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Objective: To conduct a comparative analysis of the complications and outcomes in pregnant women with and without congenital heart disease (CHD) in Beijing, China.

Methods: We compared pregnancy-related complications and outcomes experienced by women with and without CHD throughout 19,424 deliveries in Beijing Anzhen Hospital between 2010 and 2019, including cardiovascular and obstetric factors, fetal events, delivery methods, and other complications over a mean 5-years post-delivery follow-up period.

Results: There were 1,040 women with CHD (5.35% of all deliveries). Compared to women without CHD, these women had longer hospital stays (7.83 ± 4.65 vs. 4.93 ± 3.26 days) and a higher death rate (1.92 vs. 0.02%). They also had a greater risk of comorbidities, including pre-term delivery (odds ratio: 13.65 vs. 6.71), heart failure (odds ratio: 4.90 vs. 0.40), and arrhythmia (odds ratio 12.69 vs. 4.69). Pulmonary hypertension, New York Heart Association functional class III~IV, and no congenital heart disease surgery prior to pregnancy were associated with adverse events such as cesarean section, pre-term delivery, and heart failure. The fetuses of mothers with CHD were more likely to be born pre-term (odds ratio: 13.65 vs. 6.71) and have low birth weight (odds ratio: 8.56 vs. 4.36). Eleven infants (1.82%) born to mothers with CHD and four infants (0.64%) born to mothers without CHD were diagnosed with CHD.

Conclusions: Women with CHD generally increase maternal and infant risk during pregnancy and the perinatal period. Pulmonary hypertension, decrease in cardiac function, and no previous CHD surgery increase the risk in women with CHD. Greater attention should be paid to pregnant women with CHD and their fetuses, newborns.
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INTRODUCTION

Due to improvements in surgical techniques and the effectiveness of intensive care, more and more individuals with CHD reach adulthood (1). The number of adults with CHD is increasing every year, resulting in a significant increase in the number of pregnant women with CHD, thereby increasing the burden on the medical system (2). At the same time, the incidence of complications in fetuses and newborns of pregnant women with CHD may also be higher (3). Therefore, pregnancies in women with heart disease are considered high-risk, and more attention is being paid to pregnant women with CHD.

In 2007, Beijing Anzhen Hospital was designated as the Referral and Consultation Center of Pregnancy with Heart Diseases in Beijing. Many pregnant women with heart disease went to Beijing Anzhen Hospital for consultations and treatment. Some were also referred to this hospital because of heart complications during pregnancy, where CHD was the most common culprit. What needs illustration is that the vast majority of mothers were healthy.

There are few large sample studies on complications in pregnant women with CHD (4), and the effect of pregnancy on long-term health and the mechanisms that contribute to poor fetal and neonatal outcomes are poorly understood (5). Meanwhile, the influence of the following factors that may influence pregnant women or their babies are worthy of exploration: (1) the degree of pulmonary hypertension (PH); (2) New York Heart Association (NYHA) functional class; (3) whether or not an individual previously underwent CHD surgery; and (4) the severity of CHD. It is of significant importance to study the maternal complications associated with CHD to determine whether these women and their fetuses require additional medical care.

The aim of the current study was to compare the complications and outcomes in pregnant women with and without CHD. A comparative analysis of pregnant women with CHD was also conducted based on the following factors: (1) presence or absence of PH; (2) NYHA functional class III~IV versus I~II; (3) history of CHD surgery or not; and 4) the severity of CHD. Adverse events were also analyzed in women with CHD and their offspring.



MATERIALS AND METHODS


Study Design

Data of pregnant women with and without CHD were collected between January 1, 2010 and December 31, 2019. Study data on cardiovascular and obstetric characteristics, fetal events, delivery method, and other events during hospitalization were collected from the statistical office and information center of Beijing Anzhen Hospital. In order to avoid detection bias, we only analyzed complications that occurred from the last admission if the pregnant woman had several admissions. Hospital cost was calculated from the day of admission to the day of discharge, and this information was taken directly from the Inpatient Case Register. Some of the observational data were extracted from physical records or obtained by telephone interviews. Women who did not give birth (interruptions for medical reasons or abortions) were not included, as we could not obtain a full complement of data. A few pregnant women who visited our obstetrics department for early treatment but finally went to other hospitals for delivery were also excluded. Data of pregnant women who underwent surgery for other non-congenital heart diseases, such as rheumatic mitral valve disease requiring mitral valve replacement, were also excluded. The data collection flowchart is shown in Figure 1.


[image: Figure 1]
FIGURE 1. Flowchart of data collection for pregnant women with and without CHD.


Pregnant women with CHD and their offspring were followed up for more than 1 year after hospital discharge. Given that the workload would have been enormous if we followed up all women without CHD, we selected a random sample. The ratio between the two groups was about 1:1. Follow-up was conducted via telephone and outpatient visits. Information obtained on mothers included maternal death, PH, heart failure (HF), arrhythmias, activity limitations, and medical treatment. Information obtained on offspring included death, growth restriction, CHD, and mental developmental delay. We used the same methods during the follow-up after delivery as were used during pregnancy and delivery.



Definitions

A major adverse cardiac event was defined as a pregnancy-related complication in women with and without CHD. Cardiovascular complications included arrhythmias, HF, and thromboembolic events such as stroke and pulmonary embolism. Examined obstetric complications were hypertension during pregnancy, gestational diabetes, preeclampsia, pre-term delivery, hemorrhage, placental abruption, placenta previa, and prolonged pregnancy. Fetal complications of interest included fetal malformation, fetal distress, fetal death or stillbirth, and fetal growth restriction. Delivery events examined included cesarean section, induction, and artificial rupture of the membranes. Other comorbidities were respiratory/pulmonary diseases, systemic hypertension, hyperlipidemia, mental health, and neurologic/central nervous system diseases. We considered events such as HF, PH, pre-term delivery, and low birth weight to be of primary importance.

