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Abstract

BACKGROUND

Pulmonary arterial hypertension (PAH) in pregnancy is one of the major obstetric
complications and is considered a contraindication to pregnancy as it is classified
as a class IV risk in the revised risk classification of pregnancy by the World
Health Organisation. Pregnancy, with its adaptive and expectant mechanical and
hormonal changes, negatively affects the cardiopulmonary circulation in pregnant
women. Do patients with repaired simple congenital heart disease (CHD) develop
other pulmonary and cardiac complications during pregnancy? Can pregnant
women with sudden pulmonary hypertension be treated and managed in time? In
this paper, we present a case of a 39-year-old woman who underwent cesarean
section at 33 wk' gestation and developed PAH secondary to repaired simple
CHD. Our research began by a PubMed search for "pulmonary hypertension" and
"pregnancy" and "CHD" case reports. Three cases were selected to review PAH in
pregnancy after correction of CHD defects. These studies were reviewed, coupled
with our own clinical experience.

CASE SUMMARY

Herein, a case involving a woman who underwent atrial septal defect repair at the
age of 34, became pregnant five years later, and had a sudden onset of PAH and
right heart failure secondary to symptoms of acute peripheral edema in the third
trimester of her pregnancy. As a result, the patient underwent a cesarean section
and gave birth to healthy twins. Within three days after cesarean delivery, her
cardiac function deteriorated as the pulmonary artery pressure increased. Effec-
tive postpartum management, including diuresis, significant oxygen uptake,
vasodilators, capacity and anticoagulants management, led to improvements in
cardiac function and oxygenation. The patient was discharged from hospital with
a stable recovery and transferred to local hospitals for further PAH treatment.

CONCLUSION
This case served as a reminder to obstetricians of the importance of pregnancy
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after repair of CHD. It is crucial for patients with CHD to receive early correction. It suggests doctors should not
ignore edema of twin pregnancy. Also, it provides a reference for the further standardization of antenatal, in-
trapartum and postpartum management for patients with CHD worldwide.

Key Words: Congenital heart defects; Pulmonary hypertension; Right heart failure; Twin pregnancy; Perioperative
management; Case report

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Long-term hemodynamic abnormalities caused by the late repair of congenital heart disease (CHD) defects are
another essential factor in the deterioration of the heart function of pregnant women. This emphasizes the importance of
early correction for patients with CHD, which is often overlooked by obstetricians. In this case, the timing of the deteri-
oration in cardiac function coincided with the peak of blood volume and cardiac output during pregnancy, that is, 32-34 wk
of pregnancy and within 3 d after delivery. These time periods are vital for cardiac function assessment.

Citation: Tong CX, Meng T. Twin pregnancy with sudden heart failure and pulmonary hypertension after atrial septal defect repair: A
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INTRODUCTION

Successfully repaired simple congenital heart disease (CHD) lesions have been classified as World Health Organisation
(mWHO) pregnancy risk class I. Pregnancy after defects correction has a 2%-5% risk of maternal cardiac events and only
requires one or two cardiology evaluations during pregnancy[1]. However, there is a possibility of developing pulmonary
hypertension after heart defect correction, which may be present immediately or several years after surgery. Studies have
shown that pulmonary arterial hypertension (PAH) after defects correction is related to delayed correction age, and the
prognosis of these patients is poor, possibly related to the impaired ability of the right vein to adapt to increased afterload
after birth[2].

