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Objective: The objective of the present study is to analyze the epidemiological profile of patients with
abnormal valvular structure and function and highlight the etiological spectrum and management of valvular
heart disease (VHD) in a single cardiovascular center of Southern China in five years.

Methods: The retrospective study included 19,428 consecutive patients (9,441 men and 9,987 women with a
mean age of 52.03£20.50 years) with abnormal valvular structure and function who were screened by transthoracic
echocardiography (T'TE) or transesophageal echocardiography (TEE) at the in-patient department of Guangdong
General Hospital from January 2009 to December 2013. Data on baseline characteristics, potential etiology,
treatment strategies and discharge outcomes were collected from electronic medical records.

Results: There were 13,549 (69.7%) patients with relatively definite etiology for VHHD. VHD was
rheumatic in 7,197 (37.0%) patients, congenital in 2,697 (13.9%), degenerative in 2,241 (11.5%), ischemic in
2,460 (12.7%). The prevalence decreased significantly in rheumatic VHD from 2009 to 2013 (from 42.8%
to 32.8%, P<0.001), but increased markedly in congenital VHD (from 9.0% to 12.3%, P<0.001), ischemic
VHD (from 9.2% to 11.3%, P=0.003) and degenerative VHD (from 8.8% to 14.5%, P<0.001). Meantime, the
prevalence of ischemic VHD increased after the age of 45, similar to that of degenerative VHD. From 2009 to
2013, the proportion of patients with VHD undergoing open cardiac valvular surgery decreased (from 49.5%
to 44.3%, P<0.001) and that of patients treated with general medication increased (from 49.2% to 54.1%,
P<0.001). However, there was markedly increment in video-assisted thoracoscopic surgery (VATS) from 2009 to
2013 (from 0.3% to 4.4%, P<0.001). Increasing tendencies were showed in aortic mechanical valve replacement
(from 32.1% to 34.5%, P=0.001) and double mechanical valve replacement (from 20.9% to 22.3%, P=0.035),
especially in mitral valvuloplasty (from 8.5% to 15.7%, P<0.001). However, the proportion of patients undergoing
bioprosthetic valve replacement decreased from 2009 to 2013 (from 26.3% to 15.5%, P<0.001).

Conclusions: Despite a significant shift from rheumatic towards degenerative etiology from 2009 to 2013,
rheumatic VHD remains the leading etiology in Southern China, with a significant increase in the prevalence
of ischemic, congenital and degenerative VHD. General medication and cardiac valvular surgery remain the
main treatment options. The proportion of VATS increased markedly from 2009 to 2013, and mechanical

valve replacement and mitral valvuloplasty showed an increasing tendency.
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Background

Valvular heart disease (VHD) is a common condition in clinical
practice that is strongly associated with heart dysfunction
and death. The prevalence of VHD is 2.5% in developed
countries (1). In the last three decades, the etiology of VHD
has changed in parallel with socio-economic development
and an increasing aging population. In developing countries,
rheumatic heart disease remains the primary cause of VHD (2).
Echocardiography is one of the most effective methods
for the assessment of valvular structure and function, and
it is widely applied for VHD screening in clinical practice.
It can provide helpful information regarding the etiology
of valvular disorders. The objective of the present study
is to analyze the epidemiological profile of patients with
abnormal valvular structure and function and highlight the
etiological spectrum and management of VHD in a single
cardiovascular center of Southern China.

Methods
Patient population and criteria

The present retrospective study included 19,428 consecutive
patients with abnormal valvular structure and function who
were screened by transthoracic echocardiography (T'TE) or
transesophageal echocardiography (TEE) at the in-patient
department of Guangdong General Hospital between January
2009 and December 2013. Data on baseline characteristics,
potential etiology, treatment strategies and discharge
outcomes were collected from electronic medical records.
Under standard echocardiographic criteria (3), rheumatic
VHD was diagnosed on the basis of a medical history of acute
rheumatic fever and/or precordial abnormalities, including
the presence of a cardiac murmur. Degenerative VHD was
defined according to the echocardiographic criteria for
calcific valve disease, and ischemic VHD was identified based
on a medical history of ischemic heart disease. Autoimmune-
mediated VHD was confirmed with a medical history of
autoimmune disease. Regarding infective VHD, the Duke
classification allows for standardization of its diagnosis.

