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Abstract
Background
Paravalvular leak (PVL) following valve replacement is a serious cardiovascular complication that increases
morbidity and mortality. Valve replacement with the interrupted suture technique using polyester suture
provides adequate tensile strength and reduces the probability of tissue reaction. This study compared the

clinical equivalence of Trubond® (Healthium) and Ethibond® (Ethicon, Johnson & Johnson) braided
polyester sutures for valvular prosthesis fixation using interrupted suturing, with respect to the proportion
of subjects having PVL after aortic valve (AV) or mitral valve (MV) replacement.

Methodology
Patients undergoing AV/MV replacement were enrolled and randomized in this study. The primary endpoint
of this prospective, multicentric, two-arm, randomized (1:1), parallel-group, single-blind study (December
2020-October 2022) was the presence of PVL in Trubond® (n = 40) and Ethibond® (n = 42) groups within 26
weeks of surgery. The secondary endpoints included event rate of all-cause mortality, cardiac death, stroke,
myocardial infarction, re-hospitalization, re-intervention, wound infection, operative time, intraoperative
suture parameters, postoperative hospital stay, time to resume normal activities and work, quality of life,
patient satisfaction, and adverse events in both groups.

Results
Patients who underwent AV/MV replacement and were followed up until 26 weeks had no incidence of PVL
or other postoperative complications. No requirement for readmission or re-intervention was noted in both
groups. Intraoperative suture handling characteristics, operative time, and hospital stay were also
comparable between the groups. With each follow-up, subjects in both groups exhibited improved
postoperative functional abilities, quality of life, and health status.

Conclusions
Trubond® braided polyester suture is clinically equivalent to Ethibond® braided polyester suture. Trubond®
suture is safe and effective for valvular prosthesis fixation in patients undergoing AV or MV replacement.

Categories: Cardiac/Thoracic/Vascular Surgery, Cardiology, General Surgery
Keywords: valvular prosthesis, polyester suture, paravalvular leak, mitral valve, aortic valve

Introduction
One of the increasing causes of cardiovascular morbidity and mortality is valvular heart disease (VHD) [1].
The Global Burden of Disease study involving 195 countries found that 12.6 and 18.1 million people were
affected by the disease of the calcific aortic valve (AV) and degenerative mitral valve (MV), respectively,
between 1990 and 2017 [2]. The prevalence of AV stenotic disease is higher among developed countries,
while rheumatic heart disease is more frequent in developing countries, particularly in the Indian
subcontinent [3]. An Indian study reported more than 90% of cases (<60 years) of VHD that included 29.6%
cases of mitral stenosis and 34.5% cases of combined MV and AV disease [4]. Duration of the valve lesions
and their severity can have a secondary impact on other non-pathological valves. Correcting the
pathological valve may alter the severity of the lesion in multivalvular heart disease [5].
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Treatment of VHD involves repair of the native valve or replacement of the valve with mechanical or
biological prostheses [6] that restore unidirectional blood flow (transvalvular flow) [7]. However, following
valve replacement, serious complications such as paravalvular leak (PVL) may emerge that hampers the
unidirectional flow of blood across the cardiac chambers [8,9]. Approximately 2-5% of PVL cases cause
clinically relevant symptoms of hemolytic anemia, congestive heart failure, or death due to sepsis [8], and
<2% require re-operation [10].

The interrupted suture technique for MV replacement results in a lower incidence of peri-prosthetic leakage
[11]. For AV replacement, the technique has similar effectiveness and allows the implantation of larger
prostheses by providing a larger effective orifice area [12]. Furthermore, the polyester suture is considered
safe and effective because of its inherent elasticity and adequate tensile strength, as well as the ability to
prevent dehiscence, surgical site infection (SSI), and bleeding [13]. Many previous studies have used
polypropylene mattress sutures [14], pledged sutures [12,15], and polyester sutures [12] for valve
replacement surgery. However, the clinical equivalence of two commonly used brands of braided polyester
sutures, Trubond® (Healthium) and Ethibond® (Ethicon, Johnson & Johnson), with respect to the
development of PVL within 26 weeks of valve replacement surgery is not established. Therefore, the present
study compared Trubond® and Ethibond® sutures for interrupted suturing of the valvular prosthesis in
patients undergoing AV or MV replacement.