In the event of PAH being diagnosed, pregnancy is not recommended for this type of woman[3]. During pregnancy,
maternal hormonal and blood flow changes are associated with an increased risk of pulmonary hypertension. Symptoms
of pulmonary hypertension are non-specific, with initial symptoms including shortness of breath, fatigue and weakness.
Progressive right ventricular dysfunction can cause abdominal distention and peripheral edema[3]. These symptoms are
confused with the normal physiological manifestations of the pregnant women in the third trimester, especially during
twin pregnancies, making it difficult for pregnant women and obstetricians to link these symptoms to worsening heart
function, which can lead to untreated deterioration and rapid progression. The maternal mortality rate of PAH is approx-
imately 9 to 28%[1], with acute postpartum heart failure being the leading cause of death[4,5]. Pregnant women with
PAH are most at greatest risk the first week after delivery, which accounts for approximately 61% of maternal deaths[6].
At present, there is no definitive management of hospital stay and termination of pregnancy for pregnant women with
repaired CHD or with PAH. If a pregnant woman has pulmonary hypertension onset outside the hospital, resuscitation
of the mother and fetus will be delayed.

There are few reports about pregnancy with PAH after CHD defects correction, and a review of previously reported
cases of PAH in pregnancy after correction of heart defects was undertaken. This study outlines the clinical character-
istics, perinatal management, and outcomes of pregnant women after CHD repair. It also provides a time-point basis for
further standardizing the management of pregnancy in patients after correction of CHD defects.

CASE PRESENTATION

Chief complaints
A 39-year-old, 32-wk pregnant woman presented to the obstetric clinic with complaint worsened peripheral edema for
one week.

History of present illness
After eight months of pregnancy, her edema became unbearable in the past one week and affected her sleep and rest.

History of past illness

The patient was 34 years old when she was diagnosed with an atrial septal defect (ASD) on physical examination and the
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defect was successfully repaired the same year. This pregnant woman had conceived with twins through in vitro fertil-
ization eight months earlier. Cardiac function was not systematically monitored during this pregnancy, but this pregnant
woman complained of no chest tightness, shortness of breath, and other abnormal manifestations during pregnancy.

Personal and family history
The patient denied any family history of cardiovascular disease.

Physical examination

On physical examination, the vital signs were as follows: Body temperature, 36.7 °C; blood pressure, 156/83 mmHg; heart
rate, 90 beats per min; respiratory rate, 18 breaths per min, blood oxygen, 98%. The blood pressure dropped to 128/76
mmHg after 20 min of rest. No notable abnormalities were heard on cardiopulmonary auscultation. The patient was
severely oedematous with orange peel abdominal skin.

Laboratory examinations

Brain natriuretic peptide (BNP) increased up to 162 pg/mL, and other laboratory indicators, including complete blood
count, urinalysis, coagulation, liver and kidney function, myocardial enzymes, troponin, were all normal. 24-h urine
output is 1000 mL.

Imaging examinations

Echocardiography several days prior to admission showed a normal cardiac structure. On the day of admission, the
electrocardiogram was normal. The deep vein ultrasound of both lower limbs was normal, and the fetal ultrasound
indicated that the intrauterine development of both fetuses was normal. There was no pulmonary hypertension after
closure of ASD. Echocardiography conducted a few days prior to admission showed normal pulmonary artery pressures.

Further diagnostic work-up

Four days after admission, the patient complained of more severe oedema, which severely interfered with her rest, and
presented with chest tightness, shortness of breath. The cardiac function was re-evaluated. The echocardiography report:
mild pulmonary hypertension (pulmonary artery systolic pressure: 42 mmHg), mild tricuspid regurgitation, and larger
left heart.

FINAL DIAGNOSIS

We diagnosed her as 33 wk of twin pregnancy, mild pulmonary hypertension, heart failure, mWHO IV and New York
Heart Association (NYHA) class III-IV.

