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Background: A provincial program combining the effect of a government investment in prenatal screening and a specialized cardiac center was introduced in 2004, to improve prenatal diagnosis by echocardiography for congenital heart diseases (CHDs) in the Guangdong Registry of Congenital Heart Disease, China.

Objectives: To evaluate the effects of this program on the prenatal diagnosis rate (PDR) by echocardiography and termination of pregnancy (TOP).

Methods: A retrospective study from 2004-2015 included 9782 fetuses and infants diagnosed with CHDs. The PDR was calculated for major and minor CHDs during pre-, mid- and post-program time-intervals. Multivariable logistic regression was utilized to analyze the associations between program implementation and the timing of CHD diagnosis (prenatal vs. postnatal) by different hospital levels. The rate for TOP were also evaluated.

Results: The PDR increased by 44% for major CHDs in the post-program interval relative to the pre-program interval. The three most frequently diagnosed subtypes prenatally were hypoplastic left heart syndrome (84%), double outlet right ventricle (83%) and severe pulmonary stenosis (82%). Participants with a high school education experienced a greater increase in PDR than those without a high school education. The odds for a prenatal vs. a postnatal diagnosis for major CHD were greater after introduction of the program than before (adjusted odd ratio= 20.95, 95% CI:2.47, 178.06 in secondary hospitals; and adjusted odd ratio=11.65, 95% CI:6.52, 20.81 in tertiary hospitals). The TOP rate decreased from 52.3% pre-program to 19.6% post-program among minor CHD fetuses with a prenatal diagnosis (P for trend =0.041). A lower proportion of TOP were attributed to minor CHDs after the program.

Conclusions: The program combining the advantages of government investment and a specialized cardiac center appeared to increase the PDR by echocardiography for CHDs in an unselected population. The TOP rate among minor cases with prenatal diagnosis declined significantly after implementation of the program.
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INTRODUCTION

Congenital heart diseases (CHDs) remain the most common congenital malformations, with a global incidence of 6-12/1000 live births (1). CHDs account for 46% of all deaths due to congenital malformations and 3% of all infant deaths (2). ~20–30% of CHDs are “major”, defined as potentially life threatening and requiring surgery within the first year of life. Timing of diagnosis is a crucial factor for the prognosis of major CHD (3–5). Prenatal diagnosis of CHD can lead to timely delivery of medical treatment that may improve clinical outcomes and decrease neonatal morbidity and mortality (6). Over the past two decades, a great deal of emphasis has been placed on prenatal echocardiographic screening for CHDs, increased provider training, and establishing a national screening program (7).

Guangdong Cardiovascular Institute in Guangdong, China, initiated a program for improving the early diagnosis of CHDs with the support of the provincial government in 2004. Government policies promoted screening for congenital abnormalities, provincial networking, and professional training to improve detection, with the aim to improve CHD detection. Before 2006, sparse resources and few skilled ultrasonographers limited ultrasound screening for fetal abnormalities to evaluate obstetric complications or other high-risk pregnancies (8). However, many CHDs occur among “low risk” populations, mothers without known risk factors (9). Therefore, population-based CHD screening strategies have grown worldwide. Therefore, with the support of the provincial government, Guangdong Cardiovascular Institute established the Guangdong Registry of CHD (GRCHD) in 2004. The GRCHD provides professional education and training in early CHD diagnosis, and to offer medical priority for diagnosis to major cases, also to streamline CHD reporting across a network of 40 hospitals in Guangdong province.

In this report, we primarily aimed to assess the impact of the GRCHD program on the prenatal detection rate (PDR) and timing of diagnosis for CHDs, in an unselected population. We also examined the influence of the program on the termination of pregnancy (TOP) in the GRCHD.