Materials And Methods
Study design
This prospective, multicentric, randomized, two-arm, parallel-group, single-blind study was conducted
between December 2020 and October 2022. The primary study objective was the assessment of the event rate
of PVL in Trubond® and Ethibond® groups within 26 weeks of index surgery. Secondary objectives included
assessment of major adverse events (all-cause mortality, cardiac death, stroke, myocardial infarction, and
surgical re-intervention), infection, overall intraoperative handling, time taken to resume normal activities
and work, tissue reaction, material problems, adverse events, postoperative discomfort, and overall patient
satisfaction score.

Ethical approval
Ethics committee approval from both trial sites was obtained before initiating trial activity. The trial was
prospectively registered in the Clinical Trial Registry of India (CTRI/2020/04/024608).

Study participants
Adult patients aged ≥18 or <70 years requiring AV or MV prosthesis implantation through open heart surgery
were eligible to participate in the study after providing written informed consent.

Individuals who required multivalve surgery, had implanted pacemakers or implantable cardiac
defibrillators, or had a history of coronary artery bypass graft or any valve surgery, bleeding disorders, or
polyester allergy were excluded. Individuals, with the habit of drug abuse or experimental drug or medical
device administration within 30 days of the study and females who were pregnant or had childbearing
potential with positive urine pregnancy tests were excluded. Participants with mental disorders, learning
disabilities, and language barriers and those who were participating in another surgical study or were
unlikely to comply with surgical procedures or study visits were also excluded.

Study setting
The study was conducted at (i) the Department of Cardio-Thoracic and Vascular Surgery, Sri Sathya Sai
Institute of Higher Medical Sciences, Andhra Pradesh, India, and (ii) the Department of Cardio-Thoracic
Surgery, Sri Jayadeva Institute of Cardiovascular Sciences and Research, Karnataka, India.

Intervention
Trubond® (Healthium Medtech Ltd) and Ethibond® (Ethicon, Johnson & Johnson) are non-absorbable,
braided, sterile, surgical sutures prepared from the fine filaments of polyethylene terephthalate. Both
sutures are indicated for general soft tissue approximation and/or ligation during ophthalmic,
cardiovascular, or neurological procedures.

Study procedure
All study participants underwent midline sternotomy followed by cardiopulmonary bypass. After arresting
the heart with cardioplegia, MV or AV was replaced. Prostheses (mechanical or biological) were secured to
the annulus with an interrupted polyester suture technique. For MV replacement, the pledged polyester
suture was passed through the sewing ring of the valvular prosthesis for fixation. For AV replacement, the
suture was placed into the annulus and through the skirt of the valve. Pledgets were used only if the aortic
annulus was dilated.
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The study examined outcomes over a course of 26 weeks consisting of a screening visit (week 26 to day 1),
baseline visit (day of surgery or day 0), day 3, day 4-15 (day of discharge or DOD), and follow-up visits at
week 6 post-DOD, week 12 post-DOD, and week 24 post-DOD.

Baseline characteristics
Baseline demographics (age, gender, ethnicity, weight, height, body mass index, family history of
cardiovascular disease, reason for AV/MV replacement, alcohol and smoking history, and American Society
of Anesthesiologists (ASA) classification), vital signs (pulse rate and systolic and diastolic blood pressure),
functional capacity/ability (total distance walked in six minutes and New York Heart Association (NYHA)
classification), medical/surgical history, physical examination for any serious problem, the reason for valve
replacement, and echocardiographic characteristics (ejection fraction, mean transvalvular gradient, grading
severity of regurgitation, and presence of PVL) were assessed. Valve replacement surgery was indicated
based on the diagnosis of symptomatic valvular stenosis or regurgitation. The patient’s preoperative
echocardiographic findings were used to corroborate the diagnosis.

Study outcomes
Primary Endpoint

The primary endpoint was the proportion of patients having PVL within 26 weeks of index surgery.

