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VALVE CLAMPING DEVICE 

 

TECHNICAL FIELD  

 The present invention relates to a valve clamping device and a valve clamping 

system, specifically to a valve clamping device and a valve clamping system for treating 5 

heart valve regurgitation. 

 

BACKGROUND 

 The mitral valve is a valve with two flaps attached to the periphery of the left 

atrioventricular orifice (as shown in Fig. 1), and connected to the papillary muscle by 10 

the chordae, which prevents the blood of the left ventricle from flowing back to the left 

atrium. 

 Mitral regurgitation (MR) is a series of pathophysiological changes caused by the 

backflow of blood from the left ventricle to the left atrium, the reason of which is the 

poor anastomosis of the mitral valve anterior and posterior leaflets caused by the 15 

organic or functional changes of the mitral valve leaflets and the related structure 

thereof. Severe MR may cause enlargement of the left ventricle, eventually leading to 

left ventricular systolic dysfunction and heart failure, at the same time, left atrial 

pressure also increases due to the regurgitation, which easily leads to enlargement of 

the left atrium, atrial fibrillation and pulmonary hypertension. The prognosis of MR is 20 

poor, the annual mortality rate of patients with symptoms but without surgery is about 

5%, and the 5-year mortality rate of patients with severe heart failure is 60%. 

Meanwhile, MR is also one of the most common heart diseases. According to statistics, 

the incidence rates among people over 65 and 75 years old are 6.4% and 9.3%, 

respectively. With the economic and social development and the population ageing, the 25 

incidence rate of mitral regurgitation has increased significantly. 

 Clinical trials have shown that drug therapy can only improve the patient's 

symptoms, but not prolong the patient's survival or surgery time. Valve repair or 

replacement by surgery is considered as the standard treatment for this disease and has 
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been confirmed to be capable of relieving the patient’s symptoms and prolonging his 

life. However, surgery has the disadvantages such as big trauma, obvious postoperative 

pain, slow recovery, high risk, etc. Moreover, some patients with advanced age, a 

history of open chest, poor cardiac function and multiple organ dysfunction are often 

rejected for surgery due to the high risk of surgery. Therefore, the development of 5 

minimally invasive, low-risk, MR-treated interventional therapy devices has great 

social benefits and market needs. In recent years, with the breakthrough of valve 

interventional therapy technology, MR interventional devices have become one of the 

key directions of the research and development of cardiovascular devices at home and 

abroad.  10 

  Among them, the valve clamping device developed according to the principle of 

surgical valve edge-to-edge suture technique is most recognized for its high safety, 

simple technical principle and great feasibility. The principle of surgical valve edge-to-

edge suture technique is as shown in Fig. 2. When the MR occurs, the margins of the 

two valve leaflets in systolic stage cannot match and close, resulting in a gap through 15 

which the blood flows from the left ventricle back to the left atrium. By the surgical 

edge-to-edge suture technique, the midpoints of the two leaflets of the mitral valve are 

sutured, so that the gap between the two valve leaflets is changed from one large hole 

to two small holes during systole, thereby reducing mitral regurgitation (Fig. 2a), and 

the blood flow flowing into the left ventricle is not affected when the mitral valve is 20 

open during diastole (Fig. 2b). The only international minimally invasive interventional 

device for the treatment of MR receiving market approval is MitraClip provided by 

Evalve, which is a valve clamping device. However, MitraClip has a complex control 

system, and the cost of fabrication and production thereof is also high. The device needs 

to pass through the vein, the right atrium, the interatrial septum, and the left atrium to 25 

finally reach the left ventricle during the surgery, the path thereof is long and curved, 

so the operation of the surgery is very complicated. Surgeons have to repeatedly fine-

tune the curvature, direction, horizontal position and vertical depth of the delivery 

system to reach the ideal position in order to clamp the valve. Therefore, it often takes 
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surgeons a long time to complete a surgery, which is problematic. 

 CN106175986A discloses a valve clamping device which is simple in both the 

device structure and operation method. Through the results of the actual production and 

performance test, it is found that the device still has many defects such as difficulty in 

capturing the valve, potential damage to the valve, difficulty in enhancing the clamping 5 

force, etc.  

 Therefore, those skilled in the art are focusing on developing a novel valve 

clamping device and corresponding valve clamping system. On the basis of the 

traditional version of the clamping device, on one hand, it reduces the damage to the 

valve during the movement, on the other hand, it facilitates the user to capture the valve 10 

and improve the clamping performance, and moreover, it facilitates the production and 

improves the processability. 

 

SUMMARY 

 In view of the above-mentioned defects of the prior art, the technical problem to be 15 

solved by the present invention is to provide a valve clamping device and a valve 

clamping system which have more excellent using effect and production realizability.  

 In order to achieve the above objective, the present invention provides a valve 

clamping device for treating MR, and the valve clamping device is effective for treating 

MR after being implanted into a human body by a minimally invasive surgical approach.  20 

 The valve clamping device specifically includes a first clamping component, a 

second clamping component, and a fixing component for fixing the first clamping 

component and the second clamping component. The first clamping component has at 

least two first clamping arms. The second clamping component has a corresponding 

number of second clamping arms. Each first clamping arm and the corresponding 25 

second clamping arm may be combined into a pair of clamps. Distal ends of at least 

parts of the first clamping arms are outwardly provided with first protrusions and 

inwardly provided with second protrusions along a clamping direction of the first 

clamping arms. The first clamping arm and the second clamping arm respectively have 
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a plurality of clamping teeth matched with each other. Preferably, the fixing component 

is a closed ring. 