MATERIALS AND METHODS


Provincial Improving Program for Early Diagnosis of CHD

The provincial improving program included three major components and was summarized into “4P” Mode (Supplementary Figure 1):


Professional and Place

The specialized cardiac center, Guangdong Cardiovascular Institute, established and maintained a network of GRCHD across the province with the support of the Guangdong Department of Health, since 2004, aiming to unify the diagnosis and treatment of CHD. The network included the largest local hospitals and maternal and child care centers from various geographic areas across Guangdong province. Beginning with 19 surveillance sites at inception, the network gradually expanded to 39 sites in 20 cities at present, including primary, secondary, and tertiary hospitals (10, 11). The surveillance sites screen women and diagnose CHDs, which are reported to Guangdong Cardiovascular Institute in a standardized fashion. Guangdong Cardiovascular Institute, a specialized cardiac center in Guangzhou city, the provincial capital, is the coordinating and technical support center for the network. The coordinating center oversees the GRCHD, provides technical training, support, and quality control, and reports data to the Guangdong Department of Health. In addition, a CHD referral network ensures priority treatment for complicated and uncertain cases. Suspected CHDs are referred to Guangdong Cardiovascular Institute, where pediatric cardiologists validate the prenatal diagnosis; karyotyping is routinely recommended. After birth, newborns are evaluated by an obstetrician, pediatrician, or cardiologist before discharge, or within 72 h, to determine whether further investigation for potential CHD was required. All CHD cases are confirmed by B-mode echocardiography, cardiac catheterization, surgery, autopsy, or necropsy in the case of stillbirth. A 1-year followed up for the cases were conducted.



Promotion

Guangdong Cardiovascular Institute offers annual technical and standardization training on CHDs for staff from all network sites, including echocardiography knowledge and skills, fetal and infant cardiac anatomy, prenatal counseling, clinical management of CHDs, and intervention strategies. Completion of a 3-month intensive pediatric echocardiography in-service training program, offered by Guangdong Cardiovascular Institute, is required for the key echocardiographer from each network site. Guangdong Cardiovascular Institute also offers on-site and off-site technical consultation to network sites, provides timely feedback on referral cases, and helps improve diagnostic skills at lower-level facilities.



Policy

Government recommended the population to congenital abnormality screening. In 2006, the Guangdong Province Health Department formally recommended that all pregnant women receive routine ultrasound examination, including screening for fetal congenital anomalies, between 18 and 24 weeks of gestation (8). The recommendations for a basic cardiac examination included a 4-chamber view during prenatal ultrasound and, when technically feasible, views of the outflow tracts. Updated guidelines for prenatal ultrasound examinations by the Chinese Doctor Association, Council on Ultrasound (2012) also included views of three vessels when technically feasible (12). According to the updated recommendations, examination via fetal echocardiography is warranted for abnormal obstetrical ultrasound, the family history of CHD, maternal diabetes, or use of in vitro fertilization, in accordance with the practice guidelines for the performance of fetal echocardiography (13). Afterwards, some cities where the network sites located in across the province have initiated government-funded prenatal screening for congenital abnormalities beginning in 2008. Besides, Practice Guidelines for the Performance of Fetal Echocardiography in Guangdong Province was issued by the Guangdong Eugenics Association Council on Congenital Heart Diseases to guide the prenatal couseling on CHDs (14).




Study Design and Participants

This is a multicenter population-based descriptive study of livebirths and stillbirths from the GRCHD diagnosed with CHDs with ultrasound, with estimated dates of delivery from 2004-2015. The study was approved by the Ethics Committee of Guangdong Provincial People's Hospital (Reference number: GDREC2011135H). Patient consent were obtained.



Data Collection

All CHDs in newborns and stillbirths are reported to the national registry system for all birth defect. More detailed information obtained from hospital medical records is provided to the GRCHD. The GRCHD also obtains information from mothers through face-to-face interviews and a structured, standardized questionnaire on CHD risk factors as previously reported (10).



