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One-year outcome with a bovine pericardial valve
Jinmiao Chen, MD, PhD,a,b Chen He, MD,a,b Minzhi Lv, MD,c Yingqiang Guo, MD,d Liang Tao, MD,e

Tao Hong, MD, PhD,a,b and Chunsheng Wang, MD,a,b the Working Group*
ABSTRACT

Objectives: To evaluate the safety and effectiveness of a novel surgical bovine peri-
cardial valve for aortic and mitral valve replacements.

Methods: Between March 2016 and October 2017, 197 patients (mean age,
66.9 � 4.9 years; 40.6% were women) underwent aortic valve replacement and
mitral valve replacement and were implanted with the Cingular bovine pericardial
valve (Shanghai Cingular Biotech Corporation, Shanghai, China) in a prospective,
multicenter, single-arm trial in China. A total of 161 aortic and 49 mitral prostheses
were implanted. Patients were followed up to 1 year. The primary end point was the
1-year overall rate of valve-related complications, including thromboembolic event,
valve thrombosis, major hemorrhage event, major perivalvular leak, and prosthetic
valve endocarditis.

Results: The 1-year overall rate of valve-related complications was 0.5% (95% con-
fidence interval, 0.1%-3.7%). The 1-year survival was 96.4%. The mean gradient and
effective orifice area for aortic prostheses at 1 year postoperatively were
12.8 � 4.4 mm Hg and 1.9 � 0.3 cm2, respectively. Particularly, the mean gradients
and effective orifice area for 19 mm and 21 mm sizes of aortic prostheses at 1 year
were 17.0 � 3.8 mm Hg and 1.6 � 0.2 cm2, 13.1 � 4.0 mm Hg and 1.8 � 0.1 cm2,
respectively. Patient–prosthesis mismatch occurred in only 1.3% patients for aortic
valve implantation at 1 month. No structural valve deterioration and no endocarditis
occurred.

Conclusions: The Cingular bovine pericardial valve was safe and effective for sur-
gical aortic and mitral valve replacement. The 1-year rate of valve-related complica-
tions was very low. Early hemodynamic performance was excellent even for the
small aortic root. (JTCVS Open 2020;2:1-11)
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The Cingular bovine pericardial valves, including
aortic and mitral bioprosthesis. Left panel, lateral
view. Middle panel, outflow view. Right panel,
inflow view.
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CENTRAL MESSAGE

The Cingular bovine pericardial
valve was safe and effective for
surgical aortic and mitral valve
replacement.
PERSPECTIVE
The Cingular bovine pericardial valve was safe and
effective for surgical aortic and mitral valve
replacement. The 1-year overall rate of valve-
related complications was very low. Early hemo-
dynamic performance was excellent even for
the small aortic root.

See Commentary on page 12.
Video clip is available online.

Bovine pericardial valves offer excellent longevity and reli-
able hemodynamic performance without long-term antico-
agulation treatment.1-6 With an increasingly aging
population, bovine pericardial valves will be selected
more and more as the preferred choice for surgical valve
replacement. The durability and effective orifice area
(EOA) were the major features of the bioprosthesis and
continuous modifications were made.7-9

The Cingular bovine pericardial valve (Shanghai Cingu-
lar Biotech Corporation, Shanghai, China) was built on the
well-established Carpentier-Edwards Perimount (Edwards
Lifesciences, Irvine, Calif) valve and incorporated certain
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Abbreviations and Acronyms
AVR ¼ aortic valve replacement
CABG ¼ coronary artery bypass graft
EOA ¼ effective orifice area
MVR ¼ mitral valve replacement
NYHA ¼ New York Heart Association
PPM ¼ patient–prosthesis mismatch

Adult: Aortic Valve Chen et al
innovations for the purpose of improving the valve stability
and durability, reducing the possibility and the extent of
triangular leaflet opening, and increasing the EOA. The
performance of this study valve has been evaluated in juve-
nile sheep.10 The purpose of this prospective, multicenter,
single-arm trial was to evaluate the safety and effectiveness
of this study valve for surgical aortic valve replacement
(AVR) and mitral valve replacement (MVR) in humans.
We herein reported the 1-year outcomes of this trial.

METHODS AND MATERIALS
Study Design

A prospective, 5-center, single-arm clinical trial (ClinicalTrials.gov

identifier: NCT02755220) was conducted to evaluate the safety and effec-

tiveness of the Cingular bovine pericardial valve (Figure 1) in accordance

with the principles of the Declaration of Helsinki and all applicable laws

and regulations. The protocol and all amendments were reviewed by an

Institutional Review Board or Ethics Committee at each investigational

site.Written informed consentwas obtained fromall patients before surgery.

Patient Selection
Patients were enrolled by surgeons at each investigational site based on

indications for surgical AVR or MVR, an appropriate risk profile and sur-

gical preference for a bioprosthesis. The inclusion criteria were as follows:
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FIGURE 1. The Cingular bovine pericardial valves (Shanghai Cingular Biotec

Left panel, Lateral view. Middle panel, Outflow view. Right panel, Inflow view
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patients with heart valve disease requiring surgical replacement as indi-

cated in the preoperative evaluation, patients aged between 60 and 85 years,

patients with preoperative heart function less than New York Heart

Association (NYHA) functional class IV, patients who signed the informed

consent before surgery, and patients who agreed to finish the follow-up.

