
ww.sciencedirect.com

i n d i a n h e a r t j o u r n a l 6 6 ( 2 0 1 4 ) 3 2 0e3 2 6

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Elsevier - Publisher Connector 
Available online at w
ScienceDirect

journal homepage: www.elsevier .com/locate / ih j
Original Article
Incidence and patterns of valvular heart disease
in a tertiary care high-volume cardiac center:
A single center experience
C.N. Manjunath a, P. Srinivas b,*, K.S. Ravindranath a, C. Dhanalakshmi a

aDepartment of Cardiology, Sri Jayadeva Institute of Cardiovascular Sciences and Research, Bangalore, India
b PG, Department of Cardiology, Sri Jayadeva Institute of Cardiovascular Sciences and Research,

Jaya Nagar 9th Block, Bannerghatta Road, Bangalore 560069, Karnataka, India
a r t i c l e i n f o

Article history:

Received 4 April 2013

Accepted 23 March 2014

Available online 14 April 2014

Keywords:

Valvular heart disease

Incidence

Echocardiography

Rheumatic heart disease
* Corresponding author. Tel./fax: þ91 080 229
E-mail address: drpsrinivas@rediffmail.co

http://dx.doi.org/10.1016/j.ihj.2014.03.010
0019-4832/Copyright ª 2014, Cardiological So
a b s t r a c t

Background: Diseases of the heart valves constitute a major cause of cardiovascular

morbidity and mortality worldwide with rheumatic heart disease (RHD) being the domi-

nant form of valvular heart disease (VHD) in developing nations. The current study was

undertaken at a tertiary care cardiac center with the objective of establishing the incidence

and patterns of VHD by Echocardiography (Echo).

Methods: Among the 136,098 first-time Echocardiograms performed between January 2010

and December 2012, an exclusion criterion of trivial and functional regurgitant lesions

yielded a total of 13,289 cases of organic valvular heart disease as the study cohort.

Results: In RHD, the order of involvement of valves was mitral (60.2%), followed by aortic,

tricuspid and pulmonary valves. Mitral stenosis, predominantly seen in females, was

almost exclusively of rheumatic etiology (97.4%). The predominant form of isolated MR was

rheumatic (41.1%) followed closely by myxomatous or mitral valve prolapse (40.8%). Iso-

lated AS, more common in males, was the third most common valve lesion seen in 7.3% of

cases. Degenerative calcification was the commonest cause of isolated AS (65.0%) followed

by bicuspid aortic valve (BAV) (33.9%) and RHD (1.1%). Multiple valves were involved in

more than a third of all cases (36.8%). The order of involvement was

MS þMR >MS þ AR >MR þ AR > AS þ AR >MR þ AS >MS þ AS. Overall, 9.7% of cases had

organic tricuspid valve disease.

Conclusion: RHD contributed most to the burden of VHD in the present study with calcific

degeneration, myxomatous disease and BAV being the other major forms of VHD. Multiple

valves were affected in more than a third of all cases.
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Study Period: 1.1.2010-31.12.2012

Total number of Echocardiograms: 409468

Exclusion: repeat Echo 

Study database-Entry or first Echo 

of the study cohort:  136098

Exclusion:

Trivial, Functional, Unspecified MR: 18199

Sclerotic aortic valve, unspecified, trivial 

to mild AR: 3955

Trivial, functional TR: 25092

Primary, native valve disease, n=13289                           

Fig. 1 e Algorithm showing the inclusion and exclusion

criteria of cases for the present study (AR [ Aortic

Regurgitation, MR [ Mitral Regurgitation, TR [ Tricuspid

Regurgitation).
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1. Introduction

Diseases of the heart valves constitute a major cause of

cardiovascular morbidity and mortality worldwide with an

enormous burden on healthcare resources. Rheumatic heart

disease (RHD) continues to be the dominant form of heart

valve disease in developing nations.1 The prevalence of RHD

has greatly decreased in developed nations; however,

increasing life expectancy and atherosclerotic risk factors

have increased the risk of acquiring age-related degenera-

tive valvular heart disease (VHD). Although the patterns of

valve disease differ among these nations, the burden of

valvular heart disease continues unabated across the globe.

