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Abstract
Introduction Double valve replacement (DVR) with a mechanical prosthesis is associated with a higher risk of mortality. We
planned to study the survival rate, early and late mortality and major adverse cardiac and cerebrovascular events (MACCE) in
patients undergoing DVR for rheumatic heart disease, with various generations of prosthetic valves ranging from ball in cage to
bileaflet prosthesis and tilting disc valves.
Materials andmethodology We followed up 277 patients with rheumatic heart disease who underwent DVR betweenAugust 1999
and November 2009, retrospectively, at Sree Chitra Tirunal Institute for Medical Sciences and Technology, Thiruvananthapuram.
Two hundred and fifty-nine patients were followed up for a minimum period of 10 years, and the follow-up period varied between
10 and 20 years. Eighteen patients were lost to follow-up after the surgery and could not be contacted. Their data was included till the
time they appeared for follow-up last, for survival analysis. Survival analysis was carried out using the life table method to calculate
the freedom from reoperation, survival rates and freedom from MACCE at 1 year, 5 years and 10 years post-DVR.
Results The median duration of hospital stay was 8 days. The number of patients with stroke was 11 (4.26%), 21 (8.7%) and 29
(12%) at the end of 1 year, 5 years, and 10 years, respectively. A total of 5 (2%) patients underwent reoperation by the end of
10 years. Seven patients died either in hospital or in the first 30 days following operation, making the early mortality 2.5%. At the
end of 1 year, a total of 16 patients (5.8%) died. The mortality at the end of 5 years was 6.8% (19 patients), and at the end of
10 years, it was 7.2% (20 patients). The survival rate of the study populationwas 94.9%, 93.02% and 93.02% at the completion of
1 year, 5 years and 10 years, respectively. The freedom fromMACCEwas 93.8%, 88.6% and 85% at 1 year, 5 years and 10 years,
respectively. The freedom from re-operation was 98% at 10 years. Kaplan-Meier analysis showed an overall survival time of
226.3 months in the entire study population. The mean survival time in males was 227.5 months and in females was
206.3 months, with no statistically significant difference between the two. Univariate logistic regression analysis revealed an
association with mortality when DVR was combined with concomitant tricuspid valve repair procedures, with an odds ratio of
4.5 (p value 0.005). Multivariate logistic regression analysis also showed an association with mortality when tricuspid valve
procedures were combined with DVR with an odds ratio of 5.25 (p value 0.003).
Conclusion The operative mortality and morbidity for DVR have been significantly reduced with advancements in operative
techniques, myocardial preservation and postoperative care. Patients can have an improved functional status following surgery,
with good rates of freedom from re-operation and MACCE.
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rates

Background

Valvular heart disease of rheumatic origin plagues developing
nations, and multiple-valve involvement is not uncommon
when the patients are symptomatic and lesions, severe. We
studied the outcome and survival rate following double-
valve replacement (DVR) in patients with rheumatic heart
disease (RHD), in a large tertiary centre in south India.
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Introduction

RHD accounts for majority of the cases with valvular heart
disease (VHD) in patients belonging to developing nations.
Most of these patients present for intervention when the dis-
ease progression makes them symptomatic and also when
there is multiple valvular valve involvement.

DVR with a mechanical prosthesis is associated with a
higher risk of mortality. The data based on which this risk
has been assigned was initially derived from studies per-
formed in the 1980s when older-generation mechanical pros-
theses, like the Bjork-Shiley mechanical heart valve (Shiley
Corp, Irvine, CA) and the Medtronic Hall valve (Medtronic,
Inc., Minneapolis, MN), were in use and the highmortality for
DVR persisted in subsequent studies with the newer-
generation valves as well [1–3]. The late complications seen
post valve replacement surgery are usually multifactorial in
aetiology and depend on factors like the patient’s functional
status, rhythm, prosthetic valve type and anticoagulation. We
planned to study the survival rate, early and late mortality and
major adverse cardiac and cerebrovascular events (MACCE)
in patients undergoing DVR with various generations of pros-
thetic valves, ranging from ball-in-cage to bileaflet prostheses
and tilting disc valves and the factors affecting the above
parameters.