The exclusion criteria were as follows: patients had prior valve replace-

ment, patients who required concomitant tricuspid or pulmonary valve

replacement, patients who required concomitant coronary artery bypass

grafting (CABG), patients with active infective endocarditis or drug abuse,

patients with a life time expectancy<12 months, and patients who were

unable to follow anticoagulation treatment. Patients requiring CABG

were excluded because concomitant CABG may complicate the procedure

and antiplatelet therapy after CABG may contaminate the primary

outcomes such as thromboembolic event, valve thrombosis, and major

hemorrhage event.
Surgical Valve Replacement
Surgical AVR or MVR was routinely performed using median ster-

notomy or upper hemisternotomy, a standard cardiopulmonary bypass

technique with ascending aortic and venous cannulation, mild hypother-

mia, and cold crystalloid cardioplegic arrest. Using the specifically de-

signed sizers for the Cingular bovine pericardial valve, the appropriate

bioprosthesis size was carefully chosen for each patient. All valves

were implanted using interrupted, pledgeted, mattressed sutures. Postop-

erative anticoagulation therapy was recommended in accordance with

the Guidelines for Management of Patients with Valvular Heart Dis-

ease.11,12 Briefly, anticoagulation with warfarin was adopted to achieve

an international normalized ratio target of 2.5 (range, 2.0-3.0) for 3 to

6 months after surgery. In the patient with atrial fibrillation, lifelong

warfarin therapy was indicated to achieve an international normalized

ratio of 2 to 3.
Study End Points
The primary end point for the trial was the overall rate of valve-related

complications at 1 year after valve implantation, including thromboem-

bolic event, valve thrombosis, major hemorrhage event, major perivalvular

leak, and prosthetic valve endocarditis, according to the update of objective
h Corporation, Shanghai, China), including aortic and mitral bioprosthesis.

.

http://ClinicalTrials.gov


Enrollment
(N = 197)

Withdraw the informed consent (N = 0)

Full analysis set
(N = 197)

Per-protocol set
(N = 187)

Exclusions (N = 10):
1.Did not meet inclusion criteria (N = 2)
2.Did not complete 1-year follow-up

1)Death (N = 7)
2)Loss to follow-up (N = 1)

FIGURE 2. Study flow of patients through the clinical trial of Cingular

bovine pericardial valves (Shanghai Cingular Biotech Corporation,

Shanghai, China).

TABLE 2. Baseline characteristics of all patients (N ¼ 197)

Parameter Result

Age (y) 66.9 � 4.9

Female sex 80 (40.6)

BMI 23.1 � 3.5

NYHA functional class

II 51 (25.9)

III 144 (73.1)

IV 2 (1.0)

Systemic hypertension 74 (37.6)

Coronary artery disease 8 (4.1)

COPD 29 (14.7)

Diabetes mellitus 9 (4.6)

STS predicted risk of mortality (%) 1.6 � 1.1

STS predicted risk of morbidity or mortality (%) 12.9 � 5.5

Logistic EuroSCORE II (%) 2.8 � 2.3

Values are presented as mean � standard deviation or n (%). BMI, Body mass index;

NYHA, New York Heart Association; COPD, chronic obstructive pulmonary disease;

STS, Society of Thoracic Surgeons; EuroSCORE, European System for Cardiac Oper-

ative Risk Evaluation.
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performance criteria for clinical evaluation of new heart valve prostheses.13

The secondary end points were the procedural success, echocardiographic

hemodynamic performance, improvement in NYHA functional class, all-

cause mortality, structural valve deterioration, and valve-related reopera-

tion at 1 year according to the guidelines for reporting mortality and

morbidity after heart valve surgery.14 The study protocol was guided by

ISO 5840-2:2015.

Echocardiographic Assessment
Patients were followed-up by transthoracic Doppler echocardiography

at 1 month and 1 year postoperatively. The modified Bernoulli equation

was used to calculate mean gradient across the bioprosthetic valve. The

EOAwas calculated by the continuity equation and indexed to body surface

area to assess the presence of patient–prosthesis mismatch (PPM) for aortic

valve. PPM was considered not clinically significant if the indexed EOA

was>0.85 cm2/m2; PPM was considered moderate if the indexed EOA

was>0.65 cm2/m2 and �0.85 cm2/m2; and PPM was considered severe

if the indexed EOAwas �0.65 cm2/m2.15,16

Data Acquisition and Follow-up
Data were prospectively collected by the respective study coordinator at

each participating center. The trial was monitored by an independent

Contract Research Organization. All suspected end point events were

adjudicated by an independent Clinical Events Committee based on

patient-level source documents obtained from each investigational site.

Hemodynamic performance data were evaluated by an independent echo-

cardiography core laboratory (Department of Echocardiography, Zhong-

shan Hospital, Fudan University). The data management and statistical

analyses were handled by the National Center for Cardiovascular Diseases
TABLE 1. Surgical volume at each participating centers

Center n

Zhongshan Hospital, Fudan University 80

West China Hospital, Sichuan University 80

Wuhan Asia Heart Hospital 28

The First Hospital of China Medical University 7

The Second Xiangya Hospital of Central South University 2
(Beijing, China). The clinical follow-up data were collected at discharge,

1 month, 3 months, 6 months, and 1 year postoperatively.
Statistical Analysis
The sample size calculation was according to the published reference

in which the overall rate of valve-related complications was about 2.9%

per patient-year.13 In addition, the average level of valve-related compli-

cation rate was about 9.0% per patient-year based on data from the

premarket approvals of Carpentier-Edwards Perimount valve

(P860057), Mitroflow aortic pericardial valve (P060038) (Sorin Group

USA, Arvada, Colo) and Trifecta valve (P100029) (St Jude Medical, St

Paul, Minn). On this basis, we assumed that the overall rate of valve-

related complications was 2.9% per patient-year for the Cingular bovine

pericardial valve. Sample size calculation was performed with a 2-sided a

level of 0.05 and 80% power. On the basis of these assumptions, 135

Cingular bovine pericardial valves would be required. The sample size

was adjusted for loss to follow-up of up to 10% and the requirements

of the China Food and Drug Administration regulations, leading to a sam-

ple size of 197 patients.