Case Subclassification

All CHD cases in the GRCHD were coded by two clinical epidemiologists, with more than 20 years of experience in pediatric and adult cardiology, based on the International Classification of Diseases, 10th Revision (ICD-10) (Q20.000-Q28.000). CHD was classified into major CHDs and minor CHDs based on previous reports with slight modification (15). Major CHDs included: (1) dextro-transposition of the great arteries (TGA); (2) hypoplastic left heart syndrome (HLHS); (3) pulmonary atresia (PA), with or without ventricular septal defect (VSD); (4) tetralogy of Fallot (ToF); (5) total anomalous pulmonary venous return (TAPVR); (6) tricuspid atresia (TA); (7) truncus arteriosus; (8) aorta defects, such as aortic coarctation, atresia/hypoplasia/interruption of the aortic arch, and severe aortic valve stenosis; (9) double outlet right ventricle (DORV), (10) Ebstein anomaly; (11) severe pulmonic stenosis; (12) single ventricle complex; and (13) complete and partial atrioventricular septal defect (AVSD). Minor CHDs included: (1) isolated septal defects, such as isolated VSD, isolated atrial septal defect (ASD), and a combination of VSD and ASD; and (2) all other specific defects. Those with only prenatal diagnosis of ASD as an isolated heart disease, preterm infants with isolated patent ductus arteriosus, cases with isolated patent foramen ovale younger than 1 year, and cases without specific diagnosis or only with mild valve lesions were not considered to be CHDs.



Data Analysis

The 12-year period was divided into three time-intervals, 1) 2004-2005, was defined as the “pre-program” interval, as there were no provincial CHD diagnosis data available before 2004; 2) 2006-2010, was defined as the “mid-program” interval; and 3) 2011-2015, was defined as the “post-program” interval. Characteristics of the participants, PDR, and timing of diagnosis were described for each CHD subtype by different intervals. The PDR was calculated as number of prenatal diagnosis cases divided by the total cases, for different CHD group (i.e., major CHDs or minor CHDs), CHD subtypes, and different program time intervals. P for trend was calculated by Cochran-Armitage trend test to estimate changing PDR trends during the different program time intervals. Multivariable logistic regression models were used to estimate the odds of a prenatal vs. postnatal diagnosis for major CHDs in the pre-program and mid-program/post-program intervals, stratified by different hospital levels. Factors adjusted in the multivariable regression was those highly related to the prenatal detection of CHDs, such as maternal age (>35 / ≤ 35 years), domestic migrant population (people moving from rural or undeveloped areas to Guangdong areas for work without permanent city residence; yes/no), maternal education (more than high school/completion of high school/less than high school), total previous live births (0/1/≥2), family history of CHD (yes/no), maternal diabetes (including pregestational and gestational diabetes, yes/no), multiple gestation (yes/no), infant sex (female/male), extra-cardiac defects or chromosomal abnormality (yes/no), and fetus with suspected cardiac abnormality on basic obstetric ultrasound (yes/no). The multiplicative scale of interaction was calculated by evaluating the product term for time-intervals or other factors and hospital levels. The statistical significance of the product term was determined by using the Wald statistic.

Missing data for maternal age (n = 486), domestic migration status (n = 112), maternal education (n = 46) or maternal previous live births (n = 43) were not imputed during analysis. Data were analyzed using SAS (v.9.3; SAS Institute, Inc., Raleigh, NC USA). Statistical tests were two sided with a significance level of P < 0.05.




RESULTS


Characteristics of CHD Cases

A total of 9782 cases were diagnosed with CHD, among 1046456 fetuses and infants during the study period (Table 1). Compared to the pre-program interval, CHD cases in the mid-program and post-program intervals were more likely to be a maternal age ≥35 years and nulliparous, and less likely to be domestic migrant population and education less than high school (P < 0.05). During the study period, an increasing number of diagnoses were made at secondary compared to tertiary hospitals. The proportion of CHD cases diagnosed by tertiary hospitals significantly decreased (P for trend <0.001) from 70% pre-program to 46% post-program, while the proportion of CHD cases diagnosed by secondary hospitals significantly increased (P for trend <0.001), from 29% pre-program to 51% post-program.


Table 1. Characteristics of congenital heart disease cases, 2004–2015.
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Time Trends of PDR by Echocardiography

Of 9782 CHD cases diagnosed from 2004-2016, 2184 (22%) were diagnosed prenatally. Of note, the PDRs for total CHDs and CHD subgroups increased over time (Figure 1). Overall, CHD PDR increased 17 percentage points from 9% pre-program to 26% post-program (P for trend <0.001). The major CHD PDR increased 44 percentage points (from 26% pre-program to 70% post-program, P for trend <0.001) an average increase of 4 percentage points per year. The minor CHD PDR increased 9 percentage points from pre-program (4%) to post-program (13%) (P for trend <0.001).