Materials and methodology

The aim of the study was to find out the long-term survival
rates and the incidence of MACCE after DVR in patients with
RHD. We followed up 277 patients who underwent DVR
between August 1999 and November 2009 retrospectively,
at Sree Chitra Tirunal Institute for Medical Sciences and
Technology, Thiruvananthapuram. Data was collected from
hospital records and via telephonic interviews. All patients
with RHD who underwent DVR during the mentioned time
period were included in the study. Patients with VHD of other
aetiologies were excluded. Patients who underwent coronary
artery bypass grafting (CABG) along with DVR and those
who underwent valve replacement surgery prior to the study
period and came for a redo surgery of the valve were exclud-
ed. Two hundred and fifty-nine patients were followed up for
a minimum period of 10 years, and the follow-up period var-
ied between 10 and 20 years. Eighteen patients were lost to
follow-up after the surgery and could not be contacted. Their
data was included for survival analysis till the time they ap-
peared for follow-up last.

Operative procedure

All patients were operated on through amidline sternotomy. A
roller pump with crystalloid prime was used, and aorto-

bicaval bypass was instituted for all the patients. Antegrade
cardioplegia was administered through the aortic root, and
ostial cardioplegia was chosen in patients with aortic regurgi-
tation. Standard techniques were used and the valves were
replaced using interrupted sutures. Moderate hypothermia
(28 to 32 °C) was used, and cold-blood cardioplegia with St
Thomas II solution was employed for arresting the heart in all
the cases.

Statistical methods Descriptive analysis was carried out by
mean and standard deviation for quantitative variables, and
frequency and proportion for categorical variables. Data was
also represented using appropriate figures like bar diagrams,
pie charts and box plots.

The association between categorical explanatory variables
and quantitative outcome was assessed by comparing the
mean values. The mean differences along with their 95% con-
fidence interval (CI) were calculated. The mean survival time
in the entire study group was computed, and the difference in
the mean survival between males and females was compared
using the log rank test (Mantel-Cox).

P value < 0.05 was considered statistically significant.
Survival analysis was carried out using the life table method,
and Kaplan-Meier curves were used to calculate the freedom
from reoperation, survival rates and freedom MACCE at the
end of 1 year, 5 years and, 10 years. IBMSPSS version 22was
used for statistical analysis. The institutional technical adviso-
ry committee and institutional ethics committee clearances
were obtained before commencing the study.

Results

A total of 277 patients with VHD of rheumatic aetiology who
underwent DVR between 1999 and 2009were included in this
study.

Demographic parameters The mean age of the patients who
were part of the study was 37 years. The oldest patient was
62 years old and the youngest was 10 years old. A hundred
and fifty-five of the patients were male (55.9%) and 122 were
female (44.1%) (Table 1, patient characteristics).

Preoperative status A hundred and fifty-two patients (54.8%)
had New York Heart Association (NYHA) functional class II
symptoms, 118 patients (42.6%) had class III symptoms and 7
patients (2.5%) belonged to NYHA class IV category. The
number of patients with VHD who were in atrial fibrillation
preoperatively was 98 (35%) (Table 1, patient characteristics).

Majority of the patients did not have any co-morbid illness
(88.4%). Twelve patients had history of cerebrovascular acci-
dents, six patients had diabetes mellitus, two patients had hy-
pertension, three patients had chronic kidney disease, and two
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patients had a prior history of hepatitis B virus infection.
Closedmitral valvotomy (CMV)was performed in 28 patients
(10.11%), and balloon mitral valvotomy (BMV) was done in
15 patients (5.42%).

Preoperative ejection fraction Preoperative ejection fraction
(EF) varied from 35 to 89%, with two patients having moder-
ate left ventricular dysfunction and 18 patients having mild
left ventricular dysfunction. Two hundred and fifty-five pa-
tients (92%) had good left ventricular systolic function
(Table 1, patient characteristics).

Valve lesions Mitral stenosis was present in 88.4% of the pa-
tients, with 94 (33.9%) of them having moderate stenosis of
the mitral valve and 151 (54.5%) having severe stenosis.
Mitral regurgitation was significant on echocardiography in
only 54.5% of the patients. Severe mitral regurgitation was
seen in 67 patients (24.2%), and moderate mitral regurgitation
was present in 84 patients (30.3%), making stenosis the com-
moner lesion when the mitral valve was involved.