Full analysis set was defined as patients provided informed consent and

received the Cingular bovine pericardial valve implantation. Per-protocol

set was defined as patients matched the inclusion criteria and completed

1-year primary end point assessment (Figure 2). Safety analysis set was

defined as patients received the Cingular bovine pericardial valve implan-

tation and at least 1 safety assessment.

Continuous variables were summarized as mean � standard deviation.

Categorical variables were summarized as the number and percentage of

subjects in each category. The Kaplan-Meier method was used to estimate

the rate and 95% confidence interval (CI) of valve-related complications

and survival rate 1 year after valve implantation. Sensitivity analysis was

performed using tipping point method for adjustment of missing primary

end point assessments due to death and loss to follow-up. We did post

hoc subgroup analyses of different surgery types for several key outcomes.

The post hoc subgroup analysis was an exploratory result due to the insuf-

ficient sample size of each subgroup. Tests were performed using SAS 9.4

(SAS Institute Inc, Cary, NC).
JTCVS Open c Volume 2, Number C 3
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RESULTS
Baseline Patient Characteristics

A total of 197 patients at 5 centers were enrolled in this
clinical trial (Table 1). Patient baseline characteristics were
presented in Table 2 andwere classified according to surgical
type in Table 3. The mean age was 66.9 � 4.9 years (range,
60-84 years) and 40.6%werewomen.Associated comorbid-
ities included systemic hypertension (37.6%), chronic
obstructive pulmonary disease (14.7%), and diabetes melli-
tus (4.6%). The mean Society of Thoracic Surgeons
Predicted Risk of Mortality score was 1.6% � 1.1% and
the mean Logistic European System for Cardiac Operative
Risk Evaluation II score was 2.8% � 2.3%.
Intraoperative Findings
The intraoperative findings were presented in Table 4 and

Table 3. Procedural success was achieved in 100% patients.
AVR, MVR, and double valve replacement were performed
in 75.1% (148 out of 197), 18.3% (36 out of 197), and 6.6%
(13 out of 197) of patients, respectively. Full sternotomywas
employed in 98.5% of cases and upper hemisternotomy in
1.5% of cases. Totally, 161 aortic and 49 mitral
TABLE 3. Baseline characteristics, intraoperative data, and primary outc

Variable

All

(N ¼ 197)

Baseline characteristic

Age (y) 66.9 � 4.9

Female sex 80 (40.6)

BMI 23.1 � 3.5

NYHA functional class

II 51 (25.9)

III 144 (73.1)

IV 2 (1.0)

Systemic hypertension 74 (37.6)

Coronary artery disease 8 (4.1)

COPD 29 (14.7)

Diabetes mellitus 9 (4.6)

STS predicted risk of mortality (%) 1.6 � 1.1

STS predicted risk of morbidity or mortality (%) 12.9 � 5.5

Logistic EuroSCORE II (%) 2.8 � 2.3

Operative details

CPB time (min) 102.8 � 30.9

Crossclamp time (min) 70.2 � 26.2

Surgical approach

Median sternotomy 194 (98.5)

Minimal sternotomy 3 (1.5)

Primary outcomes

Valve-related complications* 1 (0.5)

Valve-related complicationsy 1 (0.5)

Values are presented as mean� standard deviation or n (%). AVR, Aortic valve replacement

ment; BMI, body mass index; NYHA, New York Heart Association; COPD, chronic obstru

System for Cardiac Operative Risk Evaluation; CPB, cardiopulmonary bypass. *Full anal
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bioprostheses were implanted. The bioprosthetic sizes
were summarized in Table 4. For the aortic prostheses,
37.8% patients received the 19 mm and 21 mm sizes. The
concomitant procedures were also listed in Table 4. The
mean aortic crossclamp time and cardiopulmonary bypass
time were 70.2 � 26.2 minutes and 102.8 � 30.9 minutes,
respectively.

Primary Outcomes
Overall, 95.9% (189 out of 197) of patients completed

the primary end point assessments at 1 year after valve
implantation. In the full analysis set, the overall rate of
valve-related complications was 0.5% (1 out of 189,
nmiss ¼ 8) (95% CI, 0.1%-3.7%; P < .001) (Table 3
and Table 5). Valve thrombosis occurred in one patient
receiving MVR with postoperative atrial fibrillation. Us-
ing sensitivity analysis with tipping point method for
adjustment of missing primary end point assessments
due to death and loss to follow-up, the overall rate of
valve-related complications was also lower than the
pre-set point 9.0% (Table 6). Furthermore, the overall
rate of valve-related complications in the per-protocol
set was 0.5% (1 out of 187) (95% CI, 0.1%-3.7%;
omes classified by surgical type

AVR

(n ¼ 148)

MVR

(n ¼ 36)

DVR

(n ¼ 13)

67.7 � 5.1 65.2 � 3.7 63.3 � 2.3

54 (36.5) 18 (50) 8 (61.5)

23.2 � 3.7 23.3 � 3.0 22.0 � 2.8

36 (24.3) 13 (36.1) 2 (15.4)

111 (75.0) 22 (61.1) 11 (84.6)