In order to avoid prevalence-incidence bias in our study, we considered PH as a concomitant disease rather than as a complication, given that many patients had pre-existing PH before pregnancy due to heart disease. PH was defined by an increase in invasively measured mean pulmonary arterial pressure ≥25 mmHg at rest. The diagnosis of PH was mostly made by echocardiography, and we also defined PH as an estimated pulmonary systolic pressure of more than 40 mmHg. The degree of PH was determined according to tricuspid regurgitation velocity and tricuspid cross valve pressure difference, and some of the patients underwent right cardiac catheterization. Most of the events, such as PH and Eisenmenger syndrome, were defined according to the european society of cardiology guidelines on CHD. HF was defined according to the european society of cardiology guidelines on acute and chronic heart failure. Obstetric/gynecological and pediatric events were also defined according to the guidelines. The cardiac functional class was graded according to NYHA. In addition, the severity of CHD was determined according to the description by Osteen et al. (5) (Supplementary Table 1).



Ethical Approval

All procedures performed in this study were in accordance with the ethical standards of the research committee of Beijing Anzhen Hospital affiliated with Capital Medical University and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. This study was approved by the research committee of Beijing Anzhen Hospital affiliated with Capital Medical University, who permitted the collection of data for audit and research purposes.



Statistical Analysis

Bivariable analyses were used to examine demographic differences between women with and without CHD. Standard deviations were reported for continuous variables, and the mean values were calculated. The chi squared test was used for categorical variables. The normality of the variables was analyzed using the Kolmogorov-Smirnov test and Shapiro-Wilk test. Logistic regression was used to calculate crude odds ratios and adjusted odds ratios (aORs) and the 95% confidence intervals for each comorbidity, as well as cardiovascular, obstetric, fetal, and delivery-related factors, and other events. Initially, we performed univariable analysis, and a multivariable logistic regression analysis was performed for variables with P < 0.1. For pregnant women with and without CHD, analyses of complications and outcomes were conducted. At the same time, analyses were conducted among pregnant women with CHD with or without PH, according to NYHA functional class, history of previous surgery, and severity of CHD. The subgroup analysis was adjusted for multiple comparisons using the Bonferroni correction method. For all analyses, statistical significance was assigned based on a p-value of < 0.05. Model fit was evaluated using deviance and Pearson's statistical tests. All statistical analyses were conducted using SPSS v. 22.0 (IBM-SPSS Statistics Inc., Chicago, IL) and R version 4.0.4 (R Foundation for Statistical Computing, Vienna, Austria).




RESULTS

A total of 19,424 deliveries occurring at Beijing Anzhen Hospital between January 1, 2010 and December 31, 2019 were included in this study. Among women admitted for delivery, 1,040 (5.35%) had a diagnosis of CHD. The most common type of CHD was atrial septal defect (32.88% of CHD deliveries) (Figure 2 and Supplemental Table 2). Patients came to the hospital from both urban and rural areas (Supplemental Table 3).
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FIGURE 2. Total number of pregnant women in Beijing Anzhen Hospital from 2010 to 2019, and the percentage of each CHD.


The most common complications and outcomes in pregnant women with CHD were PH (26.06%), pre-term delivery (13.65%), gestational diabetes (13.37%), hemorrhage (13.17%), arrhythmia (12.69%), and infants with low birth weight (8.56%). There were statistically significant differences between the two groups for most events, such as length of hospital stay (days) and death (Table 1).


Table 1. Demographic characteristics of women with and without CHD admitted for delivery, 2010 to 2019.
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Adverse Events in Pregnant Women With and Without CHD

The aORs for most obstetric events, cardiovascular events, delivery method, and fetal events such as placental abruption, pre-term delivery, HF, arrhythmia, cesarean section, growth restriction, and low birth weight, were significantly greater in pregnant women with CHD than in pregnant women without CHD. However, the aORs for some events, including fetal distress, gestational diabetes, and hemorrhage were significantly lower among pregnant women with CHD than among pregnant women without CHD. There was no difference in the risk of placenta previa, preeclampsia, or prolonged pregnancy between the two groups (Table 2).


Table 2. Adverse cardiovascular, obstetric, and fetal events experienced by women with and without CHD admitted for delivery.
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The probability of HF occurring in pregnant women with CHD was12.25times than HF in pregnant women without CHD (4.9 vs. 0.4%; P < 0.001). The probability of PH was 48.26 times higher in women with CHD (26.06 vs. 0.54%; P < 0.001). The probability of cardiac arrhythmia, pre-term delivery, low birth weight, and cesarean section was alsomuch higher in CHD group (all P < 0.001) (Figure 3).
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FIGURE 3. Adverse events in pregnant women with and without CHD.




Adverse Events in Pregnant Women With CHD by Subgroup (PH, NYHA, Surgery, Severity)

In women with CHD and PH, the aORs for pre-term delivery, HF, cesarean section, infant of low birth weight, and respiratory/pulmonary diseases were significantly greater than in pregnant women with CHD but without PH (all P < 0.05). Pregnant women with CHD and PH had significantly lower risk of artificial rupture of the membranes than women with CHD without PH (P < 0.05). There was no difference between the two groups in terms of the risk of other events. Compared to women without PH, in pregnant women with CHD and PH, the probability of pre-term delivery, low birth weight, and HF were much higher (all P < 0.001) (Table 3).