Severe aortic stenosis was present preoperatively in 104
patients (37.55%), and moderate stenosis of the aortic valve
was seen in 112 patients (40.43%). Aortic regurgitation was

severe in 78 patients (28.2%) and moderate in 136 patients
(49.1%).

Right ventricular function was normal in 275 patients
(99%), whereas 2 patients had mild right ventricular
dysfunction.

Prosthesis type and sizeThe sizes of the aortic prostheses used
ranged from 17 to 29, with a majority of patients receiving a
prosthesis of size 21 or 23. A hundred and one patients
(36.46%) had a prosthetic aortic valve of size 21, and sixty-
eight patients (24.55%) had a prosthesis of size 23 implanted
in the aortic position.

The most commonly used aortic valve prosthesis was
Chitra heart valve prosthesis (TTK CHVP, TTK Healthcare
Limited, Chennai, Tamil Nadu), with 204 patients (73.65%)
having received them. Medtronic Hall valve (Medtronic, Inc.,
Minneapolis, MN) prosthesis was implanted in 37 patients, St.
Jude Medical® Mechanical Heart Valve (SJM, St. Jude
Medical Inc., Minneapolis, MN) prosthesis in 32 patients
and Starr–Edwards valve (Edwards Lifesciences, Irvine, CA)
prosthesis and bioprosthetic valve in 2 patients each.

The sizes of the mitral valve prostheses implanted ranged
from 23 to 32. Two patients (0.72%) were implanted with the
smaller size 23 prosthesis. Eighteen patients (6.5%) were im-
planted with size 25 prosthesis; fifty-one patients (18.41%),
size 27; 73 patients (26.35%), size 28; 46 patients (16.61%),
size 29; and 51 patients (18.41%), size 30. The larger prosthe-
ses were implanted in 6 patients (2.17%), size 31, and, 23
patients (8.3%), size 32.

One hundred and forty-seven patients (53.07%) received
Starr–Edwards valve (Edwards Lifesciences, Irvine, CA)
prosthesis whereas 72 (25.99%) patients received Chitra heart
valve prosthesis (TTK CHVP, TTK Healthcare Limited,
Chennai, Tamil Nadu). Forty-five patients (16.2%) received
St. Jude Medical® Mechanical Heart Valve (SJM, St. Jude
Medical Inc., Minneapolis, MN) prosthesis, 11 patients
(3.97%) received Medtronic Hall (Medtronic, Inc.,
Minneapolis, MN) valves, and 2 patients received
bioprosthetic valves.

Concomitant procedures

Tricuspid valve repair

Twenty-eight patients underwent tricuspid valve repair along
with DVR. Devega’s procedure was the most common tech-
nique of repair and was used in 15 patients (5.42%), bi-
cuspidisation of the trileaflet was employed in 7 patients
(2.53%), commissurotomy was performed in 5 patients
(1.81%), and Kays annuloplasty was performed in 1 patient
(0.36%).

Table 1 Patient characteristics

Age (years) 37.02 ± 10.76

Gender

Male 155 (55.96%)

Female 122 (44.04%)

Rhythm

Sinus 179 (64.62%)

Atrial fibrillation 98 (35.38%)

Functional class

Class 2 152 (54.87%)

Class 3 118 (42.60%)

Class 4 7 (2.53%)

Comorbidities

Diabetes mellitus 6 (2.3%)

Hypertension 2 (0.8%)

Hepatitis B 2 (0.8%)

Chronic kidney disease 3 (1.2%)

Cerebrovascular accident 12 (4.3%)

No comorbidities 245 (88.4%)

BMV 15 (5.42%)

CMV 28 (10.11%)

Preoperative ejection fraction (EF)

Normal 255 (92%)

Mild dysfunction 18 (6.4%)

Moderate dysfunction 2 (0.72%)

BMV balloon mitral valvotomy, CMV closed mitral valvotomy
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Left atrial reduction procedures

Left atrial appendage (LAA) exclusion was performed in 29
patients (10.47%), exclusion with left atrial (LA) plication
was carried out in 28 patients (10.11%), and LA plication
alone was performed in 7 patients (2.53%). Some of the
lesser-employed techniques were Kawazoe’s technique in
two patients (0.72%), Kawazoe’s technique with LAA exclu-
sion in two patients (0.72%), and para annular reduction plasty
in one patient (0.36%).