Secondary Endpoints

Event rate of postoperative complications, viz. all-cause mortality, cardiac death, stroke, myocardial
infarction, superficial/deep incisional SSI, re-hospitalization, and re-intervention, was recorded on days 0,
3, and DOD, and on weeks 6, 12, and 24 post-DOD. Intraoperative suture parameters, viz. ease of passage
through tissue, first-throw knot holding, knot security, knot tie-down smoothness, stretch capacity,
memory, suture fraying, and tissue drag, were assessed as 1 (poor), 2 (fair), 3 (good), 4 (very good), and 5
(excellent). Intraoperative antibiotic prophylaxis, thrombosis prophylaxis, size of sutures, number of sutures
used, blood transfusions, operative time, cardiopulmonary bypass time, and aortic cross-clamp time were
also recorded. Postoperative echocardiographic characteristics (ejection fraction, mean transvalvular
gradient, grading severity of regurgitation, and presence of PVL on DOD and week 24 post-DOD), length of
postoperative intensive care unit (ICU)/hospital stay, duration of the drain, functional capacity, and time to
resume normal activities and work were noted.

In addition, quality of life (QoL) was evaluated based on the EuroQoL five-dimensional (mobility, self-care,
usual activities, pain/discomfort, and anxiety/depression) three-level (no problems, some problems, and
extreme problems) questionnaire or the EQ-5D-3L. A global assessment of the patient’s health was assessed
based on values ranging between 0 (worst imaginable health) and 100 (best imaginable health) on the
EuroQoL-Visual Analog Scale (EQ-VAS). Both QoL and the patient’s health were recorded at screening, DOD,
and weeks 6, 12, and 24 post-DOD.

In addition to the study endpoints, the occurrence of any untoward medical or clinical sign, disease, or
injury during the study period was recorded as an adverse event. The concomitant or prescribed medication
details were also captured.

Sample size
In 1978, Beddermann et al. reported a 5% cumulative proportion of PVL for both AV and MV, positioned
with interrupted sutures [16]. The findings were considered for sample size calculation of the Ethibond®
arm. In the Trubond® arm, the cumulative proportion of the PVL was assumed to be 5.5%. A sample size of
74 (37 in each group) was calculated, with 5% type I error, 80% power, and 15% margin of non-inferiority.
Adding 20% post-randomization exclusion/drop-out, the final sample size was 88 (n = 44 in each arm).

Randomization and blinding
Randomization numbers were generated in a 1:1 ratio using freely available software. The numbers were
concealed using the sequentially numbered opaque sealed envelope technique. The patients were unaware of
the allocation status, but the operating staff was not blinded.

Statistical analysis
Per-protocol or PP analysis set was used to present the patient’s complete data on the primary effectiveness
parameter at 26 weeks follow-up, having no major protocol deviations. The chi-square test was used to
compare qualitative data in the form of proportions or percentages. Both parametric and non-parametric
continuous data were expressed as mean ± SD. According to the distribution of the data, the t-test or Mann-
Whitney U test was used. For both qualitative and continuous variables, p < 0.05 was regarded as statistically
significant. Primary data were compared using the chi-square test, and secondary endpoints were compared
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depending on the quantitative or qualitative nature of the variables. For analyzing the data, SPSS software
version 28.0 (IBM Corp., Armonk, NY, USA) was used.

Results
A total of 88 participants were screened for eligibility between December 2020 and March 2022; one
participant withdrew consent after the screening. Due to post-randomization failure, post-randomization
identification of exclusion criteria, and loss to follow-up, a total of five participants were excluded (Figure
1).

FIGURE 1: CONSORT flow chart of the study profile.

Finally, the PP analysis set consisted of 82 participants randomized to the Trubond® (n = 40) and Ethibond®
(n = 42) groups who completed the trial.

Baseline characteristics
Baseline demographics, vital signs, ASA grade, and medical/surgical history were comparable between the
groups (Table 1).
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Subject characteristics Trubond® (n = 40) Ethibond® (n = 42) P-value

Demographics, mean ± SD

Age (years) 45.1 ± 9.6 41.8 ± 9.8 0.14

Weight (kg) 58.0 ± 10.9 55.1 ± 10. 7 0.22

Height (cm) 160.3 ± 8.8 157.9 ± 10.8 0.29

BMI (kg/m2) 22.7 ± 4.3 22.2 ± 4.3 0.62

Vital signs, mean ± SD

Pulse rate (beats per minute) 82.1 ± 9.0 83.0 ± 11.1 0.69

Systolic blood pressure (mmHg) 115.7 ± 11.8 116.4 ± 12.2 0.79

Diastolic blood pressure (mmHg) 72.6 ± 8.7 75.2 ± 10.0 0.22

ASA grading, n (%)