With RHD affecting predominantly the young population in

their productive years, the socio-economic impact on the

society is enormous. Little data exists on the prevalence of

valvular heart disease as studied by Echocardiography

(Echo), although several autopsy2e4 and surgical patho-

logy5e8 series form a rich source of literature on the patterns

of valvular heart disease. The current study was undertaken

to establish the incidence and patterns of heart valve dis-

ease as studied by Echo. While pathological examination of

valves obtained at surgery or autopsy remains the gold

standard in morphological analysis, with the current ad-

vances in techniques, comparable information on the

anatomy and hemodynamic effects of valve disease can be

obtained by Echo.
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Fig. 2 e Overview of patterns of valvular heart disease

(AR [ Aortic Regurgitation, AS [ Aortic Stenosis,

MR [ Mitral Regurgitation, MS [ Mitral Stenosis,

PS [ Pulmonary Stenosis, TR [ Tricuspid Regurgitation,

TS [ Tricuspid Stenosis).
2. Methods

The current study was undertaken at Sri Jayadeva Institute

of Cardiovascular Sciences and Research, a tertiary care

high-volume cardiac center located at Bangalore, South

India, where more than 100,000 Echocardiograms are per-

formed annually. All the Echocardiograms done over a

period of 3 years from January 2010 through December 2012

were analyzed for the present study. Among the 409,468

Echocardiograms performed during the period, only the

first-time Echo of each patient was included for the study to

avoid repetition bias. Hence, a total of 136,098 discrete Echo

reports were available for inclusion. From the total database

of 60,535 cases for any valvular heart disease, the following

were excluded from the study: trivial, functional or un-

specified mechanisms of mitral regurgitation (MR), trivial to

mild aortic regurgitation (AR) due to sclerotic aortic valve or

unspecified causes and trivial or functional tricuspid

regurgitation (TR), with the remaining 13,289 cases of

organic valvular heart disease forming the study cohort for

the present analysis (Fig. 1). Trace to small degrees of MR

and TR can be detected in up to 80e90% of individuals on

careful Doppler Echo and can confound the estimates of

disease prevalence.9,10 Also, the study was designed to

determine the patterns of primary or organic valve disease;

hence trivial, functional or insignificant regurgitation was

excluded from the analysis to avoid erroneous estimates

that can be produced by these large numbers of insignificant

lesions.
3. Results

The Echocardiograms were analyzed in two parts: all the iso-

lated valve lesions were analyzed first followed by various

combinations of valve lesions. The data is presented in tables

and charts. Data is expressed in numbers, percentages and

ratios.Anoverviewof thepatternsof valvedisease ispresented

in Fig. 2.

Mitral valve was the most common involved valve in the

rheumatic group, seen in 60.2% of the cases. Another 24.5% of

cases had involvement of aortic valve as well, making the

overall involvement of mitral valve in RHD to be 84.7%. When
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the overall cohort was considered, the corresponding figures

were 54.4%, 18% and 72.4% respectively; thus making mitral

the most common involved valve in VHD. Among patients

with isolated mitral valve involvement, pure mitral stenosis

(MS) was the dominant lesion (37.1%). Another 35.7% of cases

hadMR in addition toMS; thus, MSwas seen in a total of 72.8%

of patients with isolated rheumatic mitral valve disease with

the remaining patients having pure MR (27.2%). Aortic valve

(AV) was involved in 29.1% of casesmaking it the secondmost

common valve to be involved in RHD; most cases had asso-

ciated mitral valve involvement. Isolated involvement of AV

was rare in the rheumatic group. In the overall cohort, aortic

valvewas involved in 35.8% of patients. Nextmost common to

be involved was Tricuspid valve (10.7% and 9.7% of rheumatic

and overall cohorts respectively). Most of the lesions were TR

(10.4%). Tricuspid stenosis (TS) was rare (0.3%). Pulmonary

was the least common valve to be involved in RHD (0.04%); all

cases had associated MS.
3.1. Isolated MS

The distribution of cases according to etiology and gender is

shown in Table 1. Age- and Sex-wise distribution of rheumatic

MS cases is shown in Fig. 3. A steady increase in the incidence

of rheumatic MS can be seen with each decade with a peak

occurring at 30e39 years. This trend was seen in both female

and male patients. Nearly two-thirds (65.9%) of MS patients

were females. Interestingly, MS was seen as an isolated lesion

even in elderly patients (�60 years).

