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Background: The CL-V full-carbon bileaflet mechanical heart valve is a novel Chinese-made prosthetic 
valve. This study evaluated the mid-term outcomes of the CL-V bileaflet mechanical heart valve after 
implantation in Chinese patients.
Methods: This study retrospectively enrolled a total of 38 consecutive patients who underwent elective 
mechanical heart valve replacement (MHVR) with two different valve types from April 2004 and May 2010, 
including 18 patients with the CL-V bileaflet mechanical heart valve (44.4% male, mean age 47.4±6.2 years, 
mean body weight 64.7±11.9 kg) and 20 patients with the St. Jude mechanical heart valve (45.0% male, mean 
age 49.7±7.6 years, mean body weight 66.1±11.1 kg). All patients underwent follow-up clinical evaluations in 
the outpatient department at all-time points.
Results: No complications occurred during the mean 61.3 months follow-up time (range, 47– 
102 months). The cardiothoracic ratios (52.7%±4.5% vs. 50.1%±4.0%), left atrium diameter (46.5±7.6 vs. 
44.8±9.3 mm), left ventricular diastolic diameter (47.6±4.9 vs. 48.2±8.5 mm) and left ventricular ejection 
fraction (65.4%±8.7% vs. 64.5%±8.0%) were not significantly different between the two groups (P>0.05). 
Transthoracic Doppler echocardiography showed that the hemodynamic indexes were not significantly 
different between the two groups at 1 year and 3 years (P>0.05). Furthermore, no significant differences were 
found between the two groups in hemocompatibility indexes at both 6 months and 3 years postoperatively 
(P>0.05).
Conclusions: The mid-term follow-up results of the CL-V bileaflet mechanical heart valve were similar to 
those of the St. Jude Medical heart valve, which showed stable hemodynamics and good blood compatibility. 
Chinese-made CL-V bileaflet mechanical heart valves can be a substitute for St. Jude Medical heart valves, 
and can be widely used in cardiac surgery.
Trial registration: Chinese Clinical Trial Registry ChiCTR2000034158. 
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Introduction

Valvular heart disease (VHD) is a growing public health 
problem (1). Congenital and acquired VHD remains 
a predictable cause of heart failure and an important 
cause of sudden death (2,3). The prevalence of VHD 
in industrialized countries is estimated to be 2.5%, and 
increases with age (3). After the age of 65, the incidence 
of VHD increases significantly (4). Of all VHD subtypes, 
aortic valve disease has the worst prognosis and a higher 
mortality rate (5).

The CL-V bileaflet is a novel domestic mechanical valve 
prosthesis, consisting of a valve leaflet, valve frame and 
suture ring (6). The valve leaflet is coated with pyrocarbon 
and tungsten-containing graphite impervious to X-rays, 
with a convex pivot structure on both sides of the valve 
leaflet and ‘8’ shaped grooves in the valve frame which 
constitute a movable hinge joint. The opening angle of 
the valve leaflet is 82° and the closing angle is 25°. The 
valve frame is made of pure pyrolytic carbon. The material 
for the rotatable suture ring is made of polyester fabric 
for medical use. The St. Jude bileaflet is produced by St. 
Jude Medical company of the United States, and the valve 
frame and leaflet are made of graphite coated with pyrolytic 
carbon. Two semicircular valve leaflets control the opening 
and closing with an opening angle of 85°, and the suture 
ring is made of polyester fabric for medical use.

The bileaflets which have achieved long-term clinical 
application, especially the St. Jude and Carbomedics 
bileaflets, constitute more than 70 percent of clinical valve 
types and are recognized as the most excellent artificial 
mechanical heart valves (7-9). Most previous studies are 
case report, or only reported short-term clinical effects. 
The CL-V bileaflet is a brand new Chinese-made prosthetic 
valve. The present study is the first trial evaluating the mid-
term outcome results of the CL-V bileaflet mechanical heart 
valve after implantation in Chinese patients. We present the 
following article in accordance with the STROBE reporting 
checklist (available at http://dx.doi.org/10.21037/jtd-20-
2644).