TREATMENT

Our multidisciplinary consultations team planned cesarean delivery under epidural anesthesia, paid attention to fluid
management during the perioperative period to ensure stable hemodynamics, prevent heart failure, strictly prevent
postpartum hemorrhage, ensure oxygenation after the operation, prevent infection, and prevent thrombosis. The whole
surgical procedure went smoothly and the intraoperative and postoperative vital signs remained stable. The patient had
no apparent symptoms of chest tightness, shortness of breath, and dyspnea. She felt that the peripheral edema was
relieved. After the operation, she was given routine oxygen inhalation, infection prevention, myocardial nutrient
treatment, and strict fluid management. However, on the 2™ d after the cesarean section, the mother developed wor-
sening cardiac function, severe chest tightness, shortness of breath, and inability to lie on her back. Physical examination
of the patient indicated a distended and pulsating jugular vein. The blood pressure gradually increased to 148/85 mmHg,
and the heart rate fluctuated between 70-80 beats/min. The reassessment of the echocardiography results showed that the
pulmonary artery pressure rose to 55 mmHg, mitral and tricuspid regurgitation, enlargement of the whole heart, and the
inferior vena cava was widened. Having considered the patient's increased postoperative returned blood volume,
resulting in severe cardiac insufficiency, she was transferred to intensive care unit (ICU) for treatment. While in the ICU,
strict fluid management, blood vessel expansion, diuresis, nutrient myocardium, correction of ions, and high-flow oxygen
inhalation were performed. Her BNP was reduced from 578 to 116 pg/mL. The symptoms of peripheral edema and
cardiac insufficiency were significantly relieved. A re-examination of color Doppler ultrasound showed that the
pulmonary artery pressure was 53 mmHg, and the pulmonary artery computed tomography angiography examination
report was normal. The maternal vital signs were considered stable. We consider excluding venous thromboembolism for
the following reasons: (1) The d-dimer level of this patient is normal; (2) doppler ultrasonography of the lower extremities
was performed to rule out deep vein thrombosis; and (3) analysis of arterial blood gases confirmed that there was no
hypoxaemia.
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OUTCOME AND FOLLOW-UP

The patient was transferred to the local hospital on the 8" d after the cesarean section for further treatment of pulmonary
hypertension. The patient received targeted PAH treatment with a phosphodiesterase type 5 inhibitor (sildenafil). The
current maternal prognosis is good.

Methods
We set out to write in April 2022 with the aim of determining the clinical manifestations of PAH after CHD defects
correction in pregnant women. We then performed a search on PubMed applying “(“PAH” [Mesh] AND “CHD” [Mesh])

AND “pregnant” [Mesh]” and identified three cases of PAH after correction of CHD defects in pregnancy, as outlined in
Table 1[7,8].

DISCUSSION

Patients with the ASD generally have a better prognosis and treatment effect if surgically repair is performed at a
younger age. If the repair is performed at an older age, changes in the ventricular structure and the increase in pulmonary
artery pressure can affect the outcome. At present, there is still clinical controversy regarding the repair effect of an ASD
in adults and even the elderly[9,10]. The pregnant woman, in this case, did not undergo atrial defect repair until the age
of 34. The correction time was late, and the heart was in a chronic state of left-to-right shunt abnormality and as a result,
long-term changes in ventricular structure and pulmonary artery pressure occurred, which influenced the prognosis. This
article reminds of the importance of early repair of the ASD. Even after the defect repair operation, delayed repair of the
ASD can still affect the hemodynamics of this pregnancy. We set out to write in April 2022 with the aim of determining
the clinical manifestations of PAH after CHD defects correction in pregnant women. We then performed a search on
PubMed applying “(“PAH” [Mesh] AND “CHD” [Mesh]) AND “pregnant” [Mesh]”. Three cases were identified
regarding pregnancies with PAH after CHD defects correction, as outlined in Table 1[7,8]. And a retrospective study
shows that compared with pregnancy after ASD repair, pregnant women who have not undergone defect repair have a
higher probability of miscarriage, premature delivery, and heart-related symptoms during pregnancy[11]. These all
emphasize the importance of early repair of simple lesions of CHD. The time node of hemodynamic changes during
pregnancy is crucial. The cardiac output of a pregnant woman peaks at 32-34 wk of gestation and lasts until three days
after delivery. In this case, the patient began to have severe peripheral edema at 32 wk of pregnancy and was unable to
stand in clinostatic position. Then the pregnant woman was diagnosed as pulmonary hypertension and right heart failure
at 33 wk of gestation. After the termination of pregnancy, the patient's cardiac function experienced a short-term relief.
However, the patient suddenly developed symptoms of severe cardiac insufficiency with high pulmonary hypertension,
unstable vital signs, elevated blood pressure and a large heart the day after the procedure. The reasons for this are as
follows. First, the fluid movement caused by labor increases the preload, which increases the cardiac output by about
10%-15%, with a corresponding increase in the load of the right ventricle and pulmonary vascular bed. After delivery,
uterine contraction leads to another 300-500 mL of autotransfusion from the uterus to the mother. Second, when the
obstruction caused by the uterine compression of the inferior vena cava is lifted, the subaortic vena cava pressure
decreases abruptly and venous blood flow increases. Moreover, cardiac output does not increase until 48 h after delivery.
Third, there will be an increase in pulmonary vascular resistance due to uterine contraction, rapid abdominal decom-
pression, blood volume loss, pain leading to vasovagal reaction, acidosis, hypercapnia, etc. This alerted the clinician to
reassess the pregnant woman's cardiac function at these 3 time points and advance the time point of admission if
necessary. Once the heart function deteriorates, perioperative management and termination of pregnancy are essential for
the rescue of the mother and the fetus. This provides time-point evidence for further standardizing the pregnancy
management of patients after CHD defects repair in the future. Since our hospital is a grade three level A hospital, we
have developed a general scheme for management of pregnancy after CHD defects repair (Figure 1).