Right atrial reduction procedures

The size of the right atrium was reduced in 2 patients (0.72%).

Hospital stay

The median duration of hospital stay was 8 days with an inter-
quartile range (7, 10).

Re-operation

Before the end of one year, three patients were re-operated on.
One of the three underwent redoDVR at the end of one year in
view of fungal prosthetic valve endocarditis, another
underwent redomitral valve replacement for a stuck prosthetic
valve and the third patient developed paravalvular mitral re-
gurgitation after 4 months of DVR and underwent redo mitral
valve replacement, which required a subsequent re-operation
(mitral valve replacement) after 6 months of the first surgery.

At 8 years, two patients underwent re-operation, one for a
stuck aortic valve and the other patient for paravalvular mitral
regurgitation. At the end of 10 years, a total of 5 (2%) patients
underwent re-operation.

Mortality

Early mortality

Seven patients died either in hospital or in the first 30 days
following surgery, making the early mortality 2.5%. Among
the seven, four patients died of post-cardiopulmonary bypass
(CPB) myocardial dysfunction with low cardiac output and
multi-organ dysfunction syndrome (MODS), one developed
atrioventricular (AV) groove disruption, one patient had post-
operative bleeding and cardiac arrest and the last patient de-
veloped pneumonia and septicaemia in the intensive care unit.

Intermediate and long-term mortality

At the end of one year, a total of 16 patients (5.8%) died. The
mortality at the end of 5 years was 6.8% (19 patients), and at

the end of 10 years, the mortality rate was 7.2% (20 patients)
(Table 2).

Functional class

The NYHA functional class at the end of 10 years improved to
class I in 178 patients (74.5%). NYHA class II symptoms
were reported by 56 patients (23.4%), and 5 patients (2.1%)
had NYHA class III symptoms.

Valve-related complications

Infective endocarditis

The rate of infective endocarditis was 0.36 per 100 patient
years. A total of twelve patients developed prosthetic valve
endocarditis (PVE) and seven of them died. All the seven
patients had early bacterial PVE (within 12 months of sur-
gery). Among the remaining five, three patients developed late
bacterial PVE and two patients developed late fungal PVE
(one underwent re-do DVR). The other patients were medi-
cally managed. One of the patients with fungal PVE had a size
21 Chitra heart valve prosthesis (TTK CHVP) in aortic posi-
tion and a size 28 Starr–Edwards valve in mitral position. The
other patient had a size 25 TTK CHVP in aortic position and a
size 29 TTK CHVP in mitral position. There was no previous
history of endocarditis in any of these patients.

Thromboembolic complications

Stroke

Three patients (1.11%) developed stroke in the immediate
post-operative period. All of them developed left-sided weak-
ness. The number of patients with stroke was 11 (4.26%), 21
(8.7%) and 29 (12%) at the end of 1 year, 5 years and 10 years
respectively. The rate of stroke was 0.63 per 100 patient years.

Valve and peripheral thrombosis

A total of three patients developed prosthetic valve thrombosis
during the study period. One of them had it within one year of
surgery and underwent re-do mitral valve replacement
(MVR); the second patient developed stuck valve due to poor
compliance with anticoagulation 6 years after DVR and was
thrombolysed. The third patient developed thrombosis of the
aortic prosthesis after 8 years of DVR and underwent re-do
aortic valve replacement (AVR). A patient developed poplite-
al artery thrombosis after 11 years of DVR, and it required an
an embolectomy.
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Anticoagulation-related haemorrhagic complications

One patient developed intracranial bleed after 1 year of DVR,
and it led to mortality. Another patient had a massive gastro-
intestinal (GI) bleed after 10 years of surgery and succumbed
to it.

Other complications

Two patients developed heart block and required pacemaker
implantation, one on the 11th post-operative day and the other
after 1 month from surgery. There was one case of pericardial
effusion which was drained.