3.1.1. Severity of MS
At presentation, most patients (47.2%) were found to have

severe MS, defined as a mitral valve orifice area (MVOA)

�1.0 cm2; moderate (MVOA 1.0e1.5 cm2) and mild MS (MVOA

>1.5 cm2) were nearly equal in frequency (27.6% and 25.2%

respectively) (Fig. 4).

3.1.2. Pulmonary hypertension
The distribution of cases with pulmonary hypertension is

shown in Fig. 5. Pulmonary hypertension was identified in

more than half of isolated MS cases (57.6%). More than two-

thirds (68.9%) of patients in whom pulmonary hypertension
Table 1 e Distribution of Mitral Stenosis cases according
to etiology and gender (F:M [ Female:Male, MS [ Mitral
Stenosis).

Etiology No (%) Female Male F:M

Rheumatic MS 1909 (97.4%) 1259 650 1.93:1

Congenital Heart

diseasea
30 (1.5%) 19 11 1.73:1

Post-Mitral valve

repair

15 (0.8%) 10 5 2.0:1

Sclero-degenerative 5 (0.3%) 5 0 e

1959 1293 666 1.94:1

a 0.4% e parachutemitral valve/single papillary muscle and 1.1% e

MS associated with other congenital heart diseases (including atrial

septal defect, ventricular septal defect, situs inversus with

dextrocardia).
was diagnosed were women. It can be seen from the figure

that the incidence of pulmonary hypertension was in pro-

portion to the severity of MS (10.4% of mild MS, 27.9% of

moderate MS, and 61.7% of severe MS respectively).
3.2. Isolated MR

MR occurred as an isolated lesion in 25.6% of all the cases

making it the most common isolated valve lesion. The pre-

dominant form of MR was rheumatic (41.1%) followed closely

by myxomatous or mitral valve prolapse (40.8%) (Fig. 6). Iso-

lated MR was seen more often in females in all the three

categories of disease. In the rheumatic group, peak incidence

of MR was in the second decade (28.8%) which was in contrast

to MS, where peak incidence was in the fourth decade (27.9%).

A bimodal peak was seen in the incidence of MR due to mitral

valve prolapse (MVP). First peak was in the second decade

(18.8%) and the second in older adult life (fifth decade; 15.9%).
3.3. Isolated aortic stenosis (AS)

Isolated AS was the third most common valve lesion among

the 13,289 cases (7.3%). The age and etiology-wise distribution

of cases is shown in Fig. 7. Degenerative calcification was the

commonest cause of isolated AS (65.0%) followed by bicuspid

aortic valve (BAV) (33.9%). RHD contributed aminority of cases

to this valve lesion (1.1%). Associations of bicuspid AS
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Fig. 4 e Distribution of cases across the three severities of

MS (MS [ Mitral Stenosis).
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Fig. 7 e Age and Etiology-wise distribution of cases of

isolated aortic stenosis.
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included Coarctation of Aorta, supravalvular AS, supramitral

ring and hypoplastic arch/left ventricle. It was interesting to

note that isolated AS was more common in males in all the

three groups (male:female ratio 1.5e2.1:1, overall ratio being

1.7:1).

3.4. Isolated aortic regurgitation

Isolated AR was seen in 774 cases (5.8%) making it the fourth

most common lesion. Etiology and Sex-specific distribution of

cases is shown in Fig. 8. As can be seen in the diagram, RHD

was the commonest cause of isolated AR in the present study

followed by bicuspid aortic valve and AR associatedwith other

congenital heart diseases, which included Tetralogy of Fallot,

ventricular septal defect, patent ductus arteriosus and com-

plete transposition of great arteries.

