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Abstract: Background: With the decline of birth population and the development of medical technology in China, studies assessing how these changes have affected the adoption of congenital heart disease surgery at the national or regional scale are lacking. Methods: We investigated the status of congenital heart surgery in China in the period from 2017–2022, through investigation of the total rates of cardiac surgeries, cardiopulmonary bypass (CPB), adult congenital heart surgeries (CHS), and pediatric CHS (<18 years old), as recorded by the Extracorporeal Circulation Branch of the Chinese Society of Biomedical Engineering. Subsequently, we evaluated correlations between these factors with economic, demographic, and other factors. Results: From 2017 to 2022, the total number of cardiac operations increased from 230,772 to 263,292, representing an increase of 14.09% over 6 years; the CHS dropped from 76,365 to 68,940 (10.19% decrease), and the proportion of CHS in the total cardiac surgeries dropped from 33.26% to 26.18% (7.08% decrease). Finally, cases of pediatric CHS decreased from 61,825 to 38,174 (38.25% decrease). The annual percentage change (APC) of the total amount of pediatric CHS cases was –10.03 (–15.95 to –3.69, p = 0.013). Adult CHS increased from 14,940 to 30,766 (105.93% increase). The proportion of adult CHS cases of the total number of cardiac surgeries increased from 6.47% to 11.68% (5.21% increase). From a regional perspective, the APC for the proportion of pediatric CHS in the local population was generally lower in western China. The proportion of CHS in the local population generally decreases from the north to the south, although the lowest incidence is found in the northeast region. Conclusions: Due to demographic changes, medical technology and economic factors, the number of surgical operations for congenital heart disease (CHD) in children decreased significantly from 2017 to 2022, and may decline further in the future. Nevertheless, in the same period, a significant increase in the number of operations for CHD in adults was observed, which brings new opportunities and challenges to the development of congenital cardiac surgery and cardiac critical care.
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	CHS
	Congenital heart surgeries



	CPB
	Cardiopulmonary bypass



	APC
	Annual percentage change





1  Introduction

The birth rate in China decreased from 12.64% in 2017 to 6.77% in 2022 (https://data.stats.gov.cn/) (accessed on 30 September 2024). This drastic change in population demographics has inevitably had an important impact on the incidence, diagnosis, and treatment of congenital malformation-related diseases. In addition, the extensive development of modern prenatal screening and catheterization techniques, has also had a profound impact on congenital heart surgeries (CHS) [1,2]. Nevertheless, studies assessing how these changes in demography and technology have affected the adoption of CHS at the national or regional scale are lacking. Therefore, the present study aimed to investigate the status of cardiac and congenital heart surgeries in various regions of China from 2017 to 2022, using data from the Extracorporeal Branch of the Chinese Society of Biological Engineering, which has long collected data on cardiac surgery from hospitals at all levels [3]. We characterized the development track of CHS at this stage in China, and prospectively investigated the possible development direction of CHS.

2  Methods

2.1 Study Sites

From 2017 to 2022, 693–728 hospitals that perform heart surgery in China were selected as the study sites, respectively. The hospitals included are tertiary hospitals, including some secondary hospitals that perform heart surgery in various regions of the country.

2.2 Data and Calculations

We analyzed the trends in CHS based on the annual rates of cardiac surgeries, cardiopulmonary bypass (CPB), adult CHS, and pediatric CHS, as recorded by the Extracorporeal Circulation Branch of the Chinese Biomedical Engineering Society for 2017–2022. The data was subsequently compared between the seven representative regions of China: North China (Beijing, Tianjin, Hebei, Shanxi, Inner Mongolia), Northeast (Heilongjiang, Jilin, Liaoning), Northwest (Xinjiang, Qinghai, Gansu, Ningxia, Shaanxi), East China (Shandong, Jiangsu, Anhui, Zhejiang, Jiangxi, Fujian, Shanghai), South China (Guangdong, Guangxi, Hainan, Hong Kong), Southwest (Sichuan, Chongqing, Yunnan, Guizhou, Xizang), and Central China (Hunan, Hubei, Henan). The data for this study comes from a survey questionnaire provided by hospitals at all levels across the country and does not involve the ethical statement and approved body institution.