Survival analysis

The survival rates of the study population were 94.9%,
93.02% and 93.02% at 1 year, 5 years and 10 years respec-
tively. (Fig. 1, life table analysis of the overall survival rate of
the study population).

The freedom from MACCE rate was 93.8%, 88.6% and
85% at 1 year, 5 years and 10 years respectively (Fig. 2, life
table analysis of MACCE occurrence rate among the study
population).

The freedom from re-operation was 98% at 10 years
(Fig. 3, life table analysis of re-operation in the study
population).

Table 2 Causes of mortality
within 10 years in the study
population

Causes of mortality at 10 years

Prosthetic valve endocarditis 7

Post-CPB myocardial dysfunction with low cardiac output and MODS 4

Septicaemia (pneumonia) 1

Sudden cardiac arrest 1

AV groove disruption 1

Bleeding and cardiac arrest 1

Massive GI bleed 1

ARDS 1

Intracranial bleed 1

Prosthetic valve thrombosis 1

Refractory AF with fast ventricular rate

and pulmonary oedema

1

CPB cardiopulmonary bypass, MODS multi-organ dysfunction syndrome, AV atrioventricular, GI gastrointesti-
nal, ARDS acute respiratory distress syndrome, AF atrial fibrillation

Fig. 1 Life table analysis of the overall survival rate in the study population
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Out of the 277 patients studied, 18 were lost to follow-up
and the remaining 259 patients were followed up for a mini-
mum period of 10 years and a maximum period of 20 years.

The mean duration of follow-up was 142.83 ± 56.38
months. Kaplan–Meier analysis showed an overall

survival time of 226.3 months [standard error (SE),
3.626] in the entire study population. The mean survival
time in males was 227.5 months (SE, 4.736) and
206.3 months (SE, 5.118) in females, with no statistical-
ly significant difference between the two [Log rank

Timing of MACCE

Fig. 2 Life table analysis of the MACCE occurrence rate among the study population

Fig. 3 Life table analysis of re-operation in the study population
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(Mantel–Cox) chi-square, 0.278; p value 0.598] (Fig. 4,
Kaplan–Meier curves comparing the survival time be-
tween both genders).

Univariate logistic regression analysis of the factors
associated with mortality while combining tricuspid valve
procedures with DVR revealed an association with an
odds ratio of 4.5 (p value 0.005) (Table 3). Multivariate
logistic regression analysis also showed an association
with mortality when tricuspid valve procedures were com-
bined with DVR, with an odds ratio of 5.25 (p value
0.003) (Table 4). Univariate logistic regression analysis
of the factors associated with stroke did not reveal any
association (Table 5). None of the other factors studied
such as age, gender, rhythm, length of hospital stay, left
ventricular (LV) ejection fraction and history of CMV and
BMV had any relation to mortality or stroke with univar-
iate and multivariate analyses.

Discussion

DVR has been associated with a higher operative mortality.
The in-hospital mortality in this study was 2.5%, and this is
among one of the lowest reported for a DVR. Post-CPB myo-
cardial dysfunction and low cardiac output syndrome (LCOS)
were the common causes of death in the immediate post-
operative period.

Talwar et al. reported an early mortality of 8.5% in the
DVR group (n = 293) of their study comparing aortic valve
replacement with mitral valve repair compared with combined
AVR and MVR. The causes of early mortality were arrhyth-
mia, bleeding and sepsis. They did not include patients who
needed tricuspid valve repair. Also, theirs was a single
operator–based study and majority of their patients belonged
to NYHA functional class I and II [4]. Kim et al. studied 663
patients who underwent AVR combined with mitral valve

Fig. 4 Kaplan–Meier curves
comparing the survival time
between both genders

Table 3 Univariate logistic
regression analysis of factors
associated with overall mortality
in the study population