Table 3. Adverse cardiovascular, obstetric, and fetal events experienced by women with CHD admitted for delivery by presence of PH.
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Compared to pregnant women with CHD whose cardiac functional class was NYHA I–II, pregnant women with CHD whose cardiac functional class was NYHA III–IV had significantly higher aORs for pre-term delivery, preeclampsia, cesarean section, fetal growth restriction, infant of low birth weight, PH, and respiratory/pulmonary diseases. Compared to women with NYHA functional class I–II, the probability of pre-term birth, low birth weight, preeclampsia, growth restriction, PH, and respiratory diseases were much higher than in women with NYHA functional class III–IV (Table 4).


Table 4. Adverse cardiovascular, obstetric, and fetal events experienced by women with CHD admitted for delivery by NYHA.
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For the pregnant women with CHD who underwent CHD surgery, the risk of pre-term delivery, low birth weight, HF, cesarean section, and pulmonary hypertension were significantly lower than in pregnant women with CHD who did not undergo CHD surgery. There were no differences between the two groups in terms of the probability of the other events. The incidence of pre-term delivery, HF, PH were much higher in women with CHD who did not undergo CHD surgery compared to those who did (Supplementary Table 4).

There was no difference in the probability of most events between severe CHD patients and mild-moderate CHD patients. However, for women with severe CHD, the probability of gestational diabetes and PH was significantly lower than in pregnant women with mild-to-moderate CHD. The probability of infants being low birth weight was significantly greater than in pregnant women with mild-to-moderate CHD (Supplementary Table 5).

A total of 128 (12.3%) patients with CHD were administered diuretics during pregnancy. Eighty-two patients (7.9%) took digoxin during pregnancy. Depending on the severity of PH, one or more targeted drugs to reduce PH were prescribed, including sildenafil, tadalafil, vantavir, remodulin, and even nitric oxide. According to cardiac function, drugs used included dopamine, dobutamine, epinephrine, norepinephrine, milrinone, pituitrin, and levosimendan. Extracorporeal membrane oxygenation was applied postoperatively in three patients (0.3%) because of PH and HF; despite this, all three patients died due to multiple organ failure. In our data, there were four patients with embolism events (0.4%), so the rate of corresponding administration of anticoagulant drugs was high.



Follow-Up

There were 739 mothers with CHD who underwent follow-up for 5.21 ± 2.63 years after discharge, and the follow-up rate was 71.06%. Twenty-eight (3.79%) patients had HF, 89 (12.04%) patients had arrhythmia, five (0.68%) patients died after discharge, 147 (19.89%) patients had PH, 36 (4.87%) patients had activity limitations, and 41 (5.55%) patients were still taking medication because of PH or cardiac dysfunction. In terms of offspring, four (0.54%) infants died and six (0.81%) infants had growth restrictions on account of premature birth and low birth weight. Fourteen (1.89%) infants were born with CHD. One (0.14%) infant had mental developmental delay due to chromosomal problems and lack of oxygen during birth. The other mothers and offspring were in good health.

In the control group, 740 mothers without CHD were followed up for 5.37 ± 2.52 years after discharge. One (0.14%) mother suffered HF, 32 (4.32%) mothers had arrhythmia, no mothers died after discharge, two (0.27%) mothers had PH, one (0.14%) mother had activity limitations, and one (0.14%) mother was still taking medication because of primary PH and cardiac dysfunction. In terms of the offspring, no infants died, one (0.14%) infant had growth restriction on account of premature birth and low birth weight, four (0.54%) infants were born with CHD, no infants had mental developmental delay, and the other mothers and offspring were in good health (Figure 4).
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FIGURE 4. Follow-up of the mothers and their offspring.





DISCUSSION

The major findings of our study were as follows. First, pregnant women with CHD had a longer hospital stay, more hospitalizations, higher costs, a higher mortality rate, and a higher probability of complications than pregnant women without CHD. Second, in the subgroup analysis, PH, decreased cardiac function, and no prior surgical treatment for CHD further increased the risk of complications in pregnant women with CHD. Third, the fetuses of mothers with CHD were more likely to suffer complications than the fetuses of mothers without CHD. Fourth, the offspring of mothers with CHD seemed to be more likely to have CHD, facing growth restrictions and other problems from the beginning of life.

Pregnant women with CHD had significantly greater probability of several events and a higher death rate than women without CHD (1.92 vs. 0.02%; P < 0.001), and this finding is consistent with the findings of a previous study by Schlichting et al. (6). Our death rate was higher than that observed in Registry of Pregnancy and Cardiac Disease papers, and that is most likely because we included more women with CHD and severe PH or Eisenmenger Syndrome (7). Moreover, in the group without CHD, death was caused by amniotic fluid embolism, among other reasons. Moreover, although most of the women were healthy in the control group, some women did have other heart diseases, such as rheumatic heart disease and cardiomyopathy. This accounts for the surprisingly high PH rate (0.5%) in the control population, as well as the high arrhythmia rate.

For the pregnant women with CHD combined with PH, the probability of pre-term delivery, infant of low birth weight, and HF was much higher, which is consistent with previous studies suggesting that maternal mortality and morbidity rates remain high in women with PH related to CHD (8, 9). Among our 59 patients with Eisenmenger Syndrome, 10 (16.95%) died during hospitalization or were discharged from the hospital without medical instructions. Although some women with CHD do give birth to children, continuation of pregnancy is not recommended for pregnant women with Eisenmenger Syndrome in view of poor outcomes. During hospitalization, drugs used to treat PH included bosentan, sildenafil, alprostadil, iloprost, and alprostadil, and nitric oxide.