The proportions of Extracorporeal Circulation (%) were calculated as the number of CPB surgeries divided by the total number of cardiac surgeries, the congenital heart disease (CHD) surgery (%) as the number of CHS procedures divided by the total number of cardiac surgeries, and the Child CHD surgery (%, patients <18 years) as the number of pediatric CHS procedures divided by the total number of cardiac surgeries.

2.3 Statistical Analysis

In the descriptive analysis, we assessed the number of CHS and their corresponding proportions from 2017 to 2022. Joinpoint regression analysis (Joinpoint Regression Program, version 5.2.0; National Cancer Institute, Bethesda, MD, USA) was further performed to examine temporal trends in CHS. Separate analyses were conducted based on region and age group. Based on the national population statistics from 2017 to 2022 (https://population.gotohui.com/) (accessed on 30 September 2024), the proportion of CHS relative to the total population in each region, as well as the proportion of surgeries among children aged under 18 years, were plotted in heatmaps. Descriptive graphs were generated using GraphPad Prism software (version 10.1.0; GraphPad Software, San Diego, CA, USA). A two-sided p < 0.05 was considered statistically significant.

3  Results

3.1 Total Number of Cardiac Surgeries in China

3.1.1 Total Number of Cardiac Surgeries

From 2017 to 2022, the number of cardiac operations in China gradually increased, although this trend was affected by the COVID-19 pandemic (Fig. 1). In total, there were 263,292 cases in 2022 compared with 230,772 in 2017, representing an increase of 14.09% over 6 years.
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Figure 1: Total number of CHS in China from 2017 to 2022, by age and type of surgery

3.1.2 Total Number of CPB Surgeries

The total number of CPB operations in 2017 and 2022 was 164,201 and 159,949, respectively, representing a 2.59% decrease. However, there were 176,496 surgeries in 2021, representing an increase of 7.49% compared to 2017, owing to the greater impact of the COVID-19 pandemic in 2022. Overall, the trend in CPB surgeries was almost uniform, with only a slight upward trend. However, the proportion of total CPB surgeries from the total number of cardiac surgeries decreased annually, from 71.15% in 2017 to 60.75% in 2022 (Fig. 1).

3.1.3 Total Number of CHS

The number of CHS procedures decreased from 76,365 in 2017 to 68,940 in 2022, representing a decrease of 10.19%, with an average annual decline of 1.7%. The annual percentage change (APC) was –2.86 (–7.83 to 2.37, p = 0.199) (Figs. 1 and 2). The proportion of CHS in total cardiac surgeries decreased from 33.26% to 26.18% (7.08% decrease).
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Figure 2: The temporal trends in CHD surgeries and pediatrics CHD surgeries in China from 2017–2022 (APC = annual percentage change; CHD = congenital heart disease)

3.1.4 Total Number of Pediatric CHS

The number of pediatric CHS dropped from 61,825 in 2017 to 38,174 in 2022, representing a decrease of 38.25%, with an average annual decrease of 6.38%. The proportion of pediatric CHS in CHS decreased from 80.54% in 2017 to 55.37% in 2022, representing an annual decrease of 4.20%, with an APC of –10.03 (–15.95 to 3.69) (p = 0.013). This downward trend was more obvious than the annual decline in the number of operations for CHD (p < 0.001) (Figs. 1 and 2).

3.1.5 Total Number of Adult CHS

The number of adult CHS cases increased from 14,940 in 2017 to 30,766 in 2022, representing an increase of 105.93%, with an average annual increase of 17.66%. The proportion of adult CHS in CHS also increased from 19.46% in 2017 to 44.63% in 2022, representing an increase of 25.17%.