Factor Unadjusted odds ratio 95% CI of odds ratio p value

Lower Upper

Age 1.025 0.983 1.069 0.249

Gender (baseline =male) 1.295 0.521 3.218 0.578

Rhythm (sinus) (baseline = atrial fibrillation) 1.018 0.392 2.642 0.971

Tricuspid procedures 4.578 1.600 13.101 0.005

Hospital stay 1.065 0.994 1.140 0.074

CMV 1.886 0.507 7.015 0.344

BMV 3.929 0.993 15.548 0.051

Ejection fraction 0.979 0.934 1.027 0.387

BMV balloon mitral valvotomy, CMV closed mitral valvotomy
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surgery. They reported a very low early mortality of 1.9% in
the DVR group of the study (n = 158). Two patients died of
low cardiac output, and one patient had cerebral haemorrhage
and succumbed. They included patients with all aetiologies
and their study involved multiple operators. Despite these
favourable early outcomes, they concluded DVR to be more
hazardous than AVR with concomitant mitral valve repair
based on long-term survival [5].

The other causes of in-hospital death in our study popula-
tion were atrioventricular groove disruption (AVGD) and re-
fractory medical bleeding in one patient each. The preopera-
tive functional class of one of the patients who developed
myocardial dysfunction was NYHA IV, and one of the pa-
tients who died from LCOS belonged to NYHA class III.
AVGD is a rare complication post mitral valve surgery and
is associated with annular calcification. Dobrilovic et al. re-
ported an incidence of 0.42% of AVGD following mitral
valve surgery [6]. Mortality rates with AVGD often approach
90%.

The low in-hospital mortality observed in this study can be
attributed to advancements in operative technique, myocardial
protection and postoperative care along with better safety pro-
files of the prosthetic valves, since DVR first started in the
1960s. Cold blood cardioplegia with St Thomas II solution
was employed for arresting the heart, and all patients were
cooled to 30 °C after arresting the heart. The preoperative
functional status of the patients included in the study may also
have played a role in contributing to the low mortality rate.

54.8% of the patients in our study had only NHYA class II
symptoms preoperatively. Remadi et al. reported an operative
mortality rate of 7.08% in their 22-year follow-up of 254
patients who underwent DVR [2]. The percentage of patients
who belonged to NYHA class III and IV was 66% in their
study. The standard operative mortality reported by most of
the studies on DVR varies between 5 and 12% [1–3, 7–11].
However, this huge difference in mortality cannot be
completely attributed to this moderate difference in functional
class alone. The late mortality rate in our study was 7.2%, and
there were three non-cardiac causes of death including GI
bleeding and respiratory causes—acute respiratory distress
syndrome and pneumonia.

The last patient in the study was followed up for a period of
10 years.We report a survival rate of 93.02% at 10 years. These
values show a drastic improvement in survival compared to all
the previous published studies on DVR patients [2]. The actu-
arial survival at 22 years as reported by Remadi et al. is 45%.
Their study included a follow-up of patients operated on be-
tween 1979 and 1989, and much has changed in operative
techniques used in cardiac surgery, myocardial preservation
and postoperative care since then. John et al. reported an actu-
arial survival of 85% at 10 years and 82% at 24 years in their
follow-up of 456 patients between 1973 and 1997 [9].

The freedom from MACCE at 10 years is 85%. Armenti
et al. studied patients who were implanted with Starr Edward
prosthesis and reported only a 40% freedom from thrombo-
embolic and haemorrhagic complications at 15 years [12]. Our

Table 4 Multivariate logistic
regression analysis of factors
associated with overall mortality
in the study population

Factor Adjusted odds ratio 95% CI of odds ratio p value

Lower Upper

Tricuspid procedures 5.255 1.738 15.889 0.003

CMV 1.700 0.414 6.978 0.462

BMV 4.617 1.057 20.174 0.052

BMV balloon mitral valvotomy, CMV closed mitral valvotomy

Table 5 Univariate logistic
regression analysis of factors
associated with stroke in the study
population