ASA I 16 (40.0) 21 (50.0)

0.65ASA II 4 (10.0) 4 (9.5)

ASA III 20 (50.0) 17 (40.5)

Medical/surgical history, n (%) 30 (75.0) 29 (69.1) 0.77

Reason for AV replacement, n (%)

Severe stenosis 2 (18.2) 1 (10.0)

0.57

Moderate stenosis 0 1 (10.0)

Severe regurgitation 2 (18.2) 2 (20.0)

Severe stenosis + mild regurgitation 4 (36.4) 5 (50.0)

Severe stenosis + moderate regurgitation 2 (18.2) 0

Moderate stenosis + severe regurgitation 1 (9.1) 0

Mild stenosis + moderate regurgitation 0 1 (10.0)

Reason for MV replacement, n (%)

Severe stenosis 6 (20.7) 9 (28.1)

0.75

Severe regurgitation 1 (3.5) 1 (3.1)

Severe stenosis + mild regurgitation 9 (31.0) 5 (15.6)

Severe stenosis + moderate regurgitation 8 (27.6) 10 (31.3)

Severe stenosis + severe regurgitation 1 (3.5) 1 (3.1)

Moderate stenosis + severe regurgitation 3 (10.3) 1 (3.1)

Moderate stenosis + moderate regurgitation 1 (3.5) 1 (3.1)

Mild stenosis + severe regurgitation 0 3 (9.4)

Mild stenosis + moderate regurgitation 0 1 (3.1)

TABLE 1: Baseline characteristics of the study participants.
AV: aortic valve; ASA: American Society of Anesthesiologists; BMI: body mass index; MV: mitral valve; SD: standard deviation

In the Trubond® group, 45.0% and in the Ethibond® group, 47.6% of subjects were males (p = 0.83). In the
Trubond® and Ethibond® groups, 95.0% and 97.6% of subjects, respectively, were Indians; the rest were
non-Indian Asians (p = 0.61). Both groups were comparable in terms of alcoholism (p = 0.35) and smoking
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history (p = 0.054). Physical examination revealed abnormal cardiovascular system (p = 1.00) in all subjects
of both groups and pedal edema (p = 0.96) in one subject of each group. None of the subjects who
participated in the study had a family history of cardiovascular disease. Before surgery, transthoracic
echocardiography was performed in both groups (p = 1.00). Reasons for valve replacement are provided in
Table 1. Severe stenosis along with mild regurgitation was the reason for AV replacement in the majority of
subjects in both Trubond® (36.4%) and Ethibond® (50.0%) groups. The frequent reasons for MV replacement
were severe stenosis along with mild regurgitation (31.0%), followed by severe stenosis and moderate
regurgitation (27.6%) in the Trubond® group, and severe stenosis along with moderate regurgitation (31.3%)
and severe stenosis alone (28.1%) in the Ethibond® group. The preoperative functional capacity/ability was
comparable between the groups (Figure 2).

FIGURE 2: Comparison of (a) functional ability (NYHA classification) and
(b) functional capacity (mean distance walked in six minutes) between
the Trubond® (n = 40) and Ethibond® (n = 42) groups.
DOD: day of discharge; NYHA: New York Heart Association

Primary endpoint analysis
The study participants were evaluated for PVL at all postoperative follow-ups. There was no incidence of
PVL of mild, moderate, or severe grade among the participants of both groups.