 In a preferred embodiment of the present invention, the distal end of the first 

clamping arm is configured to have the shape of the end of the femoral head, namely, 

protrusions are provided along both the clamping direction and the opposite direction, 5 

and the distal end of the second clamping arm is also configured as an extending 

structure having a second extending arm. Therefore, upon completion of the clamping, 

the positive first protrusion may cooperate with the rounded portion of the tip of the 

extended second extending arm to realize a tighter clamping. Meanwhile, due to the 

presence of the reverse second protrusion, the first clamping arm will not continue to 10 

move toward the center under the action of the external binding force, thereby limiting 

the relative position of the distal end of the device. At this point, the second clamping 

component is continuously clamped by the lantern ring-shaped fixing component, so 

that the first clamping arm and the second clamping arm are elastically deformed and 

generate elastic stress against the external binding force. The elastic stress will be 15 

transmitted among the components, and makes the device more compact as a whole, so 

that the clamping performance to the valve is more stable. 

 Preferably, the distal end of the first clamping component is configured as a curved 

surface, a plane surface having a rounded transition at a corner, or a combination of the 

above two having a smooth transition.  20 

 Further, the clamping surface of the distal end of the first clamping arm is 

configured as a fan-shaped surface. In this article, the clamping surface refers to the 

reverse plane surface of the clamping direction, which is approximately understood to 

be the contour surface in the side view of the clamping arm.  

 Further, the setting direction of the clamping teeth of the first clamping arm is 25 

inclined toward the proximal end.  

 Even further, the plurality of clamping teeth of the first clamping arm are discretely 

arranged along a direction from a proximal end to a distal end of the first clamping arm, 

and the length of each of the clamping teeth gradually increases along the direction 
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from the proximal end to the distal end. 

 Further, the fixing component includes a lantern ring region internally provided 

with a plurality of first fixed teeth, and the second clamping arm has a plurality of 

second fixed teeth that cooperate with the first fixed teeth. The opening angle of the 

second clamping component may be changed by changing the depth of the lantern ring 5 

region sleeving the second clamping component, and the fixation is achieved by the 

cooperation of the first fixed teeth and the second fixed teeth. 

 Even further, the first fixed teeth disposed inside the lantern ring region is an 

internal thread structure, and the proximal end of the second clamping component is 

further provided with an external thread matched with the internal thread structure.  10 

 Even further, the fixing component substantially has a sleeve structure, and the wall 

at the proximal end thereof is thinner than the wall at the distal end adjacent thereto. 

The proximal end of the lantern ring is relatively thin to realize the connection between 

the fixing component and a conveying tube. 

 Further, the fixing component is made of polyetheretherketone, high density 15 

polyethylene or a combination thereof. 

 Further, the distal end of the second clamping component is configured into a 

spherical shape, an ellipsoid shape, a cube shape having a rounded transition or a 

combination of any two or more above shapes having a smooth transition. The 

enumerated limitation to the shape of the distal end of the second clamping component 20 

should be understood to mean that the end surface is configured as a three-dimensional 

image defined by a curved surface that does not contain or substantially does not contain 

any sharp corners, and further a three-dimensional image defined by curved surfaces 

such as hyperboloid surfaces, streamlined plane surfaces, etc. and a combination of the 

three-dimensional images listed above. The streamlined design facilitates smooth 25 

movement within the conveying tube without damaging the valve due to the absence of 

sharp corners, solving the security problem of the conveying and the device. 

 Further, the second clamping component has a second extending arm, and the 

second extending arm is at an angle of 110 - 150 degrees with the second clamping arm 
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and expands outwards. In the present invention, expanding outwards is defined relative 

to the spindle centerline of the clamping component, that is, expanding outwards means 

extending along the direction away from the spindle centerline.  

 Even further, the length of the second extending arm is 3 - 5 mm.  

 Further, the second clamping arm has a structure in which the distal end is wide 5 

and the proximal end is narrow. 

 Further, the first clamping arms are at an angle of 115 - 140 degrees with each other, 

and the angle between the second clamping arms is 10 - 30 degrees smaller than the 

angle between the first clamping arms. 

 Further, the valve clamping device is made of a material having a high supporting 10 

strength, especially an elastic alloy material having strong resilience such as nickel-

titanium alloy. 

 Further, the clamping teeth of the first clamping arm are long sharp teeth, and the 

clamping teeth of the second clamping arm are short blunt teeth. The clamping teeth of 

the first clamping arm are sharp and slender, and the clamping teeth of the second 15 

clamping arm are short and blunt, since during the surgery, the first clamping arm is 

located in the atrium, the second clamping arm is located in the ventricle, and there are 

many chordae on the surface of the ventricle but no chordae on the surface of the atrium. 