Methods 

Study patients

The present study retrospectively enrolled a total of 38 
consecutive patients who underwent mechanical heart 
valve replacement (MHVR) with two different valve types 
in the First Hospital of Lanzhou University from April 

2004 and May 2010. Patients were eligible for inclusion 
if they met all of the following criteria: (I) patients aged  
≥18 years old; (II) patients diagnosed on the basis of medical 
history, physical examination, electrocardiogram, chest 
X-ray and transthoracic Doppler echocardiography; (III) 
patients underwent MHVR surgery with a Chinese-made 
CL-V bileaflet or St. Jude mechanical heart valve (St. Jude 
Medical, Inc., St. Paul, MN, USA). Patients were excluded 
if they met any of the following criteria: (I) patients aged 
≥50 years old; (II) coronary heart disease; (III) pregnancy; 
(IV) dialysis; (V) aortic dissection; (VI) critical perioperative 
state; (VII) recent neurologic event before operation; 
(VIII) severe renal insufficiency (serum creatinine  
>150 μmol/L) before operation; (IX) bioprosthetic heart 
valve replacement; (X) intra-aortic balloon counter 
pulsation. Informed consent was obtained from all 
individual participants included in the study. The study was 
approved by the ethics committee of the First Hospital of 
Lanzhou University (LDYYLL2019-230), and the study 
was registered with the Chinese Clinical Trial Registry, 
registration number ChiCTR2000034158. All procedures 
performed in this study involving human participants were 
in accordance with the Declaration of Helsinki (as revised 
in 2013).

Surgical techniques and postoperative anticoagulation

All patients underwent a median sternotomy incision at 
medium temperature ranging from 27 to 32 ℃ under general 
anesthesia with cardiac-pulmonary bypass. The operation 
was performed via a membrane oxygenator under cardiac 
arrest and the patients were perfused with cold cardioplegia 
solution. Continuous suture was performed for mitral 
valve replacement, and interrupted suture was performed 
for aortic valve replacement. If a left atrial thrombus was 
found, left atrial embolectomy was performed. If tricuspid 
insufficiency was severe, valvuloplasty was not performed. 
After the operation, assisted circulation was provided to 
patients until circulation, breathing, arterial blood gas 
and electrolyte levels were satisfactory. The respirator was 
then stopped, the respiratory tube was drawn, protamine 
was used for neutralization, then hemostasis and sternal 
closure were performed. After the patient was transferred 
to the ICU, a respirator was used continuously to control 
breathing, and other treatments such as electrocardiograph 
monitoring and invasive blood pressure monitoring were 
implemented. 

After the patient was stabilized, the patient was 
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transferred to a general ward. Warfarin (domestically 
produced) was taken orally at 18:00 on the 2nd or 3rd 
day postoperatively with a first dose of 3.75 to 5 mg. 
Anticoagulant detection was conducted 48 hours later, then 
the dose was adjusted according to the monitoring data. 
The prothrombin time (PT) was adjusted to 1.5 times that 
of the control value, and the international normalized ratio 
(INR) was 1.5 to 2.5. After the operation, no patient took 
anti-platelet drugs.

Follow-up and study endpoints

All patients returned to the outpatient department for 
reexamination at 1, 3, 6 and 12 months after discharge and 
annually thereafter. Examination included: inquiry about 
subjective symptoms, physical examination, laboratory 
examinations,  chest X-ray, transthoracic Doppler 
echocardiography, evaluation of cardiac function, and 
observations of prosthetic valve-related complications. 
The details of the follow-up were recorded on a form and 
follow-up examination data were filed.

The primary endpoint of the present study was 
a composite of complications such as death, stroke, 
transient ischemic attack (TIA), myocardial infarction, 
thromboembolism, life-threatening or disabling bleeding, 
acute kidney injury and residual shunt. The secondary 
endpoints of the present study included: (I) cardiac 
function indexes; (II) hemodynamic indexes and (III) 
hemocompatibility indexes.