1 (0.7) 1 (2.8) 0 (0)

62 (41.9) 11 (30.6) 1 (7.7)

7 (4.7) 1 (2.8) 0 (0)

26 (17.6) 2 (5.6) 1 (7.7)

6 (4.1) 2 (5.6) 1 (7.7)

1.6 � 1.1 1.7 � 0.9 1.5 � 0.6

12.5 � 5.4 14.3 � 6.0 13.1 � 4.8

3.0 � 2.5 2.5 � 1.5 2.2 � 1.2

99.0 � 31.4 102.9 � 16.5 145.9 � 23.8

67.9 � 26.0 64.5 � 14.2 112.8 � 14.3

145 (98.0) 36 (100) 13 (100)

3 (2.0) 0 (0) 0 (0)

0 (0) 1 (2.8) 0 (0)

0 (0) 1 (2.9) 0 (0)

;MVR, mitral valve replacement;DVR, double valve (aortic and mitral valve) replace-

ctive pulmonary disease; STS, Society of Thoracic Surgeons; EuroSCORE, European

ysis set. yPer-protocol set.



TABLE 6. Sensitivity analysis for primary outcomes

No.* n (%)y
95%

CI (%)z
95%

CI (%)x
0 1 (0.5) 0.0-1.8 0.0-2.8

1 2 (1.0) 0.0-2.7 0.1-3.6

2 3 (1.5) 0.0-3.5 0.3-4.4

3 4 (2.0) 0.0-4.3 0.6-5.1

4 5 (2.5) 0.1-5.0 0.8-5.8

5 6 (3.0) 0.4-5.7 1.1-6.5

6 7 (3.6) 0.7-6.4 1.4-7.2

7 8 (4.1) 1.1-7.1 1.8-7.8

8 9 (4.6) 1.4-7.7 2.1-8.5

CI, Confidence interval. *Number of missing primary end point assessments consid-

ered as valve-related complications. yValve-related complications. zAsymptotic

normal procedure. xFisher exact test.

TABLE 4. Intraoperative data (N ¼ 197)

Parameter Result

CPB time (min) 102.8 � 30.9

Crossclamp time (min) 70.2 � 26.2

Surgical approach

Full sternotomy 194 (98.5)

Upper hemisternotomy 3 (1.5)

Operation

AVR 148 (75.1)

MVR 36 (18.3)

DVR 13 (6.6)

Aortic valve size (mm) 161

19 21 (13.0)

21 40 (24.8)

23 66 (41.0)

25 34 (21.1)

Mitral valve size (mm) 49

25 12 (24.5)

27 34 (69.4)

29 3 (6.1)

Concomitant procedures

Tricuspid valve repair 54 (27.4)

Atrial fibrillation ablation 32 (16.2)

Mitral valve repair 22 (11.2)

Ascending aortoplasty 16 (8.1)

Bentall procedure 16 (8.1)

LVOT myectomy 2 (1.0)

ASD repair 1 (0.5)

VSD repair 1 (0.5)

Values are presented as mean � standard deviation or n (%). CPB, Cardiopulmonary

bypass; AVR, aortic valve replacement;MVR, mitral valve replacement; DVR, double

valve (aortic and mitral valve) replacement; LVOT, left ventricular outflow trace;

ASD, atrial septal defect; VSD, ventricular septal defect.

Chen et al Adult: Aortic Valve
P< .001), which was consistent with the results in full
analysis set (Table 3 and Table 5).

Secondary Outcomes
All-cause mortality was 3.6% and these deaths occurred

in AVR group (Figure 3). The causes of deaths were re-
ported as heart failure (n ¼ 1), malignant arrhythmia
(n ¼ 1), aortic dissection (n ¼ 1), sepsis (n ¼ 1), stroke
(n ¼ 1), and unknown reasons (n ¼ 2). No structural valve
deterioration and no valve-related reoperation occurred.

Hemodynamic performances classified by valve posi-
tion and size over time were detailed in Tables 7 and 8.
The peak flow velocity, mean gradient, and EOA for
TABLE 5. Primary outcomes

Primary outcomes n (%) 95% CI (%) P value*

Valve-related complicationsy 1 (0.5) 0.1-3.7 <.001

Valve-related complicationsz 1 (0.5) 0.1-3.7 <.001

CI, Confidence interval. *Compared with pre-set point 9.0%. yFull analysis set. zPer-
protocol set.
implanted aortic bioprostheses of all sizes at 1 month post-
operatively were 2.3 � 0.4 m/s, 11.6 � 3.5 mm Hg, and
2.0 � 0.3 cm2, respectively. These values were maintained
through 1 year as the corresponding values were
2.5 � 0.4 m/s, 12.8 � 4.4 mm Hg, and 1.9 � 0.3 cm2,
respectively. Especially for 19 mm and 21 mm sizes, the
mean gradients and EOA at 1 year were 17.0 � 3.8 mm
Hg and 13.1 � 4.0 mm Hg, 1.6 � 0.2 cm2 and
1.8 � 0.1 cm2, respectively. The mean indexed EOA at
1 month were 1.2 � 0.2 cm2/m2, 1.1 � 0.2 cm2/m2,
1.1 � 0.1 cm2/m2, 1.3 � 0.2 cm2/m2, and
1.3 � 0.2 cm2/m2 for all sizes, 19 mm, 21 mm, 23 mm,
and 25 mm, respectively. Patient-prosthesis mismatch for
AVR, as defined by indexed EOA <0.85 cm2/m2, was
only 1.3% (2 out of 157) in our cohort. Two patients im-
planted with 19 mm aortic valves had moderate PPM (the
indexed EOA was 0.83 and 0.84, respectively). Hemody-
namic performance was also favorable for the mitral
bioprostheses. Consistently, postoperative reverse cardiac
remodeling was significant as supported by the echocar-
diographic data (Tables 9 and 10). The percentage of
patients with NYHA functional class III and IV decreased
from 74.1% before surgery to 9.3% at 1 month and 0.5%
at 1 year after surgery (Figure 4).
DISCUSSION
The Cingular bovine pericardial valve was built on the