Statistical methods

All continuous variables were expressed as the mean =
standard deviation. Categorical variables were expressed as
percentages or ratios. Patient characteristics were compared
across different years using the chi-square test for categorical
variables and analysis of variance (ANOVA) for continuous
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variables. For highly skewed variables, presented as median
and first and third quartiles, the Kruskal-Wallis nonparametric
test was used. Trends in the different years were assessed using
the Cochran-Armitage test. A two-tailed P value <0.05 was
considered to indicate statistical significance. All statistical
analyses were performed using SAS for Windows version
9.2 (Cary, NC, USA).

Results
Baseline characteristics

The survey included 19,428 patients (9,441 men and 9,987
women with a mean age of 52.03+20.50 years) hospitalized
in Guangdong General Hospital. Of these, 25.5% patients
had atrial fibrillation (AF), 19.7% had hypertension, and
9.5% had diabetes mellitus. Baseline characteristics are
summarized in Table 1. A relatively definitive etiology for
VHD was identified in 13,549 (69.7%) patients by analyzing
clinical data, patient characteristics and echocardiographic
information. VHD was rheumatic in 7,197 (37.0%) patients,
congenital in 2,697 (13.9%), degenerative in 2,241 (11.5%),
ischemic in 2,460 (12.7%), infective in 611 (3.1%), and
autoimmune-mediated in 138 (0.7%). The 5-year in-hospital
mortality was 577 (3.0%) patients.

General medication was administered in 9,866 (50.8%)
patients. A total of 299 (1.5%) patients underwent
interventional balloon valvuloplasty. Of 9,263 (47.7%)
patients who underwent cardiac valvular surgery, 472 (2.4%)
received video-assisted thoracoscopic surgery (VATS) and
8,791 (45.2%) underwent classic open cardiac valvular
surgery (1able 2). Coronary artery bypass graft (CABG) was
performed simultaneously in 492 (2.5%) patients. The Cox
maze procedure for AF ablation was performed in 947 (4.9%)
patients. Tricuspid and mitral valvuloplasties were performed
in 4,883 (25.1%) and 1,103 (5.7%) patients, respectively.
Mitral, aortic and double valve replacements were performed
in 5,331 (27.4%), 3,680 (18.9%) and 2,264 (11.7%) patients,
respectively, and 5.29% of the implanted valves were
bioprotheses.

Shifts in the prevalence of different etiologies from 2009 to 2013

Further analysis of the baseline characteristics in different
years revealed a shift in the distribution of etiologies
for VHD from 2009 to 2013 (Figure I), with significant
decrease in the prevalence of rheumatic VHD (from 42.8%
to 32.8%, P<0.001) and infective VHD (from 3.5% to 2.2%,
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Table 1 Baseline characteristics of patients with VHD from 2009 to 2013

Characteristics 2009 (N=2,960) 2010 (N=3,330) 2011 (N=3,861) 2012 (N=4,159) 2013 (N=5,118) P value’
Mean age (yrs) 52.84+18.08 51.83+19.19 51.29+22.00 51.82+21.30 51.83+21.40 0.048*
Male, N (%) 1,394 (47.1) 1,616 (48.5) 1,873 (48.5) 2,130 (51.2) 2,428 (47.4) 0.404
Medical history, N (%)
AF 905 (31.0) 860 (26.0) 958 (25.0) 1,073 (26.0) 1,151 (23.0) <0.001
Hypertension 598 (20.0) 422 (13.0) 797 (21.0) 866 (21.0) 1,135 (22.0) 0.039
Diabetes 262 (8.9) 297 (8.9) 377 (9.8) 414 (10.0) 499 (9.7) 0.195
Etiological analysis, N (%)
Rheumatic 1,268 (42.8) 1,421 (42.7) 1,402 (36.3) 1,405 (33.8) 1,680 (32.8) <0.001
Congenital 267 (9.0) 307 (9.2) 457 (11.8) 598 (14.3) 628 (12.3) <0.001
Degenerative 261 (8.8) 339 (10.2) 517 (13.4) 564 (13.6) 744 (14.5) <0.001
Ischemic 272 (9.2) 283 (8.5) 353 (9.1) 387 (9.3) 579 (11.3) <0.001
Infective 104 (3.5) 124( 7) 123 (3.2) 142 (3.4) 113( 2) <0.001
Autoimmune 30 (1.0) 5(0.5) 30 (0.8) 39 (0.9) 36 (0.7) 0.828
Undefined 758 (25.6) 844 (25.3) 982 (25.4) 1,053 (25.3) 1,320 (25.8) 0.813
In-hospital mortality 80 (2.7) 114 (3.4) 115 (3.0) 133 (3.2) 135 (2.6) 0.474

VHD, valvular heart disease; AF, atrial fibrillation.