3.5. Mutivalvular disease

Multiple valves were involved in more than a third of all cases

(36.8%). The anatomic and hemodynamic combinations of

lesions were analyzed systematically. The results are as

summarized in Fig. 9 and Table 2. Overall, the combination of

MS and MR (MS þ MR) was the commonest followed by the

combination of MS and AR (MS þ AR). The least common
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Fig. 6 e Incidence of various etiologies of isolated mitral

regurgitation (MAC [ Mitral Annular Calcification, MVP/

MYX [ Mitral Valve Prolapse/Myxomatous mitral valve,

RHD [ Rheumatic Heart Disease).
lesion combination was that of MS and AS (MS þ AS). Multi-

valvular disease was seen more often in females in a ratio of

1.2:1. It was also observed that lesion combinations involving

MS were commoner in females while all AS involving combi-

nations were more common in males. In Rheumatic heart

disease, the combinations were in the following order of

involvement: MS þ MR (46.6%) > MS þ AR (26.5%) > MR þ AR

(23.3%) > MS þ AS (2.4%) > MR þ AS (0.9%) > AS þ AR (0.3%).

3.6. Organic tricuspid valve disease

Since tricuspid valve disease was found most often in com-

bination with other valve disease, especially mitral, the pat-

terns of involvement of tricuspid valve were analyzed

separately. Overall, 9.7% of cases had organic involvement of

tricuspid valve.

3.6.1. Tricuspid stenosis
Tricuspid stenosis (TS) is a rare lesion (0.3% of all valvular

lesions) occurring predominantly in association with mitral

stenosis. More than 90% of the cases were seen in RHD. The

patterns of involvement are shown in Table 3.

3.6.2. Tricuspid regurgitation
Tricuspid regurgitation due to primary involvement of the

tricuspid valve constituted only aminority of the total number

of TR cases (4.7%) which includes functional as well as
Fig. 8 e Etiology and Sex-specific distribution of cases of

isolated aortic regurgitation.
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Table 3 e Tricuspid Stenosis (AS [ Aortic Stenosis,
MR [ Mitral Regurgitation, MS [ Mitral Stenosis,
RA [ Right Atrial, TR [ Tricuspid Regurgitation,
TS [ Tricuspid Stenosis).

Etiology Female Male Total Associations

Rheumatic 30 7 37 (90.4) Almost exclusively

seen in association

with MS; only 1 case

seen in a patient

with pure MR.

Ebstein’s

anomaly

1 0 1 (2.4) e

Post-tricuspid

valve repair

1 0 1 (2.4) Moderate TR

Glycogen

storage

disease

0 1 1 (2.4) MS þ AS (all Mild)

RA mass/

myxoma

0 1 1 (2.4) TS

Total 32 (78.1) 9 (21.9) 41 e
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physiological TR seen across various spectra of heart diseases.

The most common cause was RHD (70.2%). Females were

more likely to have TR in all the etiological groups. All cases of

tricuspid valve prolapse (TVP) were seen in patients who had

mitral valve prolapse. Conversely, 6% of MVP cases had

associated TVP. The distribution of TR cases is shown in

Fig. 10.

3.7. Pulmonary valve

Three cases of pulmonary stenosis were seen in rheumatic

heart disease group. All 3 cases had associated MS. One pa-

tient had combined stenosis of mitral, tricuspid and pulmo-

nary valves.
4. Discussion

The present study was undertaken in a tertiary care high-

volume cardiac center in South India with the objective of

systematically analyzing the large volume of echocardio-

graphic data on valvular heart disease that is stored in the

Echo laboratory. To the best of our knowledge, this is the

largest study of echocardiographic patterns of valvular heart

disease done in a single center. Echo now plays the dominant
Table 2 e Systematic, etiology-specific analysis of various comb
Stenosis, MR [ Mitral Regurgitation, MS [ Mitral Stenosis, TR