Factor Unadjusted odds ratio 95% CI of odds ratio p value

Lower Upper

Age 1.023 0.986 1.061 0.222

Gender (baseline =male) 1.398 0.642 3.041 0.399

Rhythm (sinus) (baseline = atrial fibrillation) 1.528 0.646 3.614 0.334

Tricuspid procedures 1.724 0.540 5.505 0.358

Hospital stay 1.052 0.985 1.125 0.132

CMV 0.268 0.035 2.059 0.206

BMV 0.000 – – 0.999

Ejection fraction 1.012 0.972 1.054 0.551

BMV balloon mitral valvotomy, CMV closed mitral valvotomy
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study included patients with four kinds of mechanical pros-
thesis including Chitra heart valve prosthesis and a
bioprosthetic valve. We maintained a target prothrombin
time–international normalized ratio (PT INR) of 2.5 to 3.5 in
all patients undergoing DVR with mechanical prosthesis.
Patients who underwent valve replacement with bioprosthetic
valves (two patients) received anticoagulation with vitamin K
antagonist for three months following surgery. There were
three instances of valve thrombosis (two at mitral position
and one at aortic position), one incident of intracranial bleed
and a case of GI bleed with this anticoagulation regimen.

Talwar et al. reported a very high rate (21%) of thromboem-
bolic complications in the DVR group of their study. They
could not point out a specific cause to this phenomenon and
termed most of the events as minor. However, eighteen of the
sixty-two patients who developed these complications were in
atrial fibrillation. They followed an anticoagulation regimen
targeting INR of 2.5 to 3.5 [4]. Saurav et al. conducted a meta-
analysis of all the observational studies comparing mitral
valve repair vs replacement along with concomitant AVR.
They analysed three studies which included rheumatic pa-
tients exclusively and found that risk of thromboembolism

Table 6 Comparison of long-term survival rates in various studies

Author,
journal,
year, country

Number of
patients

Aetiology Results and
late outcome

Comments

Coyan et al,
Journal of
Cardiac
Surgery,
2018,
USA

DVR group
(n = 177)

Aortic Mitral 5-year mortality in the
DVR group was 37.8%

Majority of the patients had degenerative aetiology.
Rheumatic—

15.8%
Degenerative—

53.1%
Endocarditis—

7.3%

Rheumatic—
37.5%

Degenerative
57.6%

Endocarditis-
7.3%

AVR plus
MVr
group
(n = 247)

Aortic Mitral 5-year mortality in AVR
plus MVr group was
35.1%

Rheumatic—
2.4%

Degenerative—
63.2%

Endocarditis—
8.5%

Rheumatic—
1.2%

Degenerative—
61.9%

Endocarditis—
8.1%

Kim et al.,
ICVTS, 2014,
South Korea

DVR group
(n = 158)

Rheumatic—50.8%
Degenerative—26.1%
Endocarditis—23.1%

Overall survival at
10 years was
77.2 ± 4.4%

They studied mitral valve repair versus replacement for
moderate-to-severe mitral regurgitation in patients

undergoing concomitant AVR.
AVR plus

MVr
group
(n = 95)

Rheumatic- 37.5%
Degenerative- 41.4%
Endocarditis- 21.1%

Overall survival at
10 years was
73.0 ± 6.4%

Talwar et al,
The Annals of

Thoracic
Surgery,
2007,
India

DVR group
(n = 293)

Rheumatic—100% Actuarial survival was
81.60 ± 2.4%

Aetiology was purely rheumatic in origin.

AVR plus
MVr
group
(n = 76)

Rheumatic—100% Actuarial survival was
90.5 ± 3.4%

Kuwaki et al,
The Annals of

Thoracic
Surgery,
2007,

Japan

DVR group
(n = 81)

Rheumatic—100% Rates of actuarial freedom
from cardiac-related
death 75.9% at 12 years

Aetiology was exclusively rheumatic. Even though they
did not find any significant difference in mortality
between the two groups, the reoperation rate was

high in the mitral valve repair group.AVR plus
MVr
group
(n = 47)

Rheumatic—100% Rates of actuarial freedom
from cardiac-related
death 81.4% at 12 years

McGonigle
et al,

Journal of
Cardiothora-
cic Surgery,

2007,
UK

DVR group
(n = 273)

Rheumatic—77.3%
Degenerative—20.5%
Endocarditis—0.7%

Fifteen-year survival was
44%

More than 70% of the patients in both the groups had
rheumatic aetiology.