Pregnant women with CHD with NYHA functional class III–IV were at greater risk during pregnancy and had a longer hospital stay. Among these patients, eight died while in hospital or after being discharged. For women with HF, medications included dopamine, epinephrine, dobutamine, norepinephrine, milrinone, and pituitrin. Extracorporeal membrane oxygenation was also used.

We found marked differences in HF in pregnant women with unoperated CHD and pregnant women with operated CHD, and this finding was not consistent with the prior findings of Yadav et al. who reported excellent and comparable maternal and fetal outcomes in unoperated and operated CHS patients (10). Sliwa et al. reported similar findings (11). Although during our follow-up, some mothers with CHD still did not undergo surgery, we do recommend early surgical treatment for women with CHD before pregnancy.

In our study, severe CHD was more commonly cyanotic CHD with right to left shunt, such as tetralogy of Fallot, so PH rates were lower than that of patients with mild-to-moderate CHD. Our results suggest that the risk of the most adverse events during delivery was not significantly different in women with different CHD severities, and this may have been because the differences in risk were not fully established. This finding was not consistent with that of Avila et al. (12, 13) who argued that pregnancy in women with complex (severe) CHD was associated with high maternal and offspring risks.

Infants whose mothers had CHD were more likely to be delivered pre-term with a low birth weight, and this is similar to the findings of Takatsuki et al. (14). Moreover, these infants were more likely to experience a growth restriction due to the medications taken by women with CHD or the mothers' comorbidities, such as HF. Advances in fetal echocardiography have improved prenatal diagnosis of CHD and allowed better delivery and perinatal management (15, 16). It is also very important to monitor and follow pregnant women with CHD using echocardiography (17, 18).

During our follow-up, the vast majority of outcomes were good in pregnant women with CHD and their offspring. In addition to the maternal death in hospital, four mothers died after leaving hospital. Due to cardiac function, the daily activities in some pregnant women with PH are limited. The PH detected during pregnancy decreased after childbirth in a few women. The pregnant women with severe PH continued taking drugs such as bosentan and sildenafil. Cardiac function gradually recovered after childbirth in a few pregnant women who survived. The growth and development of some pre-term infants was slower than that of their peers; however, they gradually caught up. The offspring of mothers with CHD were at a higher risk of CHD than their peers, which was consistent with the view that CHD is caused by many factors including heredity and environment (19). Pre-term and low birth weight babies had worse outcomes, and three died after discharge, and these findings are consistent with that of Videbæk et al. (20).

Considering the above, the multidisciplinary management of these pregnant women by experts in the field of CHD is imperative, and a “pregnancy heart team” is needed (21, 22). Besides obstetricians and gynecologists, cardiologists, cardiac surgeons, cardiopulmonary bypass surgeons, pediatricians, anesthesiologists, surgical intensive care unit specialists, respiratory physicians, and other specialists, including clinical geneticists, social workers, and psychologists, should be involved (23, 24). Appropriate care is imperative (25, 26). Pre-pregnancy counseling must be performed by cardiologists with expertise in both CHD and pregnancy, with a detailed clinical assessment of the patient and the current hemodynamic situation, including echocardiography and an exercise test (27). The team should monitor all patients with moderate-to-severe CHD before pregnancy for timely counseling and advice during pregnancy in order to plan antenatal care, including delivery and post-partum follow-up and the need for cardiac monitoring. In our study, the treatment and care of some pregnant women with CHD was discussed by experts from multiple departments or even the whole hospital, resulting in good outcomes for critically ill women.

Considering the lack of data on oxygen saturation in some cases, there was no comparison of cyanotic and acyanotic CHD in our study. Overall, regardless of our findings, a few issues remain controversial and unclear. To understand the unique challenges this population presents, further study is necessary (28).


Study Strengths and Limitations

The strength of the current study was that it represents the largest case series analysis from a single institution to date and the treatment protocols were more consistent than that of multi-center studies.

In terms of limitations, our data involved patients mainly from the Beijing area, which may limit the generalizability of our results to other regions. This was a retrospective single-center study in which data were collected from medical records. We focused on the delivery period, as most patients were referred in the later stages of pregnancy, and we were often unable to obtain information on events occurring early during pregnancy, including miscarriages or planned interruption of pregnancies; therefore, the analysis may contain some bias. Meanwhile, some data were incomplete, incorrectly entered, or unavailable. Moreover, some follow-up information and the results provided by individual family members may not be accurate due to privacy concerns. CHD was diagnosed by echocardiography in some infants, whilst it was only determined using auscultation and clinical judgment in others, and this difference may have led to errors. Since the outbreak of 2019-nCoV, many women with CHD and their children have seldom visited the hospital, which led to some follow-up data being provided by telephone, which may not be as accurate as data obtained during face-to-face consultations.



Conclusions

This study provides a very detailed analysis of pregnancy events in women with CHD based on PH subgroup, prior history of CHD surgery, NYHA class, and CHD severity level. PH and the decrease of cardiac function increase the perinatal risk in women with CHD, and CHD surgery before pregnancy is recommended for women with CHD. The differences in outcomes for women with severe and mild-to-moderate CHD needs further study. The majority of adult CHD patients tolerate pregnancy well, but women with CHD have higher risks. Pregnant women with CHD may require closer monitoring and management than healthy women. A multidisciplinary pregnancy heart team provides the best specialist care. Although the vast majority of women with CHD and their offspring were well during the follow-up period, the fetuses and newborns of these women were at higher risk of CHD, and women with CHD and their offspring were more likely to experience problems from immediately after birth.




DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Research Committee of Beijing An Zhen Hospital affiliated to Capital Medical University. Written informed consent was not required for this study, in accordance with the local legislation and institutional requirements.



AUTHOR CONTRIBUTIONS

YLiu: data collection, summarizing the data, data analysis, followup, and drafting and revising the article. YLi, JZ, WZ, and ZB: obstetrics and gynecology data analysis. XM, YZ, CZ, KL, QY, and LS: data statistics. YZ, YY, and JY: drawing. GL: supervised the study. XM and XF: revised the article. JW: plan the study, study design, and revised the article. All authors have read and approved the final manuscript.



FUNDING

This study was supported by grants from the National Natural Science Foundation of China (8177020153, 82170311). JW, a designer of this study, received the funding.



ACKNOWLEDGMENTS

Thanks to Yongchen Hao and Miao Wang, who provided a lot of help in statistics.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2021.765004/full#supplementary-material



REFERENCES

 1. Mandalenakis Z, Giang KW, Eriksson P, Liden H, Synnergren M, Wåhlander H, et al. Survival in Children With Congenital Heart Disease: Have We Reached a Peak at 97%? J Am Heart Assoc. (2020) 9:e017704. doi: 10.1161/JAHA.120.017704

 2. Thompson JL, Kuklina EV, Bateman BT, Callaghan WM, James AH, Grotegut CA. Medical and obstetric outcomes among pregnant women with congenital heart disease. Obstet Gynecol. (2015) 126:346–54. doi: 10.1097/AOG.0000000000000973

 3. Chilikov A, Wainstock T, Sheiner E, Pariente G. Perinatal outcomes and long-term offspring cardiovascular morbidity of women with congenital heart disease. Eur J Obstet Gynecol Reprod Biol. (2020) 246:145–50. doi: 10.1016/j.ejogrb.2020.01.038

 4. Regitz-Zagrosek V, Roos-Hesselink JW, Bauersachs J, Blomström-Lundqvist C, Cífková R, De Bonis M, et al. 2018 ESC Guidelines for the management of cardiovascular diseases during pregnancy. Eur Heart J. (2018) 39:3165–241. doi: 10.1093/eurheartj/ehy478

 5. Osteen KA, Beal CC. Reproductive health and women with congenital heart disease: a practice update. J Perinat Neonatal Nurs. (2016) 30:25–35. doi: 10.1097/JPN.0000000000000144

 6. Schlichting LE, Insaf TZ, Zaidi AN, Lui GK, Van Zutphen AR. Maternal comorbidities and complications of delivery in pregnant women with congenital heart disease. J Am Coll Cardiol. (2019) 73:2181–91. doi: 10.1016/j.jacc.2019.01.069

 7. Roos-Hesselink J, Baris L, Johnson M, De Backer J, Otto C, Marelli A, et al. Pregnancy outcomes in women with cardiovascular disease: evolving trends over 10 years in the ESC Registry of Pregnancy and Cardiac disease (ROPAC). Eur Heart J. (2019) 40:3848–55. doi: 10.1093/eurheartj/ehz136

 8. Li Q, Dimopoulos K, Liu T, Xu Z, Liu Q, Li Y, et al. Peripartum outcomes in a large population of women with pulmonary arterial hypertension associated with congenital heart disease. Eur J Prev Cardiol. (2019) 26:1067–76. doi: 10.1177/2047487318821246

 9. Steurer MA, Baer RJ, Keller RL, Oltman S, Chambers CD, Norton ME, et al. Gestational age and outcomes in critical congenital heart disease. Pediatrics. (2017) 140:e20170999. doi: 10.1542/peds.2017-0999

 10. Yadav V, Sharma JB, Mishra S, Kriplani A, Bhatla N, Kachhawa G, et al. Maternal and fetal outcome in operated vs non-operated cases of congenital heart disease cases in pregnancy Indian. Heart J. (2018) 70:82–6. doi: 10.1016/j.ihj.2017.10.017

 11. Sliwa K, Baris L, Sinning C, Zengin-Sahm E, Gumbiene L, Yaseen IF, et al. Pregnant women with uncorrected congenital heart disease: heart failure and mortality. JACC Heart Fail. (2020) 8:100–10. doi: 10.1016/j.jchf.2019.09.001

 12. Avila WS, Ribeiro VM, Rossi EG, Binotto MA, Bortolotto MR, Testa C, et al. Pregnancy in women with complex congenital heart disease. a constant challenge. Arq Bras Cardiol. (2019) 113:1062–9. doi: 10.5935/abc.20190197

 13. Ramage K, Grabowska K, Silversides C, Quan H, Metcalfe A. Association of adult congenital heart disease with pregnancy, maternal, and neonatal outcomes. JAMA New Open. (2019) 2:e193667. doi: 10.1001/jamanetworkopen.2019.3667

 14. Takatsuki S, Furutani Y, Inai K, Kobayashi T, Inuzuka R, Uyeda T, et al. Pregnancy and Delivery in Patients With Repaired Congenital Heart Disease. Circ J. (2020) 84:2270–4. doi: 10.1253/circj.CJ-19-1150

 15. Sanapo L, Moon-Grady AJ, Donofrio MT. Perinatal and delivery management of infants with congenital heart disease. Clin Perinatol. (2016) 43:55–71. doi: 10.1016/j.clp.2015.11.004

 16. Davidson WR Jr. Pregnancy in adult congenital heart disease: special delivery. JAMA Cardiol. (2017) 2:671–2. doi: 10.1001/jamacardio.2017.0365