Pregnancy with a successfully repaired ASD is considered class I in the 2018 mWHO classification. ASD that has not
been repaired surgically is considered class II, and pulmonary hypertension is thought to be class IV[1]. The 2011
European Society of Cardiology (ESC) guidelines concluded that repaired ASD usually does not increase maternal-fetal
risk[12]. However, the 2018 ESC guidelines relatively rigorously abolished the view that repaired ASD usually does not
increase the risk of maternal-fetal risk, which is consistent with the occurrence of pulmonary hypertension and right heart
failure in the third trimester of pregnancy in this case[13]. The American College of Obstetricians and Gynecologists
(ACOG) puts the probability of a maternal cardiac event during pregnancy in patients with repaired ASDs at 2%-5%.
Physicians need to evaluate the heart function of pregnant women 1-2 times during pregnancy[1]. In addition to the peak
period of blood return volume, the main complaint of the patient must be addressed. In order to diagnose pulmonary
hypertension and exclude other cardiac conditions, echocardiography is the most useful imaging modality[14]. In this
case, there was no abnormality on the echocardiography 6 d prior to admission and the pregnant woman did not show
symptoms of cardiac insufficiency during pregnancy. If it were not for the patient's complaint, we would not have
noticed the deterioration in her heart function. Due to the complex hemodynamic and physiological changes during
pregnancy, peripheral edema often occurs in the third trimester, especially for pregnant women with high body mass
index (BMI). The symptoms of peripheral edema in pregnant women with twins can be easily overlooked as the BMI is
usually greater in twin pregnancies. Therefore, whether it is peripheral edema caused by cardiac insufficiency is difficult
for doctors to assess. As a result, physicians often ignore edema, and the mother and fetus miss the best rescue time. This
article suggests that even for normal pregnant women with a high BMI, when acute edema worsens, with or without
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Table 1 Cases about pregnancy with pulmonary arterial hypertension after congenital heart disease defects correction

The .
Age at Age . . The gestational
Congenital  gestational . Maternal
Ref. pregnancy (defects age of Complications ~ Symptoms
. heart defects age of events, . outcomes
(yr) repair) termination
wk
Ross- 19 4 VSD Three days 38 wk PAH No obvious  Uneventfully
Ascuitto within delivery symptoms discharge
et al[8]
Jacksonet 32 4 VSD 20 wk 20 wk PAH; Shortness of ~ Being evaluated for
al[7] Eisenmenger breath a combined heart-
syndrome lung transplant
Jacksonet 23 3 VSD Three days 26 wk PAH; Heart Dyspnea; Died on
al[7] within delivery failure hypoxemia postoperative day 5
PAH: Pulmonary arterial hypertension; VSD: Ventricular septal defect.
Pregnancy after CHD defects repair
Antepartum Intrapartum Postpartum