Statistical analysis

Continuous variables are expressed as mean ± standard 
deviation (SD) and categorical variables are expressed 
as numbers (percentages). The statistical significance of 
continuous data were tested using a Student’s t test or the 
Mann-Whitney U test, depending on whether there was a 
Gaussian distribution. A Chi-square test or Fisher’s exact test 
was used to determine statistical significance of categorical 
data. A P value of less than 0.05 was considered to be 
statistically different. All data were calculated and analyzed 
using Software Package for Statistics and Simulation (SPSS; 
version 22.0, IBM Corp Armonk, NY, USA). 

Results

Patient demographics and baseline characteristics

A total 38 patients met the inclusion criteria and underwent 

MHVR with the CL-V bileaflet or the St. Jude mechanical 
heart valve. According to the type of valve, patients enrolled 
in the study were divided into two groups: the CL-V group, 
including 18 patients with the CL-V bileaflet mechanical 
heart valve (44.4% male, mean age 47.4±6.2 years, mean 
body weight 64.7±11.9 kg), and the SJM group including 
20 patients with the St. Jude mechanical heart valve 
(45.0% male, mean age 49.7±7.6 years, mean body weight  
66.1±11.1 kg). A total of 20 CL-V bileaflets were implanted 
including 18 valves in the mitral position (including  
1 25 mm valve and 17 27 mm valves) and 2 valves in the 
aortic position (2 23 mm valves). Mitral valve replacement 
was performed in 16 patients and combined aortic and 
mitral valve replacement was performed in 2 patients. A 
total of 22 St. Jude Medical heart valves were implanted, 
including 19 valves in the mitral position (including  
1 25 mm valve and 18 27 mm valves) and 3 valves in the 
aortic position (3 23 mm valves). The patient demographics 
and baseline characteristics are shown in Table 1, and the 
two groups were well balanced in regards to these baseline 
factors. All patients returned to the outpatient department 
for reexamination at 1, 3, 6 and 12 months after discharge 
and annually thereafter.

Primary endpoints

A t  m e a n  6 1 . 3  m o n t h s  f o l l o w - u p  t i m e  ( r a n g e ,  
47–102 months), there were no complications such as death, 
stroke, TIA, myocardial infarction, thromboembolism, life-
threatening or disabling bleeding, acute kidney injury or 
residual shunt.

Secondary endpoints

Cardiac function indexes
A comparison of cardiac function indexes between the CL-V 
and SJM groups is shown in Table 2. Cardiothoracic ratio 
(C/T), left atrium diameter (LAD), left ventricular diastolic 
diameter (LVDD), left ventricular ejection fraction (LVEF), 
and left ventricular fractional shortening (LVFS) were not 
statistically different at 1 year and 3 years follow-up. 

NYHA symptoms improved at similar rates in both 
groups as shown in Figure 1. NYHA class 1 had 0, 5, 10 
cases in CL-V group, and 0, 3, 11 cases in SJM group, 
NYHA class 2 had 6, 8, 6 cases in CL-V group, and 5, 9, 
5 cases in SJM group, NYHA class 3 had 7, 3, 2 cases in 
CL-V group, and 8, 5, 3 cases in SJM group, NYHA class 
4 had 5, 2, 0 cases in CL-V group, and 7, 3, 1 cases in SJM 
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Table 1 Baseline characteristics of patients