Carpentier-Edwards Perimount valve and incorporated
certain innovations. This prospective multicenter clinical
trial was set up in China to investigate the safety and effec-
tiveness of the current study valve in a total of 197 patients
(Figure 5 and Video 1). We found that the overall rate of
valve-related complications was only 0.5% for surgical
AVR and MVR during 1-year follow-up. The 1-year
JTCVS Open c Volume 2, Number C 5
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FIGURE 3. Kaplan-Meier curves for survival after the Cingular bovine pericardial valve (Shanghai Cingular Biotech Corporation, Shanghai, China) im-

plantations according to different surgical types.AVR, Aortic valve replacement;MVR, mitral valve replacement;DVR, double valve (aortic andmitral valve)

replacement; CI, confidence interval; NA, not applicable.
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outcomes demonstrated that the Cingular bovine pericardial
valve is safe and effective.

With an increasing aging population in China and glob-
ally, a growing need for bovine pericardial valves is ex-
pected. Many commercially available valve substitutes
have undergone design modifications over the years,
including the well-established Carpentier-Edwards Peri-
mount valve.17,18 The Cingular bovine pericardial valve is
a trileaflet bioprosthesis. The design concept of the current
valve is based on the Carpentier-Edwards Perimount valve
and incorporates certain innovations. Mainly, the novel 3-
TABLE 7. Hemodynamic performance in aortic valve position

Time Parameter All sizes 19 mm

1 mo PFV (cm/s)

MG (mm Hg)

EOA (cm2)

iEOA (cm2/m2)

2.3 � 0.4 (n ¼ 157)

11.6 � 3.5

2.0 � 0.3

1.2 � 0.2

2.7 � 0.3 (n ¼ 20)

15.2 � 3.4

1.7 � 0.2

1.1 � 0.2

1 y PFV (cm/s)

MG (mm Hg)

EOA (cm2)

2.5 � 0.4 (n ¼ 151)

12.8 � 4.4

1.9 � 0.3

2.8 � 0.4 (n ¼ 19)

17.0 � 3.8

1.6 � 0.2

Values are presented as mean � standard deviation. PFV, Peak flow velocity; MG, mean g
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layer design of the stent intends its structure to remain
annular both in stationary and stressed states. The 3-layer
stent also provides a groove for the alloy wire, ensuring per-
fect matching between the stent and the alloy wire, thereby
avoiding the malposition of the stent and the alloy wire. The
malposition often leads to a shift of the alloy wire from the
stent which would cause decreased stability of the entire
bioprosthesis and uneven stress on the tissue leaflets result-
ing in wrinkles and expediting wear of the tissue leaflets.
Thus, above optimizations would increase the bioprosthetic
stability and decrease the possibility and the extent of
21 mm 23 mm 25 mm

2.4 � 0.4 (n ¼ 40)

12.1 � 3.7

1.8 � 0.1

1.1 � 0.1

2.3 � 0.3 (n ¼ 64)

11.2 � 2.8

2.1 � 0.2

1.3 � 0.2

2.1 � 0.3 (n ¼ 33)

9.3 � 2.8

2.3 � 0.2

1.3 � 0.2

2.5 � 0.4 (n ¼ 39)

13.1 � 4.0

1.8 � 0.1

2.4 � 0.3 (n ¼ 61)

12.7 � 4.4

1.9 � 0.2

2.2 � 0.3 (n ¼ 32)

10.0 � 2.9

2.2 � 0.2

radient; EOA, effective orifice area; iEOA, indexed effective orifice area.



TABLE 8. Hemodynamic performance in mitral valve position

Time Parameter All sizes 25 mm 27 mm 29 mm

1 mo PHT (ms)

MG (mm Hg)

EOA (cm2)

105.2 � 23.4 (n ¼ 48)

4.2 � 1.3

2.3 � 0.4

105.7 � 19.6 (n ¼ 12)

3.8 � 1.5

2.2 � 0.3

103.7 � 25.0 (n ¼ 33)

4.4 � 1.3

2.4 � 0.4

119.7 � 20.6 (n ¼ 3)

3.7 � 0.4

2.3 � 0.2

1-y PHT (ms)

MG (mm Hg)

EOA (cm2)

111.0 � 24.4 (n ¼ 49)

4.3 � 2.0

2.1 � 0.3

112.1 � 16.5 (n ¼ 12)

4.3 � 1.6

2.1 � 0.4

108.6 � 25.4 (n ¼ 34)

4.4 � 2.2

2.1 � 0.3

133.0 � 35.5 (n ¼ 3)

3.2 � 0.6

2.1 � 0.4

Values are presented as mean � standard deviation. PHT, Pressure half time; MG, mean gradient; EOA, effective orifice area.