Secondary endpoint analysis
Antibiotic prophylaxis was used in all subjects. AV and MV replacement was performed in 11 (27.5%) and 29

2023 Desai et al. Cureus 15(6): e41117. DOI 10.7759/cureus.41117 6 of 14

javascript:void(0)
javascript:void(0)
https://assets.cureus.com/uploads/figure/file/656377/lightbox_da17eae00de011eeb2bb89e0e258e05e-Figure-2.png


(72.5%) subjects of the Trubond® group, respectively, and 10 (23.8%) and 32 (76.2%) subjects of the
Ethibond® group, respectively (p = 0.70). In the Trubond® and Ethibond® groups, mechanical bileaflet (35.0
vs. 38.1%), mechanical tilting disc (55.0 vs. 57.1%), bovine bioprosthesis (2.5 vs. 0%), and porcine
bioprosthesis (7.5 vs. 4.8%) valves were used (p = 0.96). Size No. 2 Trubond® or Ethibond® braided polyester
suture was applied. The results of intraoperative handling characteristics (ease of passage, knot holding,
knot security, knot tie-down, stretch capacity, memory, suture fraying, and tissue drag) of both sutures were
comparable (Figure 3).

FIGURE 3: Intraoperative suture handling characteristics of the
Trubond® (n = 40) and Ethibond® (n = 42) groups.

None of the suture characteristics scored poor, and no suture-related challenges were recorded. However,
the number of sutures used showed a significant difference (p = 0.003) between the groups, which is
subjective to annulus size (Table 2).
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Subject profile Trubond® (n = 40) Ethibond® (n = 42) P-value

Intraoperative, mean ± SD

Number of sutures used 17.8 ± 3.5 15.6 ± 3.0 0.003*

Number of blood transfusions 0.4 ± 0.6 0.5 ± 1.0 0.64

Total operative time (hours) 3.7 ± 2.4 3.3 ± 1.5 0.41

Cardiopulmonary bypass time (minutes) 133.1 ± 33.8 137.1 ± 29.4 0.56

Aortic cross-clamp time (minutes) 103.0 ± 31.9 111.1 ± 32.4 0.26

Postoperative, mean ± SD

Duration of drain (days) 2.8 ± 2.0 3.9 ± 4.5 0.17

ICU stay duration (days) 4.5 ± 1.6 4.9 ± 1.9 0.33

Hospital stay duration (days) 7.3 ± 3.8 7.5 ± 4.1 0.80

Time to return to normal day-to-day activities (days) 15.7 ± 6.9 16.2 ± 6.8 0.71

Time to return to work (days) 24.8 ± 7.8 27.5 ± 7.2 0.10

EQ-5D, mean ± SD

Time to achieve no pain/discomfort (days) 106.1 ± 57.4 (n = 35) 88.7 ± 58.7 (n=35) 0.22

Time to achieve no anxiety/depression (days) 36.9 ± 47.5 (n = 32) 34.7 ± 5.7 (n = 37) 0.85

TABLE 2: Intraoperative and postoperative profile of the study participants.
DOD: day of discharge; EQ-5D: EuroQoL five-dimensional questionnaire; ICU: intensive care unit; SD: Standard deviation; *: p < 0.05

Comparable numbers of pledget reinforcement were applied in the Trubond® (77.5%) and Ethibond®
(90.5%) groups (p = 0.13). Thrombosis prophylaxis (acenocoumarol, 52.5 vs. 50.0%; clexane, 0 vs. 2.4%;
heparin, 47.5 vs. 47.6%) was used in both the Trubond® and Ethibond® groups (p = 0.59). The other
intraoperative characteristics are presented in Table 2. Good outcomes of surgery along with no peri-
operative complications were noted in both groups (p = 1.00).

Pre and postoperative NYHA classifications are shown in Figure 2a. Starting from DOD, the number of
subjects with NYHA I grade increased in both groups. Likewise, increasing mean functional capacities,
recorded by a six-minute walk test (Figure 2b) were found in both groups. Surgical re-intervention, repeated
procedure, and re-admission to the hospital were not required in any subject. During follow-up, no
postoperative complications in terms of all-cause mortality, cardiac death, stroke, myocardial infarction, or
superficial/deep incisional SSI were recorded. Drains were removed after the surgery depending on the
output; the mean duration of the drain was comparable between the groups (Table 2). The other
postoperative details are provided in Table 2.