 17. Hayward RM, Foster E, Tseng ZH. Maternal and fetal outcomes of admission for delivery in women with congenital heart disease. JAMA Cardiol. (2017) 2:664–71. doi: 10.1001/jamacardio.2017.0283

 18. Kampman MA, Valente MA, van Melle JP, Balci A, Roos-Hesselink JW, Mulder BJ, et al. Cardiac adaption during pregnancy in women with congenital heart disease and healthy women. Heart. (2016) 102:1302–8. doi: 10.1136/heartjnl-2015-308946

 19. Shabana NA, Shahid SU, Irfan U. Genetic Contribution to Congenital Heart Disease (CHD). Pediatr Cardiol. (2020) 41:12–23. doi: 10.1007/s00246-019-02271-4

 20. Videbæk J, Laursen HB, Olsen M, Høfsten DE, Johnsen SP. Long-Term Nationwide Follow-Up Study of Simple Congenital Heart Disease Diagnosed in Otherwise Healthy Children. Circulation. (2016) 133:474–83. doi: 10.1161/CIRCULATIONAHA.115.017226

 21. Greutmann M, Pieper PG. Pieper. Pregnancy in women with congenital heart disease. Eur Heart J. (2015) 36:2491–9. doi: 10.1093/eurheartj/ehv288

 22. Cauldwell M, Dos Santos F, Steer PJ, Swan L, Gatzoulis M, Johnson MR. Pregnancy in women with congenital heart disease. BMJ. (2018) 360:k478. doi: 10.1136/bmj.k478

 23. Canobbio MM, Warnes CA, Aboulhosn J, Connolly HM, Khanna A, Koos BJ, et al. Management of pregnancy in patients with complex congenital heart disease: a scientific statement for healthcare professionals from the American Heart Association. Circulation. (2017) 135:e50–87. doi: 10.1161/CIR.0000000000000458

 24. Zengin E, Mueller G, Blankenberg S, von Kodolitsch Y, Rickers C, Sinning C. Pregnancy in adults with congenital heart disease. Cardiovasc Diagn Ther. (2019) 9(Suppl 2):S416–S423. doi: 10.21037/cdt.2019.07.01

 25. Hopkins MK, Goldstein SA, Ward CC, Kuller JA. Evaluation and Management of Maternal Congenital Heart Disease: A Review. Obstet Gynecol Surv. (2018) 73:116–24. doi: 10.1097/OGX.0000000000000536

 26. Phillips S, Pirics M. Congenital Heart Disease and Reproductive Risk: An Overview for Obstetricians, Cardiologists, and Primary Care Providers. Methodist Debakey Cardiovasc J. (2017) 13:238–42. doi: 10.14797/mdcj-13-4-238

 27. Warnes CA. Pregnancy and delivery in women with congenital heart disease. Circ J. (2015) 79:1416–21. doi: 10.1253/circj.CJ-15-0572

 28. Roos-Hesselink JW, Budts W, Walker F, De Backer JFA, Swan L, Stones W, et al. Organisation of care for pregnancy in patients with congenital heart disease. Heart. (2017) 103:1854–9. doi: 10.1136/heartjnl-2017-311758

Conflict of Interest: LS was employed by the company NJS Associates Company.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Liu, Li, Zhang, Zhao, Bao, Ma, Zhao, Zhao, Liu, Ye, Su, Yang, Yang, Li, Fan and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fcvm-08-765004-t001.jpg
CHD (n No CHD p Value

=1,040) (n =18,384)

Age, yrs 28.77 +4.34 30.42 + 3.82 <0.001

15-19 4(0.38) 15(0.08)

20-24 153 (14.71) 726 (3.95)

25-29 462 (44.42) 7,357 (40.02)

30-34 201 (27.98) 7,604 (41.85)

35-39 90 (8.65) 2,233 (12.15)

240 40(3.85) 359 (1.95)

Hospital stay (days) 783+ 4.65 493+3.26 <0.001

Hospitalized times =2 398 (87.79) 4,613 (25.00) <0001

Death 20(1.92) 4(0.02) <0.001

Total charges, $ 1,586.78 + 960.08 <0001
1,075.39 789.98

CHD, congenitel heart disease; yrs, years; Values are mean = SD, n (%), or median
(interquartile range). The symbol § means U.S. dollar.





OPS/images/fcvm-08-765004-t002.jpg
Obstetric events
Hypertension in pregnancy
Placenta previa
Gestational diabetes
Placental abruption
Hemorrhage

Pre-term delivery
Preeclampsia

Prolonged pregnancy
Cardiovascular events

Heart failure

Arthythmia
Thromboembolic event

(stroke, PE, and so on)

Delivery procedure

Cesarean section

Artificial rupture of the membranes
Induction

Fetal events

Fetal distress

Fetal growth restriction

Fetal malformation

Fetal death or stilbirth

Infant of low-birth weight

Other events

Pulmonary hypertension

Respiratory/pulmonary
Systemic hypertension
Hyperlipidemia

Mental health
Neurologic/CNS

CHD (n
=1,040)

23(2.21)
24231)
139 (13.37)
8(0.77)
137 (13.17)
142 (13.65)
68(6.549)
1(0.10)

51(4.90)

182 (12.69)
4(039)

821(78.94)
26 (2.50)
26 (2.50)

4(0.38)
12(1.15)
2(0.19)
4(039)
89(8.56)

271 (26.06)

14(0.12)
21(2.02)
00
1(0.10
1(0.10)

No CHD (n =
18,384)