The design is adopted in order to increase the clamping force while avoiding the damage 

to the chordae inside the ventricle caused by the clamping teeth. 20 

 

 In another aspect, the present invention provides a valve clamping system, 

including: 

 a catheter sheath, having a first through hole; 

 an expanding device, having a second through hole, wherein the second through 25 

hole and an outer wall thereof are capable of entering into the first through hole; the 

second through hole has an inner diameter allowing the penetration of the guide wire; 

and the axial length of the second through hole is greater than the axial length of the 

first through hole; 
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 a trans-valve device, wherein the trans-valve device includes a rod body having an 

outer diameter smaller than an inner diameter of the first through hole and an  elastic 

trans-valve head disposed at one end of the rod body, and the length of the rod body is 

greater than the axial length of the first through hole; 

 a conveying device, wherein one end of the conveying device is provided with a 5 

conveying tube, the conveying tube has a third through hole, one end of the conveying 

tube is connected with a closed ring in a detachable manner, and the axial length of the 

conveying tube is greater than the axial length of the catheter sheath; 

 a pushing rod, wherein at least a portion of the pushing rod is capable of entering 

the third through hole, and a length of the portion of the pushing rod capable of entering 10 

the third through hole is greater than an axial length of the third through hole; 

 a loading device, wherein the loading device has a fourth through hole suitable for 

accommodating at least a portion of the conveying tube, and at least a portion of the 

outer wall of the fourth through hole is capable of entering into the first through hole; 

and  15 

 a first clamping component and a second clamping component, wherein the first 

clamping component has at least two first clamping arms, and the second clamping 

component has a corresponding number of second clamping arms; each of the first 

clamping arms and the corresponding second clamping arm(s) may be combined into a 

pair of clamps; the first clamping component is adapted to be connected to the distal 20 

end of the pushing rod in a detachable manner, the second clamping component is 

adapted to be connected to the pushing rod in a sliding manner, and the distal end of the 

closed ring is adapted to be connected to the proximal end of the second clamping 

component in a detachable manner. 

 Further, the valve clamping system includes a piercing sheath, and the piercing 25 

sheath has a tube section having an inner diameter dimension adapted to accommodate 

the rod body and the trans-valve head, and an outer diameter dimension adapted to enter 

the first through-hole.  

 Further, the conveying device includes a hemostasis valve, preferably a Y-shaped 
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hemostasis valve, and the hemostasis valve is disposed at an end of the conveying 

device away from the conveying tube.  

 Further, the expanding device may protrude from the first through hole by 3 - 8 cm 

when it completely enters the first through hole. 

 Further, the transition between a tube body of the expanding device and a tube wall 5 

of the catheter sheath is smooth. 

 Further, the conveying device further includes an operating handle, and the 

conveying tube and the closed ring are fixed to the operating handle in a silk thread 

binding manner.  

 Further, the second clamping component and the pushing rod may relatively slide 10 

with a distance of 15 - 45 mm. 

 Further, the length of the loading device is 3 - 15 cm, preferably 5-10 cm, the length 

of the conveying tube is 35 - 55 cm, preferably 45 - 50 cm, and the length of the pushing 

device is 70 - 90 cm, preferably 80 - 85 cm. 

 Further, the distal end of the closed ring and the proximal end of the second 15 

clamping component are respectively provided with an internal thread and an external 

thread matched with each other, and the second clamping component has fixed teeth 

that match with the internal thread. 

 Further, the conveying device includes a storage box configured for the setting of 

the catheter sheath, the expanding device, the trans-valve device, the conveying device, 20 

the loading device, and the pushing rod.  

  In the present invention, the terms "proximal end" and "distal end" refer to an end 

judged according to the relative position with the surgical operator in the normal using 

process during the valve surgery, unless otherwise specified. Wherein, the proximal end 

refers to an end that is close to the operator, and the distal end refers to an end that is 25 

remote from the operator. In the present invention, "inward" refers to the direction close 

to the centerline of each component, and "outward" refers to the direction away from 

the centerline of each component. In addition, in the present invention, the first 

clamping component refers to the upper clamp at the distal end during the surgery, and 



9 
 

the second clamping component refers to the lower clamp at the proximal end. 

 Compared with the prior art, the technical solution of the present invention has the 

following advantages: 

 Upon completion of the clamping, the positive first protrusion may cooperate with 

the rounded portion of the tip of the extended second extending arm to realize a tighter 5 

clamping. However, the presence of the reverse second protrusion prevents the first 

clamping arm from continuing to move toward the center under the action of the 

external binding force, thereby limiting the relative position of the distal end of the 

device, so that the components inside the clamping device are more compact during the 

clamping process, and the clamping performance to the valve is more stable. 10 

 The distal end of the first clamping component has a curved structure and does not 

contain any sharp corners, which facilitates smooth movement within the conveying 

tube without damaging the valve due to the absence of sharp corners. Therefore, the 

curved surface design solves the security problems of the conveying and the device at 

the same time. In addition, the side of the distal end is configured as a fan shape to 15 

facilitate the fixation of the valve during the suturing process, and the tectorial 

membrane is favorable for rapid endothelialization. 

 The clamping teeth are arranged to be inclined to the proximal end, so that the valve 

is fixed by the clamping teeth when the valve is captured, avoiding inconvenient 

operation caused by the valve slippage or the fixation instability. In addition, the size 20 

of the clamping teeth gradually increases from the proximal end to the distal end, which 

may effectively ensure a better fit between the clamping components and a stronger 

biting force, and improve the clamping stability. 