3.2 Comparative Analysis of Surgery Rates across Different Regions

3.2.1 Total Number of CHS Procedures in Different Regions

Between 2017 and 2022, the total number of CHS performed varied in each region (Fig. 3), showing decreases of 35.86%, 18.19%, and 8.16% in North, South, and East China, respectively, and increases of 7.78% and 3.39% in Northwest and Southwest China, respectively. Central and Northeast China showed comparable rates of between –1% and –3%.
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Figure 3: Regional differences in congenital heart disease surgeries in China (2017–2022)

3.2.2 Proportions of CHS in Cardiac Surgeries in Different Regions

Between 2017 and 2022, the proportion of CHS in cardiac surgeries declined in all seven regions (Fig. 3). South China, North China, Central China, Southwest China, and East China showed declines of 10.63%, 9.42%, 8.22%, 7.38% and 6.73%, respectively. Conversely, Northeast and Northwest China decreased less, by 2.06% and 0.69%, respectively.

3.2.3 Proportions of Pediatric CHS in Cardiac Surgeries in Regions

Between 2017 and 2022, the proportion of pediatric CHS cases declined significantly in all seven regions. Central, South and Northwest China decreased by 15.88%, 14.28% and 13.79%, respectively. While the Southwest and Northeast China declined more slightly, falling by 9.88% and 9.03%, respectively. The other two regions declined by 10%–12%.

3.2.4 Proportions of Adult CHS in Cardiac Surgeries in Regions

Between 2017 and 2022, the proportion of adult CHS in cardiac surgeries increased in all seven regions. Northwest China rose the most, from 17.99% to 30.09%, an increase of 12.1%. North, Southwest, and South China showed relatively small increases of 1.1%, 3.50%, and 3.65%, respectively. The other two regions showed increases of 5%–8%.

3.3 CHS Rates in Regions

The proportion of CHS per 1000 individuals was highest in Northwest China, and lowest in Northeast China (Fig. 4). Excluding Northeast China, the ratio decreased from north to south; however, the ratio was lowest for both adults and children in Northeast China.
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Figure 4: Temporal and regional differences in CHS per 1000 individuals in China (2017–2022)

Overall, the trends in APC (Fig. 5A) revealed that the proportion of CHS showed some differentiation among the local populations. Indeed, the downward trend was more obvious in North and South China, where the APCs were –7.54 (p = 0.035) and –4.79 (p = 0.083), respectively. There were no significant differences in the trends of the other five regions.
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Figure 5: APC in CHS per 1000 individuals in different regions in China (2017–2022). (A) CHS; (B) pediatric CHS (*values meet statistical significance)

The proportion of pediatric CHS decreased in most areas (p < 0.01, Fig. 5B); however, there was no statistical difference in the APCs in Northwest and Southwest China.

4  Discussion

During the study period, the number of births in China declined from 17.23 million in 2017 to 9.56 million in 2022 (https://data.stats.gov.cn/), representing a total decline of 44.52%, with an annual decline of 7.42%. This change in birth status affects the trends in the diagnosis and treatment of pediatric congenital diseases. Based on data from 2017 to 2022, this study reviewed the development track of CHS in China at this stage, provided speculation regarding the possible developmental direction of CHS, and provided a reference for the formulation of corresponding policies.

From 2017 to 2022, both the total number of pediatric CHS and the proportion of pediatric CHS among all cardiac surgeries decreased significantly, in a manner directly related to the sharp decline in the national birth rate, as well as the increasing popularity of fetal heart ultrasound screenings under the national eugenics policy and the widescale adoption of modern interventional techniques [1,2]. Accordingly, we hypothesized that the number of pediatric CHS may decline further in the future.

Conversely, the number of adult CHS increased significantly. Owing to the initially limited diagnosis and treatment capabilities, children with complex CHD were unlikely to survive to adulthood. Fortunately, improvements in clinical techniques have increased the long-term survival rates to >90% following surgical treatment [4–7]. In the United States, approximately three of every 1000 adults have CHD [8], with an estimated 1 and 1.2 million adult cases of CHD in the United States and Europe, respectively [9]. Although data on the adult CHD populations in China are limited, from the significant increase in the number of surgeries observed in the present study, we concluded that this population is increasing rapidly, and will continue to do so [10].