Characteristics CL-V group (n=18) SJM group (n=20) P value

Age, years 47.46.2 49.7±7.6 0.54

Male, n (%) 11 (61.1) 9 (45.0) 0.97

Weight, kg 64.7±11.9 66.1±11.1 0.62

NYHAa class III or IV, n (%) 12 (66.7) 15 (75.0) 0.57

Hypertension, n (%) 6 (33.3) 10 (50.0) 0.30

Diabetes, n (%) 3 (16.7) 2 (10.0) 0.90

Atrial fibrillation, n (%)b 6 (33.3) 4 (20.0) 0.57

Arial septal defect, n (%) 1 (5.6) 0 (0.0) 0.96

Patent ductus arteriosus, n (%) 1 (5.6) 0 (0.0) 0.96

Rheumatic heart disease, n (%) 17 (94.4) 18 (90.0) 1.00

Infective endocarditis, n (%) 1 (5.6) 0 (0.0) 0.96

Left atrial thrombus, n (%) 2 (11.1) 3 (15.0) 1.00

Operative characteristics, n (%)

AVRc 0 (0.0) 1 (5.0) 1.00

MVRd 16 (88.9) 17 (85.0) 1.00

BVRe 2 (11.1) 2 (10.0) 1.00

Surgical valve labeled size (mm), n (%)

23 2 (10.0) 3 (13.6) 1.00

25 1 (4.8) 1 (4.3) 1.00

27 17 (85.0) 18 (81.8) 1.00

Continuous variables are expressed as mean ± SD; categorical variables are expressed as number (percentage). a, New York Heart 
Association functional class; b, includes transient, persistent or permanent atrial fibrillation; c, aortic valve replacement; d, mitral valve 
replacement; e, bivalve replacement. SJM, St. Jude mechanical heart valve.

Table 2 Comparison of cardiac function indexes at 1 year and 3 years

Indexes
1 year 3 years

CL-V group (n=18) SJM group (n=20) P value CL-V group (n=18) SJM group (n=20) P value

C/T (%) 58.4±4.7 56.9±5.3 0.34 52.7±4.5 50.14.0 0.95

LAD (mm) 48.5±3.4 47.6±3.3 0.39 46.5±7.6 44.89.3 0.87

LVDd (mm) 50.1±2.6 51.5±3.2 0.13 47.6±4.9 48.28.5 0.97

LVEF (%) 57.9±2.7 56.8±3.1 0.25 65.4±8.7 64.5±8.0 0.90

LVFS (%) 35.1±1.2 35.8±2.2 0.25 35.6±7.6 34.4±4.9 0.98

SJM, St. Jude mechanical heart valve; C/T, cardiothoracic ratio; LAD, left atrium diameter; LVDD, left ventricular diastolic diameter; LVEF, 
left ventricular ejection fraction; LVFS, left ventricular fractional shortening.
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group at baseline, 1 year and 3 year respectively.

Hemodynamic indexes
For the aortic valve, the mean gradients at baseline 
(47.2±3.2 vs. 45.6±2.8; P=0.59), 1 year (8.3±3.3 vs. 9.3±3.6; 
P=0.45), and 3 years (8.5±1.2 vs. 9.2±1.1; P=0.50) were not 
significantly different. Furthermore, effective orifice areas 
at baseline (0.7±0.1 vs. 0.8±0.1; P=0.41), 1 year (2.0±0.9 vs. 
1.8±0.1; P=0.43), and 3 years (2.0±0.1 vs. 1.9±0.3; P=0.90) 
were not significantly different, as shown in Figure 2. For 
the mitral valve, the mean gradients at baseline (9.0±1.0 vs. 
9.2±1.2; P=0.73), 1 year (5.5±0.4 vs. 5.7±0.8; P=0.52), and 
3 years (5.3±0.2 vs. 5.5±0.7; P=0.28) showed no statistically 
significant differences. Additionally, effective orifice areas 
at baseline (1.2±0.2 vs. 1.1±0.1; P=0.50), 1 year (2.3±0.1 vs. 
2.2±0.2; P=0.19), and 3 years (2.4±0.2 vs. 2.3±0.1; P=0.26) 
had no statistical differences as shown in Figure 3. Hence, 
for both the aortic valve and the mitral valve, transthoracic 
Doppler echocardiography showed no statistically 
significant differences for mean gradient or effective orifice 
area at all-time points up to 3 years post-surgery.