Echocardiographic findings indicated little improvement in ejection fraction 26 weeks postoperatively. Pre
and postoperative (DOD and week 24 post-DOD) echocardiographic (transthoracic) characteristics are
summarized in Table 3.
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Echocardiographic characteristics
αTrubond® (n =

40)

αEthibond® (n

= 42)

αP-

value

βTrubond®

(n=40)

βEthibond®

(n=42)

βP-

value

γTrubond®

(n=40)

γEthibond®

(n=42)

γP-

value

Ejection fraction (%), mean ± SD 55.9 ± 6.2 56.4 ± 8.8 0.80 56.7 ± 5.0 54.5 ± 5.8 0.07 57.6 ± 4.2 57.7 ± 3.9 0.95

AV mean transvalvular gradient (mmHg),

mean ± SD

50. 6 ± 25.4 (n =

9)#

47.8 ± 37.8

(n=10)
0.86

15.4 ± 5.0 (n =

11)

11.5 ± 4.4 (n =

10)
0.08

14.6 ± 4.0 (n =

11)

12.6 ± 5.8 (n =

10)
0.38

MV mean transvalvular gradient (mmHg),

mean ± SD

12.7 ± 5.8 (n =

29)

12.0 ± 4.0 (n =

31)#
0.56

3.9 ± 1.5 (n =

29)

3.7 ± 1.4 (n =

31)#
0.63

4.5 ± 1.3 (n =

26)#

4.0 ± 1.1 (n =

31)#
0.13

PVL, n (%) 0 0 - 0 0 - 0 0 -

TABLE 3: Preoperative and postoperative echocardiographic characteristics of the study
participants.
AV: aortic valve; MV: mitral valve; PVL: paravalvular leak; SD: standard deviation; α: preoperative; β: day of discharge; γ: week 24 post-day of discharge;
#: missing data

Mild mitral valvular regurgitation on DOD was seen in only one (2.4%) subject in the Ethibond® group (p =
0.99). However, at the last follow-up, mild aortic valvular regurgitation was recorded in one (2.5%) subject in
the Trubond® and two (4.8%) subjects in the Ethibond® group, while two (4.8%) mild mitral valvular
regurgitation was noted in the Ethibond® group (p = 0.18).

At screening, the number of subjects with no problems (level 1), some problems (level 2), and extreme
problems (level 3) for the five dimensions of the EQ-5D were comparable between the groups. An increasing
number of subjects with no problems in mobility, self-care, usual activities, pain/discomfort, and
anxiety/depression was recorded with each follow-up (Figure 4).
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FIGURE 4: EQ-5D responses in the Trubond® (n = 40) and Ethibond® (n
= 42) groups.
EQ-5D: EuroQoL five-dimensional questionnaire; DOD: day of discharge; *: p < 0.05

However, significant differences (p < 0.05) regarding anxiety/depression on DOD (Figure 4e) and
pain/discomfort at week six post-DOD (Figure 4d) were noted between the Trubond® and Ethibond® groups.
Nevertheless, before the last follow-up, no pain/discomfort and anxiety/depression were achieved by 35
(87.5%) vs. 32 (76.2%) (p = 0.38) and 35 (87.5%) vs. 37 (88.1%) subjects, respectively, in the Trubond® vs.
Ethibond® group. The mean duration at which they had no pain/discomfort and anxiety/depression was
comparable between the groups (Table 2). Moreover, the mean values of the EQ-VAS score were 64.6 ± 10.8
and 64.1 ± 11.5 during screening in the Trubond® and Ethibond® groups, respectively, which gradually
increased with each follow-up, and were 79.0 ± 5.00 and 77.7 ± 5.2, respectively at the last visit (Figure 5).
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FIGURE 5: Global assessment of health by the EQ-VAS score in the
Trubond® (n = 40) and Ethibond® (n = 42) groups.
DOD: day of discharge; EQ-VAS: EuroQoL-Visual Analog Scale

The non-serious adverse events recorded during the study period were cough (5.0%), general body pain and
wound itching (2.5%), tiredness (2.5%), back pain and cough (2.5%), incision site pain (5.0%), and gastritis
(2.5%) in the Trubond® group, whereas incision site pain (4.8%), gastritis (2.4%), general body pain and
tiredness (2.4%), and general body pain (2.4%) in the Ethibond® group. The adverse events were mild in
severity and not related to the study device. During the study, analgesics, antibiotics, and gastrointestinal
medications were prescribed to the subjects, and the details of some of them are presented in Table 4.