Table 2 Managements in patients with VHD from 2009 to 2013

* trends across different years; *, comparison for different years by ANOVA test.

Treatment 2009 (N=2,960) 2010 (N=3,330) 2011 (N=3,861) 2012 (N=4,159) 2013 (N=5,118) P value
General medication, N (%) 1,455 (49.2) 1,552 (46.6) 1,970 (51.0) 2,121 (51.0) 2,768 (54.1) <0.001
Intervention, N (%) 39 (1.3) 56 (1.7) 65 (1.7) 58 (1.4) 81 (1.6) 0.778
Cardiac surgery, N (%) 1,466 (49.5) 1,722 (51.7) 1,826 (47.3) 1,980 (47.6) 2,269 (44.3) <0.001
Open surgery, N (%) 1,456 (49.2) 1,705 (51.2) 1,760 (45.6) 1,828 (44.0) 2,042 (39.9) <0.001
VATS, N (%) 0 (0.3) 7 (0.5) 66 (1.7) 152 (3.7) 227 (4.4) <0.001
Simultaneous CABG, N (%) 87 (2.9) 100( 0) 87 (2.3) 115 (2.8) 103 (2.0) 0.007
Cox maze procedure, N (%) 192 (6.5) 216( 6.5) 216 (5.6) 148 (3.6) 175 (3.4) <0.001

VHD, valvular heart disease; VATS, video-assisted thoracoscopic surgery; CABG, coronary artery bypass graft; *, trends across

different years.

P<0.001), and an increase in congenital VHD (from 9.0%
to 12.3%, P<0.001), ischemic VHD (from 9.2% to 11.3%,
P=0.003) and degenerative VHD (from 8.8% to 14.5%,
P<0.001). The prevalence of autoimmune-mediated VHD
remained stable from 2009 to 2013, with a slight fluctuation
from 1.0% to 0.7% (P=0.158).

Distribution of etiologies for VHD among different age groups

Patients were divided into groups according to age, and the
prevalence of each VHD type was analyzed in the different
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groups (Figure 2). Congenital VHD accounted for 85.8%
of all patients younger than 15 years of age and its prevalence
decreased with age. Degenerative and ischemic etiologies were
rarely present in the <35 group. The prevalence of rheumatic
VHD increased progressively before the age of 35 (from 7.7%
to 73.6%), and then reached a plateau (from 71.8% to 73.6%)
in the 35-45 and 45-55 groups, subsequently decreasing
after the age of 55 (from 71.8% to 2.9%). The prevalence of
ischemic VHD increased after the age of 45, similar to that of
degenerative VHD, which increasingly predominant after the
age of 65 (from 28.5% to 73.2%).
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Figure 1 Distribution of etiologies for VHD according different
years in patient of Southern China. A relatively definitive etiology
for VHD was identified in 13,549 (69.7%) patients. There were
significant decrease in the prevalence of rheumatic VHD (from
42.8% to 32.8%, P<0.001) and infective VHD (from 3.5%
to 2.2%, P<0.001), and an increase in congenital VHD (from
9.0% to 12.3%, P<0.001), ischemic VHD (from 9.2% to 11.3%,
P=0.003) and degenerative VHD (from 8.8% to 14.5%, P<0.001).
The prevalence of autoimmune-mediated VHD remained stable
from 2009 to 2013, with a slight fluctuation from 1.0% to 0.7%
(P=0.158). VHD, valvular heart disease.

Changes in the management of VHD firom 2009 to 2013

From 2009 to 2013, the proportion of patients with VHD
undergoing open cardiac valvular surgery decreased (from
49.5% to 44.3%, P<0.001) and that of patients treated with
general medication increased (from 49.2% to 54.1%, P<0.001).
The number of patients treated by VAT increased significantly
in this period (from 0.3% to 4.4%, P<0.001). As alternative
methods to open cardiac valvular surgery, interventional balloon
valvuloplasty and VAT'S were performed in patients with mild/
moderate VHD. In-hospital mortality decreased progressively
from 2009 to 2013. Further analysis of the methods of cardiac
valvular surgery showed an increasing tendency in aortic
mechanical valve replacement (from 32.1% to 34.5%, P=0.001)
and double mechanical valve replacement (from 20.9% to
22.3%, P=0.035), especially in mitral valvuloplasty (MVP) (from
8.5% to 15.7%, P<0.001). However, the proportion of patients
undergoing bioprosthetic valve replacement decreased from
2009 to 2013 (from 26.3% to 15.5%, P<0.001).
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Figure 2 Distribution of etiologies for VHD according different
age in patient of Southern China. Congenital VHD accounted for
85.8% of all patients younger than 15 years of age and its prevalence
decreased with age. Degenerative and ischemic etiologies were
rarely present in the <35 group. The prevalence of rheumatic
VHD increased progressively before the age of 35 (from 7.7% to
73.6%), and then reached a plateau (from 71.8% to 73.6%) in the
35-45 and 45-55 groups, subsequently decreasing after the age
of 55 (from 71.8% to 2.9%). The prevalence of ischemic VHD
increased after the age of 45, similar to that of degenerative VHD,
which increasingly predominant after the age of 65 (from 28.5% to
73.2%). VHD, valvular heart disease.