Hemocompatibility indexes
A comparison of hemocompatibility indexes between 
the CL-V group and the SJM group is shown in Table 3. 
For hemoglobin, there were no significant differences 
at 6 months (123.0±15.0 vs. 137.3±17.8; P=0.39) or  
3 years (120.0±13.2 vs. 139.3±16.8; P=0.49). For lactic 
dehydrogenase, there were no significant differences at 
6 months (215.6±74.5 vs. 229.4±55.5; P=0.83) or 3 years 
(211.6±76.5 vs. 239.2±54.5; P=0.80). Additionally, there 
were no significant differences in platelet count at 6 months 
(147.4±49.9 vs. 148.4±48.7; P=0.98) or 3 years (149.4±47.2 
vs. 149.4±43.1; P=0.97).

Discussion

Our retrospective cohort study is the first observational 
study to evaluate the mid-term outcomes of the Chinese-
made CL-V bileaflet mechanical heart valve after 
implantation in Chinese patients. The mid-term follow-
up results of the Chinese-made CL-V bileaflet mechanical 
heart valves were similar to those of the St. Jude Medical 
heart valves, which showed stable hemodynamics and good 
blood compatibility.

An ideal artificial heart valve should have the following 
characteristics: (I) it should conform to blood hydrodynamic 
performance; (II) have good blood compatibility with low 
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Figure 1 NYHA functional class at baseline, 1 year and 3 years. 
Based relevant symptoms assessing patients’ NYHA Function 
grade, no difference between the CL-V group and SJM group at 
all-time points up to 3 years post-surgery. NYHA, New York Heart 
Association. SJM, St. Jude mechanical heart valve.

Figure 2 Aortic valve mean gradient and effective orifice area. 
Based transthoracic Doppler echocardiography assessing mean 
gradients and effective orifice areas of aortic valve, no difference 
between the CL-V group and SJM group at all-time points up to  
3 years post-surgery. SJM, St. Jude mechanical heart valve.

Figure 3 Mitral valve mean gradient and effective orifice area. 
Based transthoracic Doppler echocardiography assessing mean 
gradients and effective orifice areas of mitral valve, no difference 
between the CL-V group and SJM group at all-time points up to  
3 years post-surgery. SJM, St. Jude mechanical heart valve.
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noise, but no coagulation or hemolysis; (III) durability; 
(IV) ease of surgical implementation; (V) low cost and high 
availability. Since its first clinical application in 1977, the St. 
Jude Medical bileaflet prosthesis has been used worldwide 
due to its excellent hemodynamic characteristics and 
durability, and has come to represent the bileaflet prosthesis 
(10,11). It was reported that the total number of mechanical 
heart valves decreased in terms of all prosthetic valves 
used in clinics, from 53% in 1996 to 32% in 2005 (12). 
The ability to design and develop Chinese-made bileaflet 
mechanical heart valves is still very poor. 

The CL-V bileaflet mechanical heart valve was jointly 
developed by Changhai Hospital, the Second Military 
Medical University and Lanzhou LanFei Medical 
Instrument Co., Ltd. It was first used in clinical practice 
at our hospital in April 2004. The long-term follow-
up results of the CL-V bileaflet mechanical heart valve 
after implantation in the human body were observed and 
analyzed, and were compared to 20 patients with the St. 
Jude Medical heart valve during the same period.

A comparison between the two groups in our study 
revealed no significant differences in demographic 
characteristics. The preoperative parameters were 
comparable for both groups of patients. All patients in both 
groups were successfully weaned from cardiopulmonary 
bypass (CPB) with stable respiratory and circulatory 
systems, and survived the perioperative period. The smooth 
surface of the CL-V bileaflet and flexible transition between 
the open and closed positions were observed at follow-up. 
No significant differences in C/T, LAD, LVDD, LVEF and 
LVFS values at 1 year and 3 years post-surgery between 
the two groups were observed. The patients were able 
engage in manual labor at varying degrees, and achieved a 
good quality of life at follow-up. As the pressure difference 
across the valve can accurately reflect hemodynamic 
performance (13), our results demonstrated that the  
hemodynamic performance of the two valves was similar. No 
statistically significant differences in the mean transvalvular 

pressure gradient and effective orifice between the Chinese-
made CL-V bileaflet mechanical heart valve and the St. 
Jude Medical heart valve were found. Furthermore, they are 
also similar to heart valves made in other countries (14,15).