250 (1.36)
557 (3.09)
3166 (17.22)
55 (0.30)
3124 (16.99)
1234 6.71)
980 (5.33)
50(0.27)

74 (0.40)

862 (4.69)
42(029)

9032 (49.24)
767 (4.17)
750 (4.08)

2111 (11.48)
84 (0.46)
35(0.19)
72(0.39)
802 (4.36)

99(0.54)

103 (0.88)
396 (2.15)
32(0.17)
23(0.19)
24(0.13)

P value

0.025
0.185
0.006
0.012
0.001
<0.001
0.094
0.303

<0.001

<0.001
0319

<0.001
0.009
0012

<0.001
0.003
0.994
0.972
<0.001

<0.001

0.004
0.776
0.993
0.801
0.762

Crude OR
(95%C1)

1.64 (1.07-2.53)
0.76 (0.50-1.14)
0.74 (0.62-0.89)
258 (1.23-5.44)
0.74 (0.62-0.89)
22 (1.82-2.66)

1.24(0.96-1.60)
035 (0.05-2.56)

12.76
(8.88-18.39)

296 (2.43-3.59)
1.69 (0.60-4.71)

3.90 (3.35-4.54)
059 (0.40-0.88)
0.60 (0.41-0.90)

003 0.01-0.08)
2.54(1.38-4.67)
1.01(0.24-4.21)
0.98 (0.36-2.69)
2.05 (1.63-2.58)

65.00
(51.14-82.84)

242 (1.38-4.25)
0.94 (0.60-1.46)
NG

0.77 (0.10-6.70)
074 (0.10-5.45)

Adjusted P
value

0.028
0.170
0.002
0.013
0.001
<0.001
0.088
0.363

<0.001

<0.001
0318

<0.001
0.008
0013

<0.001
0.003
0.979
0.983
<0.001

<0.001

0.002
0.772
0.990
0.808
0.779

Adjusted OR (95%Cl)

1.75 (1.06-2.50)
0.89/(0.58-1.36)
0.76 (0.63-0.91)
277 (1.28-5.96)
0.79 (0.65-0.95)
1.77 (1.44-2.18)
1.05 (0.79-1.40)
0.40 (0.06-2.92)

10.08 (6.51-15.47)

2.39(1.94-2.96)
1,87 (0.64-5.45)

452 (3.87-5.21)
051(0.34-0.76)
0.54 (0.36-0.80)

0.03(0.01-0.08)
250 (1.35-4.66)
103 (0.25-4.35)
112 (0.41-8.09)
184 (1.44-2.34)

57.95 (42.89-78.30)

2.47 (1.40-4.34)
0.63 (0.38-1.05)
NG

0.78 0.10-6.04)
0.99(0.13-7.34)

CHD, congenital heart disease; Cl, confidence interval; CNS, central nervous system; NC, not calculated; OR, odds ratio; PE, pulmonary embolism; Values are n (%) unless

otherwise indicated.





OPS/images/fcvm-08-765004-g003.gif
Adverse events in pregnant women with and without CHD

o0 = CHD Group
80 == No CHD Group
60

40

o
&
g
H
4






OPS/images/fcvm-08-765004-g004.gif
Follow-up of Mothers

- CHD Group.
= No CHD Group

fue
gm
.
.
JRE P
ST
o &
¢°
P
& «
3
.
Follow-up of Their Offspring
2o = CHD Group
15 = 1o CHD Group
5
§

0s:






OPS/images/fcvm-08-765004-t003.jpg
Obstetric events
Hypertension in pregnancy
Placenta previa
Gestational diabetes
Placental abruption
Hemorrhage

Pre-term delivery
preeclampsia
Cardiovascular events
Heart failure

Arthythrmia
Thromboembolic event(stroke, PE, and so or)
Delivery procedure

Cesarean section

Atificial rupture of the membranes

Induction

Fetal events

Fetal distress

Fetal growth restriction

Fetal malformation

Infant of low-birth weight
Other events
Respiratory/pulmonary diseases
Systemic hypertension

CHD with PH (n
=27)

7(258)
4(1.48)
27 (2.96)
2(0.74)
35(12.92)
95 (35.06)
21(7.75)

34 (12.56)

35 (12.92)
1(037)

240 (88.56)
2(0.74)
2(0.74)

10 (3.69)
4(1.48)
1(087)

91(33.58)

7(258)
4(1.48)

CHD without PH
(n=1769)

16 (2.08)
20 (2.60)
112 (14.56)
6(0.78)
102 (13.26)
77 (10.01)
47 6.11)

17 1)

97 (12.61)
3(0.39)

581 (75.55)
24(3.12)
24(3.12)

48 (6.24)
8(1.04)
10.13)

48 (6.24)

7(091)
17 @.21)

Values are n (%) unless otherwise indicated. Abbreviations as in Tables 1, 2.