 The lantern ring structure is used to fix the clamping components, which may 

further increase the ability of the clamping arm to clamp the valve tissue, and make the 25 

clamped valve tissue move toward the middle. The upper section of the lantern ring 

structure includes a thread that may be matched with a thread disposed at a proximal 

end of the second clamping component to fix the second clamping component. In 

addition, the upper section of the lantern ring structure includes a thread that may be 
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used as the first fixed teeth to match the second fixed tooth in the second clamping 

portion. The opening angle of the second clamping component may be changed by 

changing the depth of the lantern ring region sleeving the second clamping component. 

Thus, the internal thread of the fixing component plays the role of "one thread for two 

purposes".  5 

 The head portion of the second clamping component is configured as an outwardly 

expanded V shape, and the top is configured as a spherical shape or a shape without 

sharp corners. The design makes the second clamping component less prone to produce 

stress concentration points during the process of capturing the valve, and makes the 

opening angle larger, thereby the valve is easily captured, and at the same time, the 10 

design of having no sharp corner makes the damage to the valve smaller. In addition, 

the second clamping arm is wide at the upper portion and narrow at the lower portion, 

which facilitates the fixation of the valve during the suturing process. 

 In addition, in the heart valve clamping system of the present invention, a plurality 

of components within the system cooperate with each other to perform a series of 15 

surgical operations such as catheter sheath delivery, assembly, delivery, and clamping 

of the valve clamp device, etc. After in vitro assembly, each of the clamping 

components can be transported to a designated position at one time by the cooperation 

of the pushing rod and the conveying tube. The second clamping component may slide 

on the pushing rod, so that the operator may freely adjust the clamping position of the 20 

upper and lower clamps before fixing the upper and lower clamps during use, which 

avoids the problem that the conventional clamping device cannot be repaired once the 

clamping is mistaken because it cannot be adjusted. The closed ring and the conveying 

tube are fixed to the operating handle by the wire. After the clamping is completed, the 

wire may be cut and extracted at the operating handle to separate the conveying tube 25 

from the closed ring, and the operation is performed in vitro, which is simple and 

convenient. The elastic trans-valve head is prepared by using the shape memory alloy, 

so that the trans-valve head may retract into the tube of the piercing sheath or other 

components to facilitate conveying during transport. 
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 The concept, the specific structure and the technical effects of the present invention 

will be further described in conjunction with the accompanying drawings in order to 

fully understand the objectives, features and effects of the present invention. 

  5 

BRIEF DESCRIPTION OF THE DRAWINGS    

 Fig. 1 is a schematic structural diagram of the anatomy of a heart; 

 Fig. 2 is a schematic diagram of a surgical mitral valve edge-to-edge suture 

technique, wherein 2a shows the mitral valve in a closed state, and 2b shows the mitral 

valve in an open state; 10 

 Fig. 3a is a front view of a first clamping component in an embodiment of the 

present invention; 

 Fig. 3b is a side view of a first clamping component in an embodiment of the 

present invention; 

 Fig. 4a is a front view of a second clamping component in an embodiment of the 15 

present invention; 

 Fig. 4b is a side view of a second clamping component in an embodiment of the 

present invention; 

 Fig. 5 is a schematic structural diagram of a first clamping component of an 

embodiment of the present invention; 20 

 Fig. 6 is a schematic structural diagram of a second clamping component of an 

embodiment of the present invention; 

 Fig. 7 is a cross-sectional view of a closed ring in an embodiment of the present 

invention; 

 Fig. 8 is a schematic diagram showing a working principle of a valve clamping 25 

device in an embodiment of the present invention; 

 Fig. 9 is a schematic diagram showing structures of a catheter sheath, an expanding 

device, and a loading device, and a connection relationship thereof in an embodiment 

of the present invention;   
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 Fig. 10 is a schematic structural diagram of a trans-valve device in an embodiment 

of the present invention; 

 Fig. 11 is a schematic structural diagram of a conveying device in an embodiment 

of the present invention; and 

 Fig. 12 is a schematic structural diagram showing an in vitro installation of a 5 

conveying device, a pushing rod, a first clamping component and a second clamping 

component in an embodiment of the present invention. 

 

 List of Reference Numerals: 1 - catheter sheath, 2 – loading device, 3 - expanding 

device, 4 - trans-valve device, 401 - trans-valve head, 402 – rod body, 5 - conveying 10 

device, 501 - conveying tube, 502 - operating handle , 503 - Y-shaped hemostasis valve, 

6 - closed ring, 601 - internal thread, 602 - conveying tube connection joint, 7 - first 

clamping component, 701 - first clamping arm, 702 - first clamping tooth, 703 - first 

protrusion, 704 - second protrusion, 705 - fan-shaped area; 8 - second clamping 

component, 801 - second clamping arm, 802 - second clamping tooth, 803 - dome, 804 15 

- second extending arm, 805 - external thread, 806 - second fixed tooth, and 9 - pushing 

rod.  

 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

 The present embodiment provides an improved valve clamping device for treating 20 

mitral regurgitation, and the valve clamping device discretely includes a first clamping 

component 7, a second clamping component 8 and a closed ring 6 as a fixing component 

for fixing the first clamping component 7 and the second clamping component 8 in a 

detachable manner. Wherein, the first clamping arm 701 and the second clamping arm 

801 respectively disposed on the first clamping component 7 and the second clamping 25 

component 8 may form a pair of clamps, the first clamping arm 701 and the second 

clamping arm 801 may be drawn close to each other by an external force to squeeze the 

valve to achieve the purpose of clamping. 