Combination Congenital Rheumatic

MS þ MR 17 (0.9)a 1835 (97.8)

MS þ AR 0 (0) 1046 (99.7)

MR þ AR 0 (0) 918 (95.6)

AS þ AR 70 (11.3)d 12 (1.9)

MR þ AS 26 (9.1)e 34 (11.9)

MS þ AS 0 (0) 96 (96)

Total 113 (2.3) 3941 (80.6)

a Includes parachute mitral valve (MV) and the combination seen in dex
b Includes post-MV repair status.
c Includes myxomatous MV, sclerotic aortic valve (AV), calcific MV and A
d BAV.
e Includes BAV.
role in the evaluation of the anatomic and hemodynamic ef-

fects of valve lesions. This has almost obviated the need for

invasive cardiac catheterization in the management of

valvular heart disease. Echo is now the single most important

modality of investigation in the diagnosis, management and

follow up of patients with valvular heart disease. The supe-

riority of Echo over clinical examination in identifying sub-

clinical rheumatic heart disease has been conclusively shown

in various school surveys done across India.11,12 This may

result in more children receiving secondary prophylaxis for

rheumatic fever thus reducing the burden of established

rheumatic heart disease.

Rheumatic heart disease contributed the most to the

burden of valvular heart disease (64.3%) in the present study.

RHD continues to affect millions of children and young adults

in the Indian subcontinent with prevalence rates varying from

4.54 to 6 per 100013,14 with estimates as high as 51 per 1000 in

some studies,11 although some recent large series of school

surveys have shown a decline in the prevalence of RHD

(0.5e0.68 per 1000).15,16 Our results are in contrast to another

echocardiographic study of valvular heart disease, the Euro

Heart Survey,17 a multicenter study involving 5001 patients
inations of lesions (AR[Aortic Regurgitation, AS[ Aortic
[ Tricuspid Regurgitation, TS [ Tricuspid Stenosis).

Degenerative Post-surgical Total

11 (0.6) 14 (0.7)b 1877 (38.4)

3 (0.3) 0 (0) 1049 (21.4)

42 (4.4)c 0 (0) 960 (19.6)

538 (86.8) 0 (0) 620 (12.7)

226 (79.0) 0 (0) 286 (5.7)

4 (4) 0 (0) 100 (2.0)

824 (16.8) 14 (0.3) 4892

trocardia and atrial septal defect.

V.
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Fig. 10 e Distribution of Tricuspid Regurgitation cases

(TR [ Tricuspid Regurgitation, TV [ Tricuspid Valve).
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from 92 centers in 25 European countries. The most common

lesions were AS and MR, mostly of degenerative etiology. This

difference conforms to the differing prevalence of valve dis-

ease among the developed and the developing nations. The

order of involvement of valve lesions in RHD in the current

study was mitral, aortic, tricuspid and pulmonary. This re-

flects the pathological involvement of the cardiac valves in

acute rheumatic fever with mitral being the most common

and pulmonary, the least.18

Mitral stenosis was almost exclusively of rheumatic etiol-

ogy (97.4%) in the current study. Surgical pathologic series

show rheumatic involvement in almost 99% of excised ste-

notic valves5,19 similar to the results of the large necropsy

series of Roberts WC (100%).2 Congenital MS, seen in <1% of

cases is rare in adults, given that the median age at death is

only 2 months.20 Degenerative calcification of the mitral

annulus often causes MR, but rarely can cause stenosis of the

mitral valve in <3% of cases.21

MRwas the most common isolated valve lesion. Rheumatic

involvement constituted the dominant cause followed closely

bymyxomatous ormitral valve prolapse, similar to the surgical

seriesofOlson5 (31%and38%respectively) andDuren7 (40%and

33% respectively). Thepeak incidence of rheumaticMRwas two

decadesearlier thanthatofMS.This isexplainedbythe fact that

a long latent period following the acute attack of rheumatic

fevergenerallyexistsbefore thestenoticmitral lesionmanifests

clinically.22 In the present study, MR wasmuchmore common

thanMS in thepediatric age group (<19years)whereas inadults

�20 years, MS was twice as common as MR.