TABLE 9. Preoperative and postoperative transthoracic echocardiographic findings

Parameter Preoperative 1 mo 1 y

Total

LVEF (%) 59.3 � 10.0 62.3 � 8.6 65.7 � 8.8

LAD (mm) 45.2 � 8.8 41.3 � 7.6 42.1 � 7.3

RAD (mm) 51.0 � 8.5 47.8 � 6.2 48.6 � 6.1

LVESD (mm) 36.6 � 9.5 30.5 � 6.8 28.6 � 6.2

LVEDD (mm) 53.9 � 9.6 45.9 � 6.8 44.6 � 5.9

RVEDD-basal (mm) 31.7 � 5.4 31.8 � 4.2 33.3 � 4.2

RVEDD-mid (mm) 19.6 � 4.3 19.7 � 3.6 21.0 � 3.4

LVPW (mm) 11.1 � 1.7 11.1 � 1.6 10.8 � 1.4

IVS (mm) 11.8 � 2.2 11.9 � 2.0 11.7 � 1.9

LVMI* (g/m2) 184.6 � 63.3 140.5 � 41.5 128.8 � 33.1

AVR group

LVEF (%) 58.4 � 10.2 61.8 � 8.6 65.8 � 8.0

LAD (mm) 42.7 � 6.4 39.2 � 5.4 40.1 � 4.7

RAD (mm) 49.2 � 6.9 47.4 � 5.7 48.5 � 5.1

LVESD (mm) 37.6 � 9.6 30.7 � 6.9 28.3 � 5.7

LVEDD (mm) 54.7 � 9.8 45.9 � 7.1 44.3 � 5.7

RVEDD-basal (mm) 31.3 � 5.4 31.9 � 4.2 33.4 � 4.3

RVEDD-mid (mm) 19.4 � 4.3 19.7 � 3.4 21.0 � 3.2

LVPW (mm) 11.5 � 1.7 11.4 � 1.6 11.0 � 1.4

IVS (mm) 12.3 � 2.0 12.3 � 2.0 11.9 � 1.9

LVMI* (g/m2) 196.4 � 61.9 145.5 � 42.0 130.0 � 33.3

MVR group

LVEF (%) 63.5 � 9.0 65.2 � 7.6 65.3 � 12.3

LAD (mm) 53.2 � 11.3 48.2 � 10.0 49.1 � 10.6

RAD (mm) 56.3 � 11.7 48.9 � 8.1 49.8 � 9.0

LVESD (mm) 32.4 � 7.6 29.3 � 6.5 29.8 � 8.0

LVEDD (mm) 50.6 � 7.6 46.0 � 6.4 46.1 � 6.6

RVEDD-basal (mm) 32.7 � 5.2 31.0 � 3.8 32.9 � 3.9

RVEDD-mid (mm) 20.3 � 4.5 20.1 � 4.2 20.3 � 3.6

LVPW (mm) 9.7 � 0.9 9.9 � 0.8 10.3 � 1.1

IVS (mm) 10.1 � 1.9 10.4 � 1.1 10.9 � 1.3

LVMI* (g/m2) 136.0 � 42.7 118.7 � 31.8 125.5 � 30.4

DVR group

LVEF (%) 57.7 � 8.6 59.8 � 10.5 65.4 � 4.7

LAD (mm) 51.7 � 8.9 45.9 � 8.4 43.6 � 7.0

RAD (mm) 56.5 � 7.5 49.2 � 6.1 46.2 � 5.1

LVESD (mm) 37.2 � 10.8 31.9 � 6.5 27.8 � 5.5

LVEDD (mm) 53.6 � 11.4 46.3 � 4.6 43.8 � 6.9

RVEDD-basal (mm) 33.6 � 5.7 31.8 � 4.2 33.2 � 4.1

RVEDD-mid (mm) 19.9 � 2.7 18.8 � 3.2 21.9 � 4.5

LVPW (mm) 10.8 � 1.1 10.9 � 1.6 10.3 � 1.1

IVS (mm) 11.9 � 2.7 11.8 � 2.3 11.8 � 2.4

LVMI* (g/m2) 185.4 � 66.0 144.3 � 42.8 125.6 � 38.9

Values are presented as mean � standard deviation. LVEF, Left ventricular ejection fraction; LAD, left atrial diameter; RAD, right atrial diameter; LVESD, left ventricular end-

systolic diameter; LVEDD, left ventricular end-diastolic diameter; RVEDD, right ventricular end-diastolic diameter; LVPW, diastolic left ventricular posterior wall thickness; IVS,

diastolic interventricular septum thickness; LVMI, left ventricular mass index; AVR, aortic valve replacement; MVR, mitral valve replacement; DVR, double valve (aortic and

mitral valve) replacement. *LVMI ¼ LV mass/BSA; LV mass (g) ¼ 1.04 [(LVEDD þ LVPW þ IVS)3 – LVEDD3] – 13.6.
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TABLE 10. Longitudinal analysis with linear mixed effects models for postoperative echocardiographic findings