An intravascular hemolysis reaction is closely related 
to the transvalvular pressure gradient, prosthetic valve 
regurgitation and blood turbulent flow, which might 
indirectly reflect prosthetic valve hemodynamics (16,17). 
Therefore, blood compatibility of prosthetic valves 
is another indicator for evaluating prosthetic valve 
performance. The results from our follow-up showed that 
there were no significant differences in hemocompatibility 
indexes between the CL-V bileaflet mechanical heart 
valve and the St. Jude Medical heart valve at 6 months and  
3 years post-surgery. No hemolysis reaction or hemolytic 
anemia was noted. At present, prosthetic heart valve 
thromboembolism and anticoagulant-related bleeding are 
the two most important complications following mechanical 
prosthetic valve replacement (18), and are key to developing 
effective and safe prosthetic valves (19,20). At recent 
follow-up, no thromboembolism or severe anticoagulant-
related bleeding was found with the same intensity as 
anticoagulation therapy (INR 1.5–2.5) for the two kinds of 
valves in this study. The results of the long-term efficacy of 
the Chinse-made CL-V bileaflet mechanical heart valve are 
still being observed. 

According to comparisons between the two groups, 
the mid-term follow-up results of the CL-V bileaflet 
mechanical heart valve were similar to those of the St. Jude 
Medical heart valve, which demonstrated good mid-term 
clinical outcomes, stable hemodynamics and good blood 
compatibility. At recent follow-up, the cardiac function of 
the patients improved and there were no reports of valve-
related complications, including valvular structural damage, 
paravalvular leakage, prosthetic valve endocarditis and 
thromboembolism, postoperative anticoagulation-related 
complications, and hemolytic anemia. Due to a limited 
number of cases in this study, further studies should be 

Table 3 Comparison of hemocompatibility indexes at 6 months and 3 years

Indexes
6 months 3 years

CL-V group (n=18) SJM group (n=20) P Value CL-V group (n=18) SJM group (n=20) P value

HB (c/g·L−1 ) 123.0±15.0 137.3±17.8 0.39 120.0±13.2 139.3±16.8 0.49

LDH (c/U·L−1 ) 215.6±74.5 229.4±55.5 0.83 211.6±76.5 239.2±54.5 0.80

PLT (×109·L−1 ) 147.4±49.9 148.4±48.7 0.98 149.4±47.2 149.4±43.1 0.97

SJM, St. Jude mechanical heart valve; HB, hemoglobin; LDH, lactic dehydrogenase; PLT, platelet count.
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conducted using larger sample sizes of patients with the 
CL-V bileaflet mechanical heart valve, including its long-
term outcomes.

Study limitations

The main limitation of this study was that it was a 
retrospective, single center study with a small sample size. 
We handle with the limitation through rigorously screened 
and excluded patients based on inclusion and exclusion 
criteria.There was also a lack of postoperative complications 
to evaluate the safety of the CL-V bileaflet mechanical 
heart valve. Moreover, the endpoints lacked an assessment 
of postoperative complications. Further studies with a larger 
sample size, a longer follow-up or a randomized prospective 
controlled trial are needed to evaluate the Chinese-made 
CL-V bileaflet mechanical heart valve. 

Conclusions

The mid-term follow-up results of the Chinese-made 
CL-V bileaflet mechanical heart valve was similar to those 
of the St. Jude Medical heart valve, which showed stable 
hemodynamics and good blood compatibility. CL-V 
bileaflet mechanical heart valves can be a substitute for St. 
Jude Medical heart valves, and can be widely used in cardiac 
surgery.
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