Prescribed medications Trubond® (n = 40) Ethibond® (n = 42)

Analgesics, n (%)

Paracetamol 28 (70.0) 32 (76.2)

Aceclofenac 6 (15.0) 3 (7.1)

Diclofenac 4 (10.0) 1 (2.4)

Antibiotics, n (%)

Ceftriaxone 14 (35.0) 18 (42.9)

Cefuroxime 11 (27.5) 10 (23.8)

Gentamicin 12 (30.0) 15 (35.7)

Cefachlor 8 (20.0) 12 (28.6)

Gastrointestinal, n (%)

Pantoprazole 24 (60.0) 25 (59.5)

Ranitidine 6 (15.0) 6 (14.3)

TABLE 4: Concomitant or prescribed medications administered to the study participants.

Discussion
VHD is becoming common in the younger population of India, as more than 90% of the patients reported to
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have VHD were below 60 years of age. Combined MV and AV disease was observed in 34.5% of cases. The
authors also observed that the disease of isolated MV was the most common (48.7%), while the involvement
of AV constituted 16.2% [4]. In this study, the majority of subjects in the Trubond® group, who underwent
AV or MV replacement, had severe stenosis combined with mild regurgitation. In the Ethibond® group, the
common reason for AV replacement was severe aortic stenosis with mild aortic regurgitation, and for MV
replacement, severe stenosis and moderate regurgitation, followed by only severe stenosis. Similar to a
previously reported Indian study [4], MV was replaced in the majority of subjects in both suture groups of
our study. To reduce the symptoms of valvular lesions and VHD-related complications and to prolong the
patient’s survival, a surgical valve prosthesis is applied [17]. Successful valve replacement surgery is often
reported to be associated with poor long-term prognosis, as 60.6% chances of survival with AV replacement
(after 15 years) and 43.0% survival rates with MV replacement (after 20 years) have been recorded [1].
Incidence of PVL is a potentially serious complication that occurred in 2-10% and 7-17% of patients after AV
and MV replacement, respectively [18]. Another study found 7.3% PVL after MV replacement surgery [19].
The PVL is a channel that is formed between the anatomical annulus and the prosthetic valve and directs the
blood flow toward both the anterior and posterior direction [9], altering the cardiovascular hemodynamics.
However, in this study, no incidence of PVL was observed in both suture groups at 26 weeks of index
surgery.

Many risk factors are associated with the development of PVL, including annular calcification, tissue
fragility, previous endocarditis, ongoing corticosteroid treatment along with the type of prosthesis used, and
the surgical technique [20]. The type of prostheses is generally selected depending on the patient’s age,
previous indication for anticoagulation use, as well as the preference of the patient and the surgeon [6]. A
mechanical prosthesis is usually used in patients aged below 60 years and requires the use of lifelong
anticoagulation, which can be eliminated with the use of bioprosthetics, but the risk of early infection and
re-operation due to structural valve deterioration exists [6,21]. Mechanical valves are comparatively durable
and calcification-resistant [21]. In our study, both mechanical and bioprosthesis valves were used, but
mechanical tilting disc valves were used in the majority of subjects, followed by mechanical bileaflet valves.
The use of pledgets is also expected to prevent PVL [12], and the application of pledget reinforcement in
most subjects of the present study can be linked with no recorded incidence of PVL. The effectiveness of the
interrupted suture technique for valve fixation is already established [11,12]. The use of the Trubond® or
Ethibond® braided polyester suture in an interrupted manner for valvular prostheses fixation can be another
reason for no PVL in the subjects of this study. The results relative to intraoperative handling characteristics
of both sutures were similar and satisfactory. Non-suture-related adverse events of non-serious types
further indicated the efficiency of both sutures and the surgery.

Generally, PVL is identified within the first year of valve replacement, and larger leakage may cause heart
failure in 90% of patients [9]. A previous study reported 2% myocardial infarction and stroke after MV
replacement [15]. Another study on MV replacement recorded 6.7% overall mortality due to infection
(36.4%), cardiogenic shock (18.2%), and stroke (18.2%) [19]. According to data obtained from the Japanese
multicenter registry, the incidence of cardiac and non-cardiac (due to infection) deaths was 26.6% and
22.5%, respectively [22]. A Sub-Saharan study from a low-middle-income region reported one-year survival
for the entire cohort of 117 patients as 88.8 ± 2.1% [23]. Contrary to these findings, our study recorded no
incidents of all-cause mortality, cardiac death, myocardial infarction, stroke, and superficial and deep
incisional SSI at all follow-ups.