A considerable number of adult patients with complex CHD following surgery require two or more operations, owing to early palliative surgery, heart valve regurgitation, left and right ventricular outflow tract obstruction, progressive ventricular dilatation and dysfunction, and exercise intolerance [11]. Shanghai Children’s Medical Center and other specialized pediatric institutions have extended the age of patients for continuous treatment from 18 to 35 years, to optimize treatment outcomes. Given the prevalence of complex CHD, poor maintenance of cardiac function, and the large number of patients with single ventricular physiological circulation after palliative surgery, such as Fontan, heart failure is inevitable in some patients [11]. These patients must receive mechanical circulatory support, or a heart transplantation [12–14]. The pathophysiological characteristics of adult patients with CHD commonly differ from those of children, and the risk of pulmonary hypertension is higher [15]. Total heart failure is the final progression of right heart failure caused by pulmonary hypertension. The emergence of Eisenmenger syndrome is associated with severe cyanosis and disease [16–18]. General treatment for patients with pulmonary hypertension primarily includes supportive and targeted drug therapy; however, for patients with severe pulmonary hypertension and poor responses to targeted drug therapy, treatment is limited to palliative measures, such as Potts surgery, lung transplantation, or combined heart-lung transplantation [19,20]. Overall, the considerable annual increase in the number of adult patients with CHD requires the coordinated action of clinical institutions and relevant national departments to produce and share more data, and to formulate representative policies to facilitate present and future action.

Based on the APC trend observed in this study, the number of operations in children with CHD has shown a significant downward trend. However, regional analysis showed that the total number of operations for CHD in the western region did not decrease in the past six years, instead increasing slightly. The decline in the annual change of the proportion of CHS in the local population was even smaller in the western regions. The decline of the proportion of CHS in cardiac surgeries was also low in the northwest region, while the proportion of adult CHS in cardiac surgeries has increased the most in the northwest region over the past six years. These results may be related to the economic development of the western region. As the economy continues to develop, the reservoir of CHD patients in the less developed areas of the western regions has increasingly been able to access surgery. However, if the current situation is caused by a relative time lag, as many CHD patients are gradually treated, the number of CHS procedures may decline further in the next few years.

Except for the northeast region, in the other six regions, the proportion of CHS in the local population, whether in adults or children, generally decreased from north to south. This trend reflects the status of the regional economies, which are strong in the south and relatively weak in the north. In economically developed areas, due to the lower birth rate, prenatal heart ultrasound screening is carried out earlier and more thoroughly, interventional technology is applied earlier and more widely, the stock of patients is lower, and the proportion of CHS in the local population is also lower.

In terms of the proportion of CHS in the local population, the northeast region was the lowest for both adults and children. The main reason for this may be the high rates of emigration of the registered residence population in the three northeastern provinces [21], leading to a low birth rate of the local population. In addition, cross-regional surgery for CHD patients in Northeast China may also be one of the influencing factors.

Based on the fact that the national birth population continues to decline, while prenatal screening is actively promoted under the national policy of eugenics, the number of CHD operations for children has declined; it will also have a different impact on the incidence rate and disease spectrum of congenital malformations for the whole population, and may affect the medical status of pediatrics.

This study has some limitations. Firstly, the data collected were only related to CHS, the number and annual changes in interventional procedures in the cardiology departments are unknown, and data on the types of heart diseases are not clear. Therefore, our findings only reflect the general trends in heart surgery, and thus require further validation with more complete data and robust analytical approaches. In addition, cross-regional surgery data are needed, as these may bias the regional results.

5  Conclusions

In recent years, although the number of cardiac surgeries in China has been increasing, the number of surgical operations in children with CHD has declined significantly. With the continuous decrease in the number of births and the increasingly widespread use of prenatal fetal ultrasound and intervention techniques, this rate may further decrease. However, we observed an obvious upward trend in the number of CHS in adults, which also brings new opportunities and challenges to the development of cardiac surgery and cardiac critical care.
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