P value

0.629
0.295
0.057
0.945
0.884
<0.001
0.350

<0.001

0.898
0.961

<0.001
0.047
0.047

0.120
0.566
0.460

<0.001

0.049
0.463

Crude OR
(95%C1)

1.25(051-3.07)
056 (0.19-1.66)
0.65 (0.42-1.00)
0.95 (0.19-4.71)
0.97 (0.64-1.46)
2.84 (1.97-4.00)
1.29 (0.76-2.20)

6.35
(3.48-1157)

1.03(0.68-1.55)
095 (0.10-9.13)

2,51 (1.67-3.77)
0.23(0.05-0.98)
0.23(0.05-0.98)

058 (0.20-1.15)
1.43 0.43-4.77)

284
(0.18-45.63)

2.68(1.72-4.17)

2.89(1.00-831)
0.66 (0.22-1.99)

Adjusted P
value

0.724
0.412
0.123
0.961
0531
<0.001
0.879

<0.001

0.873
0919

<0.001
0.049
0.049

0.117
0.545
0477

<0.001

0.048
0.456

Adjusted OR (95%Cl)

1.19 (0.46-3.04)
063 (0.21-1.89)
0.70 (0.45-1.10)
0.96 (0.18-5.00)
0.87 (057-1.34)
223 (152-3.29)
0.96 (053-1.71)

4.95 (2.48-9.87)

1.04 (0.68-1.58)
1.12 (0.12-10.92)

232 (1.53-3.51)
010 (0.01-0.77)
009 0.01-0.72)

0.46 (0.21-1.02)
1.17 (0.32-4.31)
2.74(0.17-43.99)

2.40 (1.51-3.79)

2.94 (1.02-8.44)
063 (0.20-2.12)





OPS/images/fcvm-08-765004-t004.jpg
CHD With NYHA CHD With NYHA P value Crude OR Adjusted P value Adjusted OR (95%Cl)

W~V (1 =122) I~ (0 = 918) (95%Cl)
Obstetric events

Hypertension in pregnancy 3(2.46) 20(2.19) 0843 1.13 (0.33-3.87) 0747 1.23(0.36-4.21)
Placenta previa 2(1.64) 22(2.40) 0603 068 (0.16-2.92) 0602 0.74(0.17-3.22)
Gestational diabetes 10(8.20) 129 (14.05) 0078 0.55 (0.28-1.07) 0.110 058 (0.29-1.13)
Placental abruption 1(082) 7(0.76) 0946 1.08 (0.13-8.82) 0796 1.82 0.16-11.10)
Hemorrhage 20(16.39) 117 (12.75) 0.264 1.34 (0.8-2.25) 0.187 1.42 (0.84-2.39)
Pre-term delivery 58 (47.54) 84 (9.15) <0.001 9.00 (5.91-13.70) <0.001 8.69 (5.64-13.38)
preeclampsia 18 (14.75) 50(5.45) <0.001 3.01(1.69-5.34) <0.001 3.05 (1.71-5.46)
Cardiovascular events

Arthythmia 17 (13.93) 115 (12.63) 0661 1.13 (0.65-1.96) 0674 1.05 (0.59-1.88)
Thromboembolic event(stroke, PE, and so on) 00) 4(0.44) NC NC NC NC
Delivery procedure

Cesarean section 116 (95.08) 705 (76.80) <0.001 5.84 (2.54-13.46) <0.001 4.08(1.72-9.48)
Avtificial rupture of the membranes 0(0) 26 (2.83) 099 NG 099 NG
Indluction 0 26(2.89) 0996 NG 0996 NG

Fetal events

Fetal distress 5(4.10) 53(5.77) 0451 0.70 (0.27-1.78) 0420 0,68 (0.26-1.75)
Fetal growth restriction 4(3.28) 8(0.87) 0030 3.86 (1.14-13.00) 0025 4.04(1.19-13.67)
Fetal malformation 1(0.82) 1(.11) 0.153 7.58(0.47-121.95) 0.144 7.96 (0.49-128.27)
Fetal death or stilbirth 4(3.28) 0(0) 0997 NC 0997 NC

Infant of low-birth weight 30 (24.59) 59(6.43) <0.001 475 (2.91-7.74) <0.001 366 (2.12-6.31)
Other events

Pulmonary arterial hypertension 80 (65.57) 191 (20.80) <0.001 7.25 (4.83-10.88) <0.001 7.40 (4.87-11.24)
Respiratory/pulmonary 7674 7(0.76) <0001 7.92 (2.73-22.99) <0001 9.91(2.88-34.14)
Systemic hypertension 4(3.28) 17 (1.85) 0299 1.80 (0.59-6.43) 0289 2.66 (0.80-8.83)

Values are n (%) unless otherwise indicated. Abbreviations as in Tables 1-3.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Pregnancy Complications and Outcomes Among Women With Congenital Heart Disease in Beijing, China



		Introduction



		Materials and Methods



		Study Design



		Definitions



		Ethical Approval



		Statistical Analysis







		Results



		Adverse Events in Pregnant Women With and Without CHD



		Adverse Events in Pregnant Women With CHD by Subgroup (PH, NYHA, Surgery, Severity)



		Follow-Up







		Discussion



		Study Strengths and Limitations



		Conclusions







		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
’ frontiers
in Cardiovascular Medicine

Pregnancy Complications and
Outcomes Among Women With
Congenital Heart Disease in Beijing,
China





OPS/images/fcvm-08-765004-g001.gif
Hospital admissions
201010 2019, (n=20973)

[Excluded pregnant women (n=322)
[Women gave birth at other hospitals|

[Pregnant women (n = 20651)

Excluded pregnant women vith
other cardiac diseases (n = 1227)

Pregnant women included in this study (n = 19424)

Pregnant women with CHD (n=1040) | [ Pregnant women without CHD (n = 18384)






OPS/images/fcvm-08-765004-g002.gif
Hospital admissions of pregnant women from 2010 to 2019

== 54% CHD Group
m= 94.6% No CHD Group

Total=19424

Classification of various CHD

-
-
-
-
-
-

33.3% ASD
27.0% VSD

9.9%
6.9%
2.9%
27%
2.5%
1.9%
1.4%
1.2%
14%
0.7%
8.4%

PDA

TOF

BAV

PS

ECD
c-TGA
Ebstein
PFO
VSD+ASD
DORV
Other CHD









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Cardiovascular Medicine