Low ventricular ejection fraction indicates left ventricle functional abnormality [24]. According to the
American College of Cardiology, left ventricular systolic function is classified depending on ejection fraction
as severe dysfunction (<30%), moderate dysfunction (30-39%), mild dysfunction (40-49%), normal (50-70%),
and hyperdynamic (>70%) [25]. The recorded ejection fraction was 55.9 ± 6.2% and 56.4 ± 8.8% in the
Trubond® and Ethibond® groups, respectively, at baseline which increased to 57.6 ± 4.2% and 57.7 ± 3.9%,
respectively, after 26 weeks of surgery, suggesting normal left ventricular function and favorable outcome of
valve replacement. The British Society of Echocardiography practical guidelines considered patients with a
mean aortic gradient of 35-40 mmHg to have moderate-to-severe stenosis, and ≥40 mmHg as severe
stenosis [26]. The current findings related to the mean aortic gradient indicated severe stenosis in subjects
of both groups. However, after six months of AV replacement, the mean gradient had reduced. A previous
study reported a similar reduction in mean AV gradient to 12.0 ± 11.9 and 16.8 ± 11.1 mmHg after 45 months
of AV repair in patients who had preoperative peak aortic gradient of <20 and ≥20 mmHg, respectively [27].
In patients with rheumatic mitral stenosis, the mean transvalvular gradient was reported to be 7 mmHg in
mild-to-moderate mitral stenosis and 14 mmHg in severe mitral stenosis, which was reduced to 4 and 6
mmHg, respectively, post-valvuloplasty [28]. At the final follow-up, the mean mitral transvalvular gradient of
our study also decreased to ~4 mmHg in both groups. The results indicated successful valve replacement,
resulting in unidirectional blood flow and diminished pressure across the chambers. The global incidence of
mitral regurgitation is around 24.2 million which increased by 70% between 1990 and 2017, especially in
developing nations; however, the prevalence of aortic regurgitation is highest in developed countries and is
age-dependent [3]. Regurgitation increases the pressure of both left chambers and deteriorates the NYHA
class [9]. In this study, both aortic and mitral regurgitations were present before surgery that improved with
respective valve replacement, and only regurgitations of mild grade were noted in both groups at the end of
the study. In addition, the regurgitations did not impact the NYHA class, as by the end of week 26, more than
70% of patients were classified as NYHA I, indicating improvement in functional ability. Moreover, the six-
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minute walk test, which is a well-tolerated and effective test to measure the functional capacity of patients
[29], was also improved from the screening visit to week 24 post-DOD.

A recent retrospective cohort study on MV surgery reported re-hospitalization within one year of surgery in
more than half (58.5%) of the patients [30]. On the contrary, in the present study, readmission was not
recorded at any time point, and the lengths of ICU, as well as hospital stay, were comparable between the
groups. Overall, the patients’ physiological and mental health and social functioning improved after the
index surgery, as indicated by time to return to normal day-to-day activity and work, the five dimensions of
EQ-5D, and the EQ-VAS score.

The study limitation was that the participants were blinded to the suture material used, but not the
practitioner/s and the staff. Therefore, potential bias might have occurred in the assessment of the
intraoperative suture handling characteristics. However, the comprehensive design and analysis of this
study are its strengths, which authenticate the clinical use of the Trubond® suture in a wider range of
populations. Moreover, the comparable results of both sutures propose the use of the Trubond® braided
polyester suture for fixation of the valvular prosthesis along with all other surgeries indicated for the
Ethibond® braided polyester suture.

Conclusions
Valvular prosthesis fixation using the Trubond® or Ethibond® braided polyester suture resulted in no
occurrence of PVL, which is a serious complication of valve replacement. The primary and secondary
outcomes of this study demonstrated the clinical equivalence of the Trubond® and Ethibond® sutures.
Therefore, in patients requiring AV or MV replacement, the Trubond® braided polyester suture can be used
safely for the fixation of the valvular prosthesis.
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