[image: Figure 1]
FIGURE 1. Trend for prenatal diagnosis rates for congenital heart diseases during pre-, mid- and post-program time intervals, by major and minor severity. CHD, congenital heart disease.




Prenatal Diagnosis by CHD Subtypes

Except for severe PS, all CHD subtypes experience dramatic increases in the PDRs (Table 2). The most significant PDR improvements were made for TA and aortic defects, with difference of more than 70% from the pre-program to the post-program intervals, followed by the ToF (60%), DORV (53%), PA (49%) and TGA (39%). Even with TAPVR, PDR increased by 32% throughout from the pre- program to the post-program intervals. The highest PDRs post-program were found for HLHS (84%), DORV (83%) and severe PS (82%). Almost half (49%) of TAPVR were detected prenatally. When stratified by the education level, we observed that the PDR improvement for major CHDs was most significant in participants completing education of high school, and then less than high school, and then higher than high school (Supplementary Figure 2).


Table 2. Prenatal congenital heart disease diagnoses, by subtype, 2004–2015.
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The times of prenatal and postnatal diagnosis also greatly advanced as shown in Figure 2. The median gestational week at prenatal diagnosis was 30 weeks pre-program and 25 weeks post-program for each specific subtype, with statistically significant differences for TGA, HLHS, ToF and SV (P for trend <0.001). Postnatal CHD diagnosis also advanced significantly (all P for trend <0.001), with most major post-program CHDs detected within three (TGA, PA, TAPVR, TA, PTA, aortic defect, and Ebstein anomaly) to seven days (HLHS, ToF and DORV) after delivery.


[image: Figure 2]
FIGURE 2. Timing of prenatal and postnatal diagnosis for major congenital heart defects. DORV Double Outlet Right Ventricle, HLHS Hypoplastic Left Heart Syndrome, PA Pulmonary Atresia, PDR Prenatal Detection Rate, PS Pulmonary Stenosis, TA Tricuspid Atresia, TAPVR Total Anomalous Pulmonary Venous Return, TGA D-Transposition of the Great Arteries, ToF Tetralogy of Fallot.




Odds of Prenatal Diagnosis for CHD in Different Time-Intervals and Population

To further elucidate the contribution of the provincial improving program to the advancing major CHD PDR, multivariable logistic regression was used to analyzed the odds of receiving a prenatal vs. postnatal diagnosis for major CHD in the different program intervals stratified by different hospitals. As shown in Figure 3, compared to cases in the pre-program period, major CHD cases in mid-program and post-program periods had higher odds of prenatal diagnosis. The increment of adjusted OR (aOR) by time-interval was strongest in the secondary hospitals (aOR=9.53, 95% CI: 1.11, 81.48 in mid-program period; and aOR=20.95, 95% CI:2.47, 178.06 in post-program period, respectively), and then the tertiary hospitals (aOR=4.51, 95% CI: 2.54, 8.03 in mid-program period; and aOR=11.65, 95% CI:6.52, 20.81 in post-program period, respectively). The interaction between time-intervals and hospital levels was statistically significant (P < 0.001). In addition, different level centers had particular factors associated with increased PDR (Supplementary Table 1). Factors interacted with hospital level included domestic migrant population, primiparous, female infant, and fetus with extra-cardiac/aneuploidy/genetic syndrome (P for multiplicative interaction <0.01). According to the performance guideline in the GRCHD (13), indicators for fetal heart screening include the presence of abnormal obstetrical ultrasound results, the presence of a family history of CHD, maternal diabetes, or use of in vitro fertilization, and so on. Except for the major CHDs, total CHDs and minor CHDs with these indicators were more easily to be detected prenatally (P < 0.001, Table 3). However, only about 8% of the cases had these factors, like the presence of abnormal obstetrical ultrasound results, the presence of a family history of CHD, maternal diabetes, or use of in vitro fertilization, and so on.


