Death 0

Re-operation 0

Data are presented as the number of patients (percentage) or mean±standard deviation. NYHA, New York Heart Association.