 Each functional component in the present embodiment will be described below in 
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detail to better understand the objective and effect of each component design in the 

present invention. 

 The valve clamping device in the present embodiment utilizes the clamping arms 

that cooperate with each other on the clamping components to clamp the valve. In order 

to improve the clamping ability of the clamping arms to the valve and prevent the 5 

clamped valve from slipping, the valve clamping device in the present embodiment is 

provided with a dentate protrusion at a portion of the clamping arms holding the valve, 

such as the first clamping teeth 702 on the first clamping component 7 shown in Fig. 3 

and the second clamping teeth 802 on the second clamping component 8 shown in Fig. 

4 that match the first clamping teeth 702. Wherein, the first clamping teeth 702 are 10 

spiny sharp teeth, which can penetrate the valve tissue and enhance the ability of the 

first clamping teeth 702 to fix the valve. In addition, the spiny structure of the clamping 

tooth 702 is inclined toward the proximal end, when the first clamping component 7 

and the second clamping component 8 cooperate to capture the valve, the valve may be 

fixed by partially using the spiny structure to prevent the valve from slipping or fixing 15 

instability, which reduces the difficulty for the operator to capture the valve. 

Furthermore, the first clamping teeth 702 on the first clamping component 7 are 

arranged in such a manner that the size gradually increases in a direction extending 

from the proximal end to the distal end. Since the opening angle of the second clamping 

arms 801 of the second clamping component 8 is generally larger than the opening angle 20 

of the first clamping arms 701, if all the clamping teeth are configured to have a same 

length, the clamping teeth of the distal end of the first clamping component 7 cannot be 

attached to the second clamping arms 801, resulting in unstable clamping. Therefore, 

the setting mode of the first clamping teeth 702 in the present embodiment may 

effectively ensure the biting force between the clamping components and improve the 25 

stability of the valve clamping. The clamping teeth of the first clamping arms are sharp 

and slender, and the clamping teeth of the second clamping arms are short and blunt, 

because during the surgery, the first clamping arms 701 are located in the atrium and 

the second clamping arms 801 are located in the ventricle, and a plenty of chordae are 
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on the ventricular surface but no chordae is on the atrial surface, in order to increase the 

clamping force and avoid the damage of the chordae in the ventricle caused by the 

clamping teeth, the design is adopted. 

 Another unique design of the valve clamping device in this embodiment is that the 

head portion of the first clamping component 7 is a structure having a double-sided 5 

protrusion shape without sharp corners. Wherein, the protrusion protruding toward the 

outer side of the clamping device is called the first protrusion 703, the main function of 

the first protrusion 703 is to cooperate with the ball design at the distal end of the second 

clamping component 8 to clamp the valve more tightly, achieving a seamless clamping 

between the upper clamp and the lower clamp. Meanwhile, a second protrusion 704 is 10 

further disposed on the other side of the distal end of the first clamping component 7, 

that is, in the inward direction. The main function of the second protrusion 704 is that 

when pushing the closed ring to tighten the upper and lower clamps, the second 

protrusions 704 abut against each other to limit the relative positions of the tops of the 

second clamping arms, thus the upper and lower clamps may be further tightened only 15 

by the bending of the second clamping arms. Since the second clamping arms is 

supported by a highly elastic alloy such as an iron-nickel alloy, when subjected to the 

elastic deformation, an elastic stress is generated, thereby generating an internal stress 

that causes the components of the clamping device to attach to each other closely, the 

internal stress. 20 

 In addition, while designing the first protrusion 703 and the second protrusion 704, 

the first clamping component 7 also makes the positions where the distal end of the first 

clamping component 7 contacts the valve and sheath tube free of sharp corners by 

means of smooth transition of multi-curved surface. In the present embodiment, the top 

end of the first clamping component 7 is designed as a bionic structure similar to the 25 

end of the human femoral head. On one hand, the smooth design ensures that the user 

may transport the clamping components into the human body more smoothly when 

using the sheath tube, on the other hand, it ensures that the valve is not damaged due to 

the absence of sharp corners. Meanwhile, from the side view, the top end of the 
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clamping component is designed as a fan-shaped area 705 on the clamping surface. The 

structure can utilize the concave structure on both sides of the joint portion and the 

protrusions on both sides of the top end to better fix the valve during the suturing 

process, and the and the tectorial membrane performed thereon is favorable for rapid 

endothelialization. 5 

 Similarly, the top end of the second clamping component 8 is also designed with 

no sharp corners. In the present embodiment, a spherical shape design is adopted to 

reduce the damage to the valve during the movement. Different from the first clamping 

component 7, the second clamping component 8 needs to enlarge the top opening angle 

of the second clamping arms in order to better capture the valve. However, if bent from 10 

the bottom of the second clamping arms, the overall clamping arms will incline 

outwards. When pushing the closed ring 6 to tighten the upper and lower clamps, on 

one hand, it is difficult for the operator to tighten the upper and lower clamps, on the 

other hand, it is not conducive to the clamping stability of the top ends of the upper and 

lower clamps. Therefore, in the present embodiment, the top opening corner of the 15 

second clamping arms is increased by bending at the top end of the second clamping 

arms, or interpreted as by adding an additional second extending arm 804. In the present 

embodiment, the angle α between the second clamping arm and the second extending 

arm 804 is about 140 degrees, and the length of the second extending arm 804 is about 

3 mm. The design ensures that the second extending arm 804 will not generate stress 20 

concentration inside and on the valve during use, thereby ensuring the strength of the 

second clamping component 8 while reducing the damage to the valve. Moreover, a 

larger opening angle facilitates the capture of the valve during the surgery and is 

convenient for operation. 