[image: Figure 3]
FIGURE 3. Multivariate logistic regression analysis for different time-interval associated with the prenatal diagnosis for major congenital heart diseases stratified by different hospital levels, 2004–2015. The multivariable models in different hospital stratification was adjusted by maternal age (>35 yrs and ≤ 35 yrs), domestic migrant population (yes/no), maternal education (more than high school/completion of high school/less than high school), total previous live births (0/1/≥2), family history of CHD (yes/no), maternal diabetes (yes/no), maternal hypertension (yes/no), infant sex (female/male), extra-cardiac/aneuploidy/genetic syndrome (yes/no), and fetus with suspected cardiac abnormality on basic obstetric ultrasound (yes/no). OR, Odds Ratio; CI, confidence interval.



Table 3. Prenatal CHD diagnosis rates by presence of additional CHD risk factors.
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Termination of Pregnancy

During the study period, the rate for TOP deceased from 40% pre-program to 30% post-program among total CHD fetuses with prenatal diagnosis (P for trend = 0.060), while the TOP rate dropped from 52.3% to 19.6% among minor CHD fetuses with prenatal diagnosis (P for trend = 0.041). The TOP attributed largely to major CHDs, progressively lower proportion of TOP were due to minor CHDs after the program (from 38% pre-program to 22% post-program, P for trend = 0.028, Figure 4).


[image: Figure 4]
FIGURE 4. The distribution of the indicators for termination of a pregnancy with a prenatal congenital heart disease diagnosis. BD, birth defect; CHD, congenital heart disease; PDR, prenatal detection rate; TOP, termination of pregnancy.





DISCUSSION


Main Findings

In this large population-based study, we found that implementation of a provincial improving program for the early diagnosis of CHDs was associated with greater CHD PDRs, and fewer pregnancy terminations resulted from minor CHD. Following program implementation, PDRs increased almost 50% for major CHDs, with 70% of major defects detected prenatally. Participants with a high school education experienced a greatest increase in PDR than those without a high school education. While major CHD subtypes continued to be terminated, termination of minor CHD subtypes diminished over time. To the best of our knowledge, this is the first large population-based study to investigate the effect of a regional program on CHD in China.



Interpretation


PDR Over Time and Subtype Detection

The largest increase in PDRs with the progress of the program, 2 years after the start of the improving program, which verified the effect of the program after a learning period for the ultrosonographers. Our findings were was consistent with previous studies of Netherlands, which reported the PDRs for severe CHDs (n = 1912) increased from 35.8% in 2002 to 59.7% in 2012 after the 2007 introduction of a national prenatal screening program (7). While the pre- and mid-program PDRs of major CHDs were lower in the current study than reported for developed countries, post-program PDRs were similar or exceeded rates from developed countries. For example, the post-program prenatal HLHS PDR in the current study (84%) was similar to the 87.9% reported in Massachusetts, and higher than the 50% reported for the multisite U.S. National Birth Defects Prevention Study (4, 16). In our study, the detection rate for TAPVR was higher than some studies from developed nations reporting no prenatally detected cases (15).

We also found a noteworthy advancement of gestational age diagnosis for prenatal CHDs after program implementation. The ~5 weeks of earlier prenatal diagnosis for major CHDs allows more time for the family to plan the delivery at a higher or specialized medical center, or to receive intervention in utero to prevent deterioration. For postnatal major CHDs diagnosed after program implementation, we also found a median diagnosis time 3 to 7 days earlier than pre-program which may allow for earlier and perhaps more effective treatment of very critical and severe lesions.



Role of The Provincial Improving Program on PDR Increase

Technical training and education is vital to improve the PDR. Fetal echocardiography, in experienced hands, has been reported to detect up to 90% of CHDs in low-risk population (9). However, given the spectrum and complexity of CHD pathologies, obstetrical ultrasound screening has a very low diagnostic yield (10%−26%) (17–19). Therefore, the standardized on-site and off-site training, that pediatric cardiologists provide to network hospital physicians and ultrasonographers, is important to improve the overall level of CHD diagnosis using ultrasound. The effectiveness of this technical training provided to network hospitals is supported by our results, which suggests a greater frequency of CHD cases reported by secondary hospitals in in the post-program interval, even exceeding the PDR of more specialized tertiary hospitals. And the multivariable logistic regression stratified by the hospital level further convinced that the improving program benefit the secondary and tertiary hospitals, and had significant public health implication.