Discussion
Main findings

The main findings of the present study were as follows:
(I) although the prevalence of rheumatic VHD decreased
significantly from 2009 to 2013, it remained the leading
etiology for VHD in Southern China, especially in VHD
patients aged 35 to 55 years; (II) from 2009 to 2013, the
prevalence of degenerative and ischemic VHD increased
significantly whereas that of rheumatic VHD decreased.
The prevalence of degenerative VHD increasingly
predominant after the age of 65; (III) cardiac valvular
surgery was the main treatment for VHD besides general
medication. The proportion of patients undergoing VATS
increased significantly from 2009 to 2013. Mechanical valve
replacement (in particular aortic valve and double valve
replacement) and mitral valvuloplasty showed a significant
increasing tendency during this period.
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Potential reasons for shifts in morbidity and etiological
spectrum of VHD

These findings might be mainly relevant considering
the socioeconomic development and improvements in
quality of life, as well as an increasing aging population.
In developing countries, a rheumatic etiology of VHD is
prevalent (2), whereas in developed countries, degenerative
VHD predominates and is found in 63% of patients (4).
The prevalence of rheumatic VHD was reported at 72% in
2006-2007 in a South African center (5). In a recent survey
in Turkey that included 1,300 patients hospitalized in
42 centers in 2009, rheumatic VHD accounted for 46%
of all VHD patients with mean age of 57 (6). However,
rheumatic VHD as second cause of VHD was present
in only 22% of patients according to an European
epidemiological survey (7). Risk factors for rheumatic
etiology are largely associated with a sustained incidence of
acute rheumatic fever and socioeconomic status, including
the influence of famine, overcrowding, an unhealthy living
environment, other communicable diseases, and even
war (8). Due to the superior social and economic status
and favorable living environment found in Guangdong
compared to the rest of China, the prevalence of rheumatic
VHD is decreasing progressively, although it is still present
in 32.8% of patients, especially in those aged 35 to 55 years.

The surgical databases of developed countries show an
increasing burden of VHD in Europe (9), the United States (10)
and Canada (11), which is correlated with the predominance
of an aging population and degenerative etiology. In the Euro
Heart Survey, degenerative etiology was the leading cause
of VHD in 63% of patients instead of rheumatic VHD (12).
With the improvement of economic conditions and quality
of life as well as average lifespan in Guangdong province, the
prevalence of degenerative VHD increased from 8.8% in
2009 to 14.5% in 2013, and showed a marked increase after
the age of 65. A similar tendency was observed in ischemic
VHD, which increased from 9.2% to 11.3%, and in patients
older than 45. The shift from rheumatic towards degenerative
etiology accounts for the sustained prevalence of VHD and
changes in patients’ characteristics; however, this shift is mainly
observed in developed countries and relatively rich developing
countries such as China.

Possible causes for changes in the management of VHD

VHD patients are usually elderly and often present with a high
operative risk or relative/absolute contraindications for cardiac
surgery, especially considering the aging population and an
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increasing prevalence of degenerative VHD. Therefore,
most patients are ineligible for open cardiac valvular surgery.
In contrast, VATS is associated with less trauma, a faster
postoperative recovery and better tolerance than classic open
cardiac valvular surgery. Consequently, VATS is being widely
popularized in clinical practice. Currently, patients choose
general medication and VATS over open cardiac valvular
surgery. The baseline characteristics showed a significant shift
from bioprosthetic valves to mechanical valves from 2009 to
2013. Although long-term anticoagulant treatment and elderly
patients at high risk of bleeding might restrict mechanical
valve implantation, increasing mechanical valves were still
implanted from 2009 to 2013, especially aortic and double
valves. By contrast, the limited valvular lifespan and possibility
of re-operation could be associated with the decrease in
bioprosthetic valve implantation from 2009 to 2013 (13).
Furthermore, the high cost of repeat operations increases
the economic burden for patients. In the present study,
valvuloplasty mainly included the mitral and tricuspid valves,
and mitral valve valvuloplasty was performed at an increasing
rate from 2009 to 2013. According to the 2014 AHA/ACC
guidelines for the management of patients with VHD, MVP
is recommended with Ila class in asymptomatic patients with
chronic severe primary mitral regurgitation with preserved left
ventricular function (14). The shift of MVP is consistent with
the current guidelines (Zable 3).