 In the present embodiment, as shown in Fig. 3b and Fig. 4b, in order to facilitate 25 

the fixation of the valve during the suturing process, the first clamping component 7 

and the second clamping component 8 are preferably configured to have a structure 

with a wide top and a narrow bottom.  

 In the present embodiment, as shown in Figs. 5 and 6, the first clamping component 
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7 and the second clamping component 8 are machined, and then shaped by heat 

treatment (the temperature of the heat treatment process is 400-550 ℃, and the time is 

8-40 min). The first clamping arms of the first clamping component 7 are at an angle of 

132 degrees with each other, and the second clamping arms of the second clamping 

component 8 are at an angle of 120 degrees with each other.  5 

 Figs 7 and 8 further illustrate the structure of the closed ring 6 in the present 

embodiment, and how the closed ring 6 cooperates with the first clamping component 

7 and the second clamping component 8 to achieve a tight clamping to the valve. As 

shown in Fig. 5, the clamping device provided in the present embodiment is fixed by a 

closed ring. The top of the closed ring is a lantern ring structure having an internal 10 

thread 601. On one hand, the internal thread 601 may match the external thread 805 at 

the bottom of the second clamping component 8 to fix the closed ring and the second 

clamping component 8, on the other hand, it may cooperate with the second fixed teeth 

806 on the outer side of the middle portion of the second clamping component 8 to limit 

the opening angle of the arms of the second clamping component 8. The bottom of the 15 

closed ring is thinner and serves as a conveying tube connection joint 602. It should be 

noted that the second fixed teeth 806 on the outer side of the middle portion of the 

second clamping component 8 are generally designed to have an anisotropic structure, 

that is, the proximal end of each fixed tooth adopts an obtuse angle slope shape, so that 

no jamming occurs when pushing the closed ring, but the distal end adopts a right angle 20 

or an acute angle slope shape, so that once the pushing of the closed ring is completed, 

the fixing between the internal thread 601 and the second fixed teeth 806 will be stable 

due to the non-slip. 

 When the second clamping component 8 and the closed ring are transported, the 

closed ring may be firstly fixed to the second clamping component by the structure of 25 

the internal thread 601 and the external thread 805 and then connected to the conveying 

tube, and the second clamping component 8 and the closed ring are delivered to the 

distal end of the valve. After the valve is captured, the closed ring is screwed to pass 

through the threaded section of the second clamping component 8, and the closed ring 
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is further pushed until the internal thread 601 thereof partially coincides with the second 

fixed teeth 806. At this time, the valve will be pulled toward the center and tightened, 

and the angle between the clamping components and the clamping force will be 

adjusted by adjusting the position where the internal thread 601 is inserted into the 

second clamping component 8, thereby optimizing the clamping state of the valve. As 5 

shown in Fig. 8, the stress should be balanced and appropriate in the final valve 

clamping state, at the top of the valve clamping device, the valve is tightly clamped by 

using the first protrusion 703 of the first clamping component 7 and the dome 803 of 

the second clamping component 8, in the middle, the valve is fixed by the spiny 

clamping teeth of the first clamping part 7, and in the external, the whole clamping 10 

device is fixed by the binding force of the closed ring. The whole clamping process is 

stable and efficient, and the damage to the valve is small. 

 In the present embodiment, the number of the clamping arms is two sets, in other 

preferred embodiments, three or more sets of clamping arms may also be used to jointly 

capture the structure of the valve. It can be understood by those skilled in the art that 15 

the number of the clamping arms may be selected according to the actual situation of 

the patients during the surgery.  

  

 Another embodiment of the present invention provides a valve clamping system. 

The valve clamping system includes an operating component, a delivery component, a 20 

functional component and an implanting component, which are all placed in a storage 

box for easy use during surgery except for the disposable implanting component, 

wherein: the operating component includes a conveying device 5 and a pushing rod; the 

delivery component includes a catheter sheath 1, a piercing sheath and a loading device 

2; the functional component includes an expanding device 3 and a trans-valve device 4; 25 

the first clamping component 7, the second clamping component 8 and the closed ring 

6 are the implanting components, which are permanently implanted into the human 

body after the implantation is completed, so, the three components are usually made of 

a non-toxic shape memory alloy. Meanwhile, the excellent elasticity thereof may reduce 
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the damage of the components to the organ tissue during the surgery, and clamp the 

valve more tightly. 

 The structures and cooperation relationship of various components will be 

described below in combination with the specific use of each component in the surgery. 

 During the surgery, how to use the system to deliver the valve clamping device into 5 

the human body, complete the clamping action and eventually withdraw the delivery 

system are described below. 

 First, the fourth or fifth intercostal space of the left chest of a patient is cut open 

for 4-6 cm to expose the apex of the heart, and the purse-string suture is performed at 

the apex. Then, the puncture needle is used to puncture into the left ventricle at the 10 

center of the purse string, the guide wire is introduced along the middle hole of the 

puncture needle, and the puncture needle is pulled out. The puncture needle is a 

common tool of the operating room, thus does not need to be included in the clamping 

system. 