Calcific degeneration was the predominant etiology of iso-

lated aortic stenosis whereas rheumatic etiology dominated

the isolated AR cases. In three surgical series from 1965

through 1990,23e25 a changing pattern of aortic stenosis pa-

thology can be noted,with degenerative disease nowbeing the

most common cause of AS. RHD was the commonest cause of

isolated AR in the older surgical series of Mayo clinic,26 but in

the recent series,25 aortic dilatation and/or degenerative valve

changes were responsible for half the cases.

Bicuspid aortic valve was well represented in the present

study. Out of 547 cases, 357 (65.3%) had pure AS, 120 cases

(21.9%) had pure AR and the rest had combined AS and AR

(12.8%). This is comparable to the natural history autopsy

series of 85 cases by Roberts.3 72% of bicuspid valves had

developed stenosis while 13% had pure AR in that study.
Anatomic or hemodynamic combinations of lesions (mul-

tivalvular disease) were fairly common in this study occurring

inmore than a third of cases. An important observation of our

study was the differing incidence of mitral and aortic valve

combinations in the pediatric (�19 years) and adult (�20

years) age groups. While MR þ AR was commoner than

MSþ AR in the pediatric age group, the reverse was true in the

adult age group reflecting the natural progression of valve

lesions following an attack of acute rheumatic fever. In a

study of 100 cases of combined aortic and mitral valve

replacement, Melvin found that MR þ AR was the most com-

mon combination of rheumatic valvular lesions.27 In a series

of 150 patients with combined aortic and mitral valve disease,

only 10 patients (6.7%) were found to have essentially pure AS

and MS28; we found a slightly lower incidence of 4.2% for this

combination in a similar analysis.

The commonest etiology of TS was RHD and was almost

exclusively seen in associationwithMS. In the necropsy series

of Roberts and Virmani,4 though 12% of cases had some path-

ological involvement of tricuspid valve, stenosis of the valve

wasseen inonly2%andwasseenonlywhenassociatedMSand

AS were present. In a surgical pathology series of tricuspid

valve disease, RHD was the commonest cause of pure TR fol-

lowed by Ebstein’s anomaly (41 and 14% respectively)8; the

corresponding figures in our study were 70.2 and 15.4%.
5. Limitations of the study

a. The present study is not a population based study and

hence subject to several biases inherent in such studies.

For example, symptomatic lesions are more likely to be

represented in a study based in a tertiary referral center.

b. There may be a bias towards the severity patterns of le-

sions as patients withmore severe lesions likely to be over-

represented in studies conducted in tertiary care referral

centers.

c. Although strict morphologic and clinical criteria were used

to ascribe etiology to a particular valve lesion, an Echo

based study has inherent limitations in comparison to

surgical or autopsy based studies.
6. Conclusions

RHD contributed most to the burden of VHD in the present

study with calcific degeneration, myxomatous disease and

BAV being the othermajor forms of VHD. Multiple valves were

affected in more than a third of all cases. The current study,

done in a high volume tertiary care cardiac center, is the

largest of its kind and can be thought to reflect the current

incidence and patterns of valvular heart disease. Although

recent school surveys in India continue to demonstrate a

declining trend in the prevalence of RHD, rheumatic involve-

ment is still the dominant form of valvular heart disease in

India. The patterns described correlate well with the surgical

and autopsy series described over several decades. This was a

comprehensive evaluation of valvular heart disease across all

the age groups and gender and hence an understanding of

http://dx.doi.org/10.1016/j.ihj.2014.03.010
http://dx.doi.org/10.1016/j.ihj.2014.03.010
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natural history can be retrospectively inferred. With the ad-

vances in techniques and increasing experience of the oper-

ators, Echo has nearly obviated the need for invasive cardiac

catheterization for the anatomic and hemodynamic assess-

ment of valve lesions. Echocardiography is now the single

most importantmodality of evaluation for themanagement of

patients with valvular heart disease.
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