The prevalence of valvular interventional therapy did
not change significantly between 2009 and 2013. Although
transcatheter aortic valve implantation (TAVI) and
percutaneous edge-to-edge repair as new interventional
techniques have expanded the range of valvular interventions,
their application is confined to patients who are ineligible
or at high risk for cardiac surgery and who were likely to be
denied cardiac surgery (15,16). However, the development of
interventional techniques will likely result in an expansion in
the indications for valvular interventional therapy.

Limitations

The main limitation of the present study is that the findings
are mostly based on a regional single center database.
Therefore, regional multicenter epidemiological surveys are
needed to reduce selection bias and confirm these findings.

Conclusions

Despite a significant shift from rheumatic towards
degenerative etiology from 2009 to 2013, rheumatic VHD
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Table 3 Characteristics of cardiac valvular surgery method from 2009 to 2013

Cardiac valvular surgery method 2009 (N=1,466) 2010 (N=1,722) 2011 (N=1,826) 2012 (N=1,980) 2013 (N=2,269) P value®

Valvuloplasty, N (%) 990 (67.5) 1,187 (68.9) 1,186 (65.0) 1,214 (61.3) 1,586 (69.9) 0.921
Mitral valve, N (%) 125 (8.5) 186 (10.8) 198 (10.8) 237 (12.0) 357 (15.7)  <0.001
Aortic valve, N (%) 26 (1.8) 26 (1.5) 30 (1.6) 28 (1.4) 47 (2.1) 0.450
Tricuspid valve, N (%) 834 (56.9) 971 (56.4) 955 (52.3) 946 (47.8) 1,177 (51.9)  <0.001
Pulmonary valve, N (%) 5(0.3) 4(0.2) 3(0.2) 3(0.2) 5(0.2) 0.498

Mechanical valve replacement, N (%) 1,172 (79.9) 1,265 (73.5) 1,434 (78.5) 1,576 (79.6) 1,831 (80.7) 0.002
Mitral valve, N (%) 700 (47.7) 769 (44.7) 864 (47.3) 913 (46.1) 1,037 (45.7) 0.524
Aortic valve, N (%) 471 (32.1) 491 (28.5) 564 (30.9) 659 (33.3) 783 (34.5) 0.001
Double valve, N (%) 307 (20.9) 314 (18.2) 370 (20.3) 411 (20.8) 506 (22.3) 0.035
Tricuspid valve, N (%) 1(0.1) 5(0.3) 6 (0.3) 4(0.2) 0(0.2) 0.096
Pulmonary valve, N (%) 0(0) 0 (0) 0 (0) 0(0) 1(0) 0.317

Bioprosthetic valve replacement, N (%) 385 (26.3) 478 (27.8) 332 (18.2) 387 (19.5) 351 (15.5) <0.001
Mitral valve, N (%) 214 (14.6) 257 (14.9) 162 (8.9) 189 (9.5) 179 (7.9) <0.001
Aortic valve, N (%) 128 (8.7) 175 (10.2) 131 (7.2) 151 (7.6) 127 (5.6) <0.001
Double valve, N (%) 66 (4.5) 100 (5.8) 64 (3.5) 67 (3.4) 59 (2.6) <0.001
Tricuspid valve, N (%) 42 (2.9) 45 (2.6) 37 (2.0) 47 (2.4) 42 (1.9) 0.047
Pulmonary valve, N (%) 1(0.1) 1(0.1) 2 (0.1) 0 (0) 3(0.1) 0.671

* trends across different years.

remains the leading etiology in Southern China, with a
significant increase in the prevalence of ischemic, congenital

and degenerative VHD. General medication and cardiac 3.

valvular surgery remain the main treatment options. The
proportion of VATS increased markedly from 2009 to 2013,

and mechanical valve replacement and mitral valvuloplasty 4.

showed an increasing tendency.
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