 Second, the catheter sheath 1 and the expanding device 3 are introduced along the 15 

guide wire. As shown in Fig. 9, the figure shows the connection relationship of the 

catheter sheath 1, the expanding device 3 and the loading device 2, wherein the catheter 

sheath 1 is a tubular component and the tube hole thereof is the first through hole. The 

first through hole may allow the loading tube at the lower right end of the loading device 

2 to be inserted therein, and the tube hole of the loading tube is the fourth through hole 20 

having an inner diameter sufficient to accommodate several components such as the 

expanding tube of the expanding device 3, the conveying tube 501 of the conveying 

device 5, etc. Therefore, during the surgery, the loading device 2 may be used as the 

proximal end of the delivery component to receive the various operating components 

and introduce them into the catheter sheath 1 at the distal end. 25 

 In the present embodiment, the expanding device 3 and the catheter sheath 1 may 

be combined together, that is, the expanding device 3 may be inserted into the catheter 

sheath 1 through the loading device 2. The expanding device 3 has an expanding tube 

and the tube hole thereof is the second through hole whose inner diameter is adapted to 
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be penetrated by the guide wire. Moreover, viewed from the axial length, the expanding 

device 3 is longer than the catheter sheath 1, extending about 13-8 cm from the catheter 

sheath, and the length of catheter sheath 1 is required to be 20-35 cm. The transition 

between the tube body of the expanding device 3 and the tube wall of the catheter sheath 

1 should be smooth, so that the catheter sheath 1 and the expanding device 3 will not 5 

scratch the tissue when passing through the myocardium. Once the distal end of the 

catheter sheath 1 is determined to be already below the horizontal position of the 

papillary muscle in the ventricle, the expanding device 3, the loading device 2 and the 

guide wire is pulled out, and catheter sheath 1 is left to be attached to the ventricle.  

 Third, in order to achieve the trans-valve step of the distal end of the catheter sheath 10 

1, a trans-valve device 4 is needed to be introduced along the catheter sheath 1. The 

structure of the trans-valve device 4 is as shown in Fig. 10, and the trans-valve device 

4 has a trans-valve head 401 and a rod body 402. The trans-valve head 401 is made of 

a superelastic nickel-titanium alloy that can be compressed into a 6-8 F piercing sheath 

(the piercing sheath is a common tool in the operating room, the length is about 10 cm). 15 

Since the size of the trans-valve head 401 in the uncontracted state is generally larger 

than the inner diameter of the piercing sheath, the rod body 402 is first inserted into the 

piercing sheath during surgery. Since the rod body 402 is about 50-60 cm in length, 

which is larger than the length of the piercing sheath, when the trans-valve head 401 

touches the piercing sheath, the restraining force of the piercing sheath may be used to 20 

compress the trans-valve head 401 into the piercing sheath if the rod body 402 is 

continuously pulled. The piercing sheath is then inserted into the catheter sheath 1 to 

continue to send the trans-valve device 4 inwards. After the trans-valve ball at the head 

of the trans-valve device 4 crosses from the anterior and posterior leaflets of the mitral 

valve and enters the left atrium, the catheter sheath 1 is continued to be sent inward. 25 

When the head of the catheter sheath 1 is already in the left atrium, the trans-valve 

device 4 and the piercing sheath are pulled out. 

 Fourth, in-vitro assembly. The structure of the conveying device 5 is as shown in 

Fig. 11, and the distal end of the conveying device 5 is a conveying tube 501 and the 
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tube hole thereof is the third through hole. The pushing rod 9 is a rod-shaped component 

and may enter the third through hole. The loading device 2 has a length of 5-15 cm, the 

conveying tube 501 has a length of 45-55 cm, and the pushing device has a length of 

80-90 cm. A closed ring 6 is mounted at the distal end of the conveying tube 501. The 

closed ring 6 has a structure as shown in Fig. 6, and the distal end thereof has an internal 5 

thread 601. A Y-shaped hemostasis valve 503 is further mounted at the proximal end of 

the conveying device 5. 

 The structures of the first clamping component 7, the second clamping component 

8, and the conveying tube 501 after installation are shown in Fig. 12, wherein, the 

structures of the first clamping component 7 and the second clamping component 8 are 10 

respectively shown in Fig. 3a and Fig. 4a. The proximal end of the first clamping 

component 7 is connected with the pushing rod 9 through thread, the second clamping 

component 8 is sleeved on the surface of the rod body of the pushing rod 9, and the 

proximal end of the second clamping component 8 is provided with an external thread 

805, which may be matched and connected with the internal thread 601 of the closed 15 

ring 6 at the distal end of the conveying tube 501. In addition, the proximal end of the 

clamping arm of the second clamping component 8 is also provided with clamping teeth, 

so that the opening angle of the clamping arms of the second clamping component 8 

may be further restrained by the internal thread 601 on the closed ring 6 to gather the 

clamping arms and tightly fix the clamping components. 20 

 The in-vitro assembly steps in the surgery are as follows: the conveying tube 501 

in the conveying device 5 is inserted into the loading device 2, and then the pushing rod 

9 is inserted into the conveying tube 501. There is a hole between the most distal end 

of the conveying tube 501 and the closed ring 6, the silk thread is passed through the 

hole for binding, and finally the knot is tied at the operating handle 502. The second 25 

clamping component 8 is then put into the pushing rod 9 and slides along the surface of 

the pushing rod 9 to the bottom. The distal end of the pushing rod 9 is connected with 

the first clamping component 7 through thread, and the proximal end of the second 

clamping component 8 is then connected with the distal end of the closed ring 6 through 
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thread to eventually receive the upper and lower clamps into the loading device 2. 