Parameter

1 mo* 1 y*

Estimatey 95% CI P value Estimatey 95% CI P value

Total

LVEF 2.90 1.52, 4.27 <.001 6.26 4.88, 7.65 <.001

LAD �3.91 �4.60, �3.22 <.001 �3.14 �3.84, �2.45 <.001

RAD �3.21 �4.14, �2.27 <.001 �2.33 �3.28, �1.39 <.001

LVESD �5.94 �6.85, �5.03 <.001 �7.85 �8.77, �6.93 <.001

LVEDD �7.90 �8.85, �6.95 <.001 �9.11 �10.07, �8.16 <.001

RVEDD-basal 0.00 �0.71, 0.71 .994 1.62 0.90, 2.33 <.001

RVEDD-mid 0.07 �0.56, 0.69 .834 1.34 0.71, 1.97 <.001

LVPW 0.05 �0.16, 0.26 .636 �0.25 �0.46, �0.04 .020

IVS 0.06 �0.18, 0.31 .620 �0.16 �0.41, 0.08 .192

LVMIy �43.20 �49.17, �37.23 <.001 �54.52 �60.55, �48.50 <.001

AVR group

LVEF 3.35 1.77, 4.93 <.001 7.27 5.66, 8.87 <.001

LAD �3.47 �4.25, �2.69 <.001 �2.47 �3.26, �1.67 <.001

RAD �1.84 �2.82, �0.87 <.001 �0.55 �1.54, 0.44 .278

LVESD �6.77 �7.82, �5.72 <.001 �9.06 �10.13, �8.00 <.001

LVEDD �8.78 �9.89, �7.68 <.001 �10.20 �11.32, �9.08 <.001

RVEDD-basal 0.56 �0.28, 1.40 .189 2.15 1.30, 3.00 <.001

RVEDD-mid 0.24 �0.49, 0.97 .515 1.62 0.88, 2.36 <.001

LVPW �0.02 �0.27, 0.23 .894 �0.45 �0.71, �0.20 .001

IVS 0.02 �0.26, 0.29 .913 �0.39 �0.67, �0.11 .007

LVMIz �50.12 �56.89, �43.36 <.001 �65.19 �72.06, �58.33 <.001

MVR group

LVEF 1.38 �2.00, 4.76 .418 1.79 �1.55, 5.14 .289

LAD �5.04 �6.69, �3.40 <.001 �4.11 �5.74, �2.48 <.001

RAD �7.22 �9.63, �4.80 <.001 �6.56 �8.95, �4.16 <.001

LVESD �2.81 �4.69, �0.93 .004 �2.53 �4.39, �0.67 .008

LVEDD �4.53 �6.43, �2.63 <.001 �4.58 �6.47, �2.70 <.001

RVEDD-basal �1.62 �3.02, �0.22 .024 0.22 �1.17, 1.61 .750

RVEDD-mid �0.20 �1.64, 1.24 .783 0.03 �1.40, 1.45 .969

LVPW 0.27 �0.10, 0.64 .150 0.64 0.27, 1.00 .001

IVS 0.30 �0.32, 0.93 .337 0.72 0.10, 1.34 .024

LVMIy �16.05 �27.43, �4.67 .006 �10.49 �21.76, 0.78 .068

DVR group

LVEF 2.08 �2.14, 6.29 .319 7.74 3.53, 11.95 .001

LAD �5.77 �8.31, �3.23 <.001 �8.08 �10.62, �5.54 <.001

RAD �7.31 �10.68, �3.94 .000 �10.31 �13.68, �6.94 <.001

LVESD �5.31 �8.25, �2.37 .001 �9.38 �12.32, �6.45 <.001

LVEDD �7.31 �10.74, �3.88 .000 �9.85 �13.28, �6.42 <.001

RVEDD-basal �1.77 �4.66, 1.12 .219 �0.38 �3.28, 2.51 .786

RVEDD-mid �1.08 �3.46, 1.30 .360 2.00 �0.38, 4.38 .096

LVPW 0.15 �0.52, 0.83 .642 �0.46 �1.14, 0.21 .171

IVS �0.15 �0.97, 0.66 .701 �0.15 �0.97, 0.66 .701

LVMIy �41.12 �59.75, �22.49 <.001 �59.75 �78.38, �41.12 <.001

CI, Confidence interval; LVEF, left ventricular ejection fraction; LAD, left atrial diameter; RAD, right atrial diameter; LVESD, left ventricular end-systolic diameter; LVEDD, left

ventricular end-diastolic diameter; RVEDD, right ventricular end-diastolic diameter; LVPW, diastolic left ventricular posterior wall thickness; IVS, diastolic interventricular

septum thickness; LVMI, left ventricular mass index; AVR, aortic valve replacement; MVR, mitral valve replacement; DVR, double valve (aortic and mitral valve) replacement.

*Preoperative data were used as reference in each analysis. yFixed effect estimator. zLVMI ¼ LV mass/BSA; LV mass (g) ¼ 1.04 [(LVEDD þ LVPW þ IVS)3 � LVEDD3] �
13.6.
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triangular leaflet opening. The redesigned sewing cuff using
Reemay (Berry Global, Old Hickory, Tenn) with double ve-
lour Dacron (BRAD, Tempe, Ariz) was used in this valve.
Based on the results of this trial, the current valve is safe
8 JTCVS Open c June 2020
for AVR and MVR because the incidence of valve-related
complications was very low during 1-year follow-up. The
durability will be validated by the long-term follow-up.
The surgical nuances of implanting this valve seemed not
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FIGURE 4. Improvement of NewYork Heart Association functional class

in patients receiving Cingular bovine pericardial valve (Shanghai Cingular

Biotech Corporation, Shanghai, China) implantations during 1-year

follow-up compared with preoperative status.
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significantly different from other available bioprosthetic
valves based on the feedbacks from the surgeons involved
in this trial.