AVR plus
MVr
group
(n = 43)

Rheumatic—72.1%
Degenerative—18.6%
Endocarditis—7.0%

Fifteen-year survival was
57%

DVR double valve replacement, AVR aortic valve replacement, MVr mitral valve repair
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was lower in patients with RHD undergoing mitral valve
(MV) repair compared with replacement [13]. We attribute
the low rate of thromboembolic events in our study to the
good compliance to anticoagulation due to patient education
prior to surgery and discharge and meticulous follow-up.

The number of patients who had to be re-operated on at the
end of 10 years was five, and the freedom from re-operation at
10 years was 98%. The causes of re-operation were prosthetic
valve thrombosis—Medtronic Hall valve (Medtronic, Inc.,
Minneapolis, MN) in the aortic and Starr–Edwards valve
(Edwards Lifesciences, Irvine, CA) in the mitral position, and
prosthetic valve endocarditis which required redo DVR and
paravalvular regurgitation—Chitra heart valve prosthesis
(TTKCHVP, TTKHealthcare Limited, Chennai, Tamil Nadu).

Kaplan–Maier analysis showed a cumulative survival rate
of 226 months (18 years) post-DVR. Literature has shown that
the survival rate in female patients is lower post cardiac sur-
gery, but the mean survival rate difference between men and
women was not statistically significant in our cohort.

The functional status improved significantly post DVR
with 71% patients reporting NYHA class I functional status.

Coyan et al. in their study of 424 patients compared the out-
comes of MVR with repair during concomitant AVR. They re-
ported a 5-yearmortality of 37.8% for patients in theDVRgroup.
In their study population, 15.8% (aortic) to 37.5% (mitral) pa-
tients had rheumatic aetiology. Majority (53 to 57%) of the pa-
tients had degenerative valve disease, and themean agewas 68.8
± 11.8 years [14]. In our study, we included only patients with
RHD who usually present earlier, and this is reflected in the
lower mean age of patients in our study population (Table 6).

Patients with RHD thus have a better freedom from mor-
tality after DVR as they present earlier, compared to those
patients with degenerative valve disease who become symp-
tomatic at a later part of their life.

Kim et al. reported an overall survival of 77.2 ± 4.4% in the
DVR group at 10 years follow-up [5]. Their study included
patients with mixed aetiologies out of which RHD patients
accounted for 50.8% of the population. Talwar et al. in their
study of 369 patients with RHD compared results of AVR and
mitral valve repair with combined AVR and MVR. They re-
ported an actuarial survival of 81.60% ± 2.4% in the DVR
group at 5 years [4].

Kuwaki et al. reported an actuarial freedom from cardiac-
related death of 75.9% at 12 years in the DVR group of their
study involving 128 RHD patients. Eighty-one among them
underwent DVR, while 47 patients underwent mitral valve
repair along with AVR [15]. McGonigle et al. reported a
fifteen-year survival of 44% for DVR group (n = 273) in their
study of 316 patients. More than 70% patients in the study had
rheumatic aetiology [16].

The aforementioned studies predominantly or entirely in-
cluded patients with rheumatic aetiology, whose long-term
survival rate varied between 44 and 81%. In our study, we

found the 10-year survival rate to be 93.02% and such a high
survival post DVR has not been reported. We attribute this
improved survival rate to the lower mean age of the patients at
the time of surgery, preserved functional class and surgical
and myocardial preservation techniques.

Gupta et al. in their study of 150 patients who underwent
DVR found female sex, advanced age, higher NYHA class
and poor LV function to be associated with poor outcomes [3].
Combining tricuspid valve intervention with DVR was found
to have an association with mortality in our study. The other
factors studied such as age, gender, rhythm, length of hospital
stay, LV ejection fraction, history of CMV and BMV did not
have any relation to mortality or stroke when analysed using
univariate and multivariate logistical regression.

Conclusion

The operative mortality and morbidity for DVR have signifi-
cantly reduced with improvement in operative techniques, myo-
cardial preservation and postoperative care. Patients can have an
improved quality of functional status following surgery, with
good rates of freedom from re-operation and MACCE.

Limitations

This is a retrospective study and has its inherent limitations. It
was a single-centre-based study. A multi-centre-based study
would validate the findings better. A prospective study would
have helped us study details of myocardial protection and
other factors contributing to low operative mortality well.
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