 Fifth, the loading device 2 is connected with the catheter sheath 1. The operating 

handle 502 is pushed into the heart until both the first clamping component 7 and the 

second clamping component 8 are released in the left atrium. The first clamping 

component 7 and the second clamping component 8 are adjusted to be perpendicular to 5 

the on-off direction of the mitral valve, and then the catheter sheath 1 is withdrawn, so 

that the first clamping component 7 and the second clamping component 8 are 

respectively on a side of the valve. The first clamping component 7 is pushed up to 

make the second clamping component 8 capture the valve, and then the first clamping 

component 7 is pulled down, so that the clamping arms of the first clamping component 10 

7 and the second clamping component 8 clamp the valve. Subsequently, the closed ring 

6 is pushed up, so that the left and right clamping arms are gathered into the closed ring 

6. The final clamping mode is as shown in Fig. 6. 

    Sixth, the thread of the pushing rod 9 is screwed off and the pushing device is 

withdrawn. The knot is cut at the operating handle 502, and the silk thread is 15 

withdrawn to separate the conveying tube 501 from the closed ring 6. The conveying 

device 5, the catheter sheath 1 and the loading device 2 are withdrawn. 

   Seventh, the purse string is closed, the chest is closed, and then the surgery is 

completed. 

     20 

 The preferred embodiments of the present invention have been described in detail 

above. It should be understood that ordinary technicians in the field may make many 

modifications and changes according to the concept of the present invention without 

creative work. Therefore, any technical schemes that may be obtained by a person 

skilled in the art through logical analysis, reasoning or limited experiments on the basis 25 

of the prior art in accordance with the concept of the present invention shall be within 

the protective scope determined by the claims.  
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CLAIMS 

 

 1. A valve clamping system, comprising: 

 a catheter sheath, having a first through hole; 

 an expanding device, having a second through hole, wherein the second through 5 

hole and an outer wall thereof are capable of entering into the first through hole; the 

second through hole has an inner diameter adapted to be penetrated by the guide wire; 

and the axial length of the second through hole is greater than the axial length of the 

first through hole; 

 a trans-valve device, wherein the trans-valve device comprises a rod body having 10 

an outer diameter smaller than an inner diameter of the first through hole and an elastic 

trans-valve head disposed at one end of the rod body, and the length of the rod body is 

greater than the axial length of the first through hole; 

 a conveying device, wherein one end of the conveying device is provided with a 

conveying tube, the conveying tube comprises a third through hole, one end of the 15 

conveying tube is connected with a closed ring in a detachable manner, and the axial 

length of the conveying tube is greater than the axial length of the catheter sheath; 

 a pushing rod, wherein at least a portion of the pushing rod is capable of entering 

the third through hole, and a length of the rod section of the pushing rod capable of 

entering the third through hole is greater than an axial length of the third through hole; 20 

 a loading device, wherein the loading device comprises a fourth through hole 

adapted to accommodate at least a portion of the conveying tube, and at least a portion 

of the outer wall of the fourth through hole is capable of entering into the first through 

hole; and  

 a first clamping component and a second clamping component, wherein the first 25 

clamping component comprises at least two first clamping arms, and the second 

clamping component comprises a corresponding number of second clamping arms; 

each of the first clamping arms and the corresponding second clamping arm are 

combined into a pair of clamps; the first clamping component is adapted to be connected 



23 
 

to the distal end of the pushing rod in a detachable manner, the second clamping 

component is adapted to be connected to the pushing rod in a sliding manner, and the 

distal end of the closed ring is adapted to be connected to the proximal end of the second 

clamping component in a detachable manner. 

 5 

 2. The valve clamping system of claim 1, wherein the valve clamping system 

further comprises a piercing sheath, and the piercing sheath comprises a tube section 

having an inner diameter dimension adapted to accommodate the rod body and the 

trans-valve head, and an outer diameter dimension adapted to enter the first through-

hole.   10 

 

 3. The valve clamping system of claim 1, wherein the conveying device further 

comprises a hemostasis valve disposed at an end of the conveying device away from 

the conveying tube. 

 15 

 4. The valve clamping system of claim 1, wherein a transition between a tube body 

of the expanding device and a tube wall of the catheter sheath is smooth. 

 

 5. The valve clamping system of claim 1 or 3, wherein, the conveying device 

further comprises an operating handle, and the conveying tube and the closed ring are 20 

fixed to the operating handle in a silk thread binding manner. 

 

 6. The valve clamping system of claim 1, wherein, a distal end of the closed ring 

and a proximal end of the second clamping component are respectively provided with 

an internal thread and an external thread matched with each other, and the second 25 

clamping component comprises fixed teeth that cooperate with the internal thread. 
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 7. The valve clamping system of any of the preceding claims, wherein, the valve 

clamping system further comprises a storage box configured for a setting of the catheter 

sheath, the expanding device, the trans-valve device, the conveying device, the loading 

device, and the pushing rod. 

  5 