Another important contributor was the inclusion of outflow tracts view and 3-vessels views, in addition to 4-chamber view, during prenatal ultrasound diagnosis. Theoretically, the 4-chamber view detects >50% of serious cardiac malformations when performed in mid-gestation. The addition of the outflow tracts and 3-vessel with trachea view increases sensitivity to as much as 90% (20–22). This can give explanation to our finding that, both PDRs with lesions visible and invisible on the 4-chamber view has significantly increased (Supplementary Figure 3). The gap between the two groups shortened, which implicated the detection of CHDs prenatally does not rely on the 4-chamber view.

Governmental recommendations are required to help allocate medical investment in congenital abnormalities screening, and standardized the clinicians daily work process. In addition, some cities across the region have initiated government-funded prenatal screening for congenital abnormalities beginning in 2008, which has likely boosted the number of low-risk pregnant mothers who have access to screening for cardiac defects. These not only benefited participants with high level education, and to a greater degree, also benefited those with high school education or less than high school.



Termination of Pregnancy

The TOP rate in our study population was much lower than that in Norther China (40% vs. 85%) (23). And notably, we were able to observe the TOP rate for minor case reducing to 19.6%, as well as fewer TOP attributing to minor CHDs post-program. We attribute these finding to the promotion of the improving program, which provided training not only on diagnosis skills, but also on standardized prenatal consultation. According to the Practice Guidelines for the Performance of Fetal Echocardiography in Guangdong Province (14), we strongly encouraged the family to give birth to the fetus with minor CHDs and defects that will have promising prognosis postnatally.

We also found that the overall and minor TOP rate for CHDs with prenatal detection in the current study was lower than our previously report about the specialized prenatal consultation service in our specialized center (40% vs. 58.1% for overall, 19.6% vs. 30.1% for minor CHDs) (24). The discrepancies were mainly due to different study population and design. The current study was population-based and demonstrate the “real world” data, validating the influence of the specialized prenatal consultation service in the generalized population.




Strengths and Limitations

This study is one of the few and the largest studies to report a provincial program to improve the PDR across the region. The long study period enabled assessment of the program by different time intervals, and the large number of cases size enabled evaluation of PDR by different CHD subtypes. Also, we evaluated the change for TOP rate by program progress. In addition, each CHD case was individually reviewed by two clinical epidemiologists trained in pediatric and adult cardiology. Similar to several previous studies (25, 26), our definition of major CHD required documentation of clinical severity in addition to ICD code.

However, there were several potential limitations of the study. First, the GRCHD is not a province-wide registry, only covering about 12% newborns from the whole province. Therefore, it could not capture all CHD cases from the province. However, the GRCHD included the largest local hospitals and maternal and child care centers from each city across Guangdong province, which have the capability of detecting CHD prenatally or in newborns. We think the GRCHD could represent the overall level for diagnosing CHD across the whole province. Moreover, there was no control group without any program implementation, or a parallel data set for comparison. An ongoing project using two parallel population-based cohorts with and without program implementation, is conducted in Zhongshan City, Guangdong Province, which is expected to shorten this limitation. Several other factors may contribute to improved PDR, including affordability, social insurance schemes, and access to healthcare in general. It was a limitation that we did collect these data to evaluate their influence. Furthermore, the influence of differences in diagnosis time on later mortality, morbidity, and quality of life of the affected babies is not currently available. The long-term follow-up for these CHD patients and prognosis evaluation is required, to validate the effect of prenatal diagnosis.




CONCLUSIONS

The results of this large multicenter study indicate that a program combining the advantage of government investment, and a specialized cardiac center is an effective means to improve the PDR of CHDs in an unselected population. The TOP rate among minor cases with prenatal diagnosis declined significantly with the program. We presume that similar programs will be effective for improving prenatal CHD diagnoses in other large Chinese provinces and in Asian countries with different levels of hospitals. Future studies will be necessary to evaluate the effectiveness of this approach in different populations.
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