The development of stented tissue valves with improved
hemodynamic performance is an important goal in the field
of cardiac surgery. Cohen and colleagues8 reported the EOA
and mean gradient of 1.9� 0.6 cm2 and 7.1� 3.7 mmHg at
1 year for Carpentier-Edwards Perimount aortic bio-
prosthesis. Similarly, Dalmau and colleagues9 reported
the EOA and mean gradient of 1.9 � 0.4 cm2 and
10.3 � 3.4 mm Hg at 1 year for Carpentier-Edwards Peri-
mount Magna valve. However, the percentage of 19 mm
size was low in these 2 cohorts. Nishioka and colleagues19

reported that the EOAwere 1.3 � 0.2 cm2, 1.3 � 0.2 cm2,
and 1.3 � 0.2 cm2 for 19-mm valve size and
1.5 � 0.3 cm2, 1.6 � 0.2 cm2, and 1.4 � 0.3 cm2 for 21-
mm valve size of Carpentier-Edwards Perimount valve,
Magna and Magna Ease at least 6 months in Japanese
elderly patients, respectively. The Prospective, Nonrandom-
ized, Multicenter Clinical Evaluation of Edwards Pericar-
dial Bioprostheses With a New Tissue Treatment Platform
(COMMENCE) trial showed the EOAs and mean gradients
were 1.1 � 0.2 cm2 and 1.3 � 0.3 cm2, 17.6 � 7.8 mm Hg,
and 12.6 � 4.7 mm Hg for 19-mm and 21-mm sizes of
Carpentier-Edwards Perimount Magna Ease with
Resilia tissue at 1 year, respectively.20

The excellent hemodynamic results of the Cingular
bovine pericardial valve were comparable to the well-
established valves, even better in the small size aortic valves
(19 mm and 21 mm). Generally, the average body size of
Chinese patients is smaller than that of Western patients.
As shown in our data, 19-mm and 21-mm size valves
were very common in our study. Stented tissue valves
have relatively bulky sewing rings and stents that would
decrease the EOA and increase the risk of PPM, particularly
in patients with small aortic roots.21 However, for 19-mm
and 21-mm sizes of the Cingular bovine pericardial aortic
valve, the EOAs at 1 month were 1.7 � 0.2 cm2 and
1.8 � 0.1 cm2, respectively. The corresponding indexed
EOAs were 1.1� 0.2 cm2/m2 and 1.1� 0.1 cm2/m2, respec-
tively. The incidence of PPM in the aortic valve position
was very low (1.3%) for this valve despite that the percent-
age of small size aortic valves was high in our study.
The design of the Cingular bovine pericardial mitral

valve was basically the same as the Cingular bovine peri-
cardial aortic valve. Consistent with those in the aortic
position, the Cingular bioprostheses implanted in the
mitral position also exhibited excellent hemodynamic sta-
tus: at 1 month and 1 year after surgery, the mean trans-
mitral gradients were <5 mm Hg in all subgroups
receiving different sizes of prostheses, which compared
favorably with other products.22 Our data also demon-
strated no signs of structural valve deterioration at
1 year. Given that bioprosthetic durability is typically
lower in the mitral position because of the higher pressure
imposed on the cusps during systole, our trial enrolled
MVR patients to validate the universality of this product
in both positions.23 Nevertheless, longer echocardiogra-
phy follow-ups are warranted to evaluate and compare
prosthetic function, leaflet rigidity and structural integrity
between the 2 positions.
The significant improvement of postoperative heart func-

tion in our patients demonstrated clinical effectiveness of
the study valve. This valve can be used as an alternative
for AVR and MVR, especially for patients with small aortic
roots. Our results may also be used as contemporary bench-
mark for other surgical bioprostheses or transcatheter
valves.

Limitations
This trial was a nonrandomized, single-arm study

without a concurrent control group. Thus, it was susceptible
to selection bias. The current data were the 1-year outcomes
and additional follow-up is required to evaluate long-term
safety and effectiveness. We plan to follow these patients
up to 5 years postoperatively. Moreover, this trial enrolled
both AVR and MVR patients and different surgery may
contaminate outcomes of the study end points.

CONCLUSIONS
The Cingular bovine pericardial valvewas safe and effec-

tive for surgical AVR and MVR. The overall rate of valve-
related complications at 1 year after valve implantations
was very low. Early hemodynamic performance was
JTCVS Open c Volume 2, Number C 9
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A prospective, multi-center, single-arm trial for a bovine pericardial valve

Primary outcomes

Secondary outcomes

N (%)

1 (0.5%)

95% CI

0.1%-3.7% < .001

1 (0.5%) 0.1%-3.7% < .001

P value*

P value*: compared with pre-set point 9.0%.

Valve-related complications1

Valve-related complications2

1: full analysis set; 2: per-protocol set.

• The procedural success rate
   was 100%.

• All-cause mortality was 3.6%.

• No structural valve
  deterioration.

• No endocarditis.

• PPM was only 1.3% in AVR
  patients.

Conclusion

• The Cingular bovine pericardial valve was safe and effective for surgical aortic and mitral valve replacement.
• Early hemodynamic performance was excellent even for the small sizes of aortic bioprostheses.

Enrollment (N = 197)

Withdraw the informed consent (N = 0)

Full analysis set (N = 197)

Per-protocol set (N = 187)

Exclusions (N = 10):
1.Did not meet inclusion criteria (N = 2)
2.Did not complete 1-year follow-up

1)Death (N = 7)
2)Loss to follow-up (N = 1)

FIGURE 5. A prospective, multicenter, single-arm trial for Cingular bovine pericardial valves (Shanghai Cingular Biotech Corporation, Shanghai, China).

This study found that the Cingular bovine pericardial valve was safe and effective for surgical aortic or mitral valve replacement. Early hemodynamic per-

formance was excellent even for the small sizes of aortic bioprostheses. CI, Confidence interval; PPM, patient-prosthesis mismatch; AVR, aortic valve

replacement.
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excellent even for the small sizes of aortic bioprostheses.
Long-term follow-up and a randomized controlled trial
are recommended in the future.
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