Preconception Pregnancy Cesarean section Vaginal delivery
//////// \\
Y -t . \
Assessment of 16-24 wk 32-34 wk Before delivery
cardiac function
Y
Signs of cardiac injury? 1. Selection of anesthesia option
2. Fluid restriction 1. Intensive care and monitor
3. Vital sign 2. Uptake of oxygen
4. Blood oxygen 3. Prevention of postpartum haemorrhage
5. Reduction in haemorrhage 4. Avoid thrombosis
6. Avoid abdominal pressure 5. Fluid restriction
Assessment of cardiac function 7. Infection prevention 6. Choice of lactation

DOI: 10.12998/wjcc.v11.i35.8350 Copyright ©The Author(s) 2023.

Figure 1 General scheme for management of pregnancy after congenital heart disease defects repair. CHD: Congenital heart disease.

chest tightness and shortness of breath, the potential changes in cardiac function should be considered.

The ACOG believes that the mortality rate of pregnant women with heart disease who are older than 40 years old is 30
times higher than that of pregnant women younger than 20 years old. Although twins and multiple pregnancies are not
mentioned, pregnant women with twins and multiple pregnancies usually increase in BMI, and overweight is also an
essential underlying in increasing maternal cardiogenic death. In this case, twins, high BMI, and advanced age are all
high-risk factors for maternal-fetal risk during pregnancy. This article highlights the influence of high BMI and advanced
age on the heart function of pregnant women and the importance of multi-disciplinary pregnancy management[1].

Our multidisciplinary consultations team planned cesarean delivery under combined spinal epidural anesthesia as
general anesthesia suppresses cardiac contractility, while positive pressure ventilation increases pulmonary vascular
resistance and exacerbates pulmonary hypertension. Combined spinal epidural anesthesia can therefore provide better
sensory block, avoid vascular dilation, and do not increase the risk of hypotension. Also, it is a single administration after
puncture, which lasts for a short time and is easy to cause hypotension. Lumbar anesthesia is a devastating blow to right
heart failure. Therefore, it is recommended that intraspinal anesthesia be used in patients with PAH undergoing
caesarean delivery if there are no contraindications to intraspinal puncture, according to the latest statement. General
anaesthesia can be considered for patients with abnormal coagulation function and poor cardiopulmonary function.
Continuous epidural anesthesia has good controllability, which can not only produce good anesthesia effects but also
reduce hemodynamic fluctuations and effectively suppresses surgical stress reaction. At the same time, it can block the
dilation of blood vessels in the area, reduce cardiac blood volume, and to some extent reduce pulmonary hypertension
and right heart burden. Additionally, the increased blood flow in the blocked area is beneficial to tissue oxygenation.
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Upon reviewing different literatures, we identified the specific risks in pregnancy related to different hemodynamic
conditions produced by heart defects[15-17]. There was no difference in obstetric complications between pregnant
women with unrepaired and repaired ASD. However, cardiac complications were comparable between women with
unrepaired and repaired ASDs. Women with unrepaired ASD seem to be more susceptible to arrhythmias as compared to
women with repaired ASD[15]. Cardiac complications during pregnancy and NYHA deterioration have been associated
with modified WHO class III/IV, prior medication use, and higher body mass index[16].

Pregnant women with PAH should be treated by a multidisciplinary team, including obstetricians, anesthesiologists,
intensivists, pulmonary hypertension specialists and cardiologists. The optimal duration of extracorporeal therapy for
combined pulmonary hypertension in pregnancy is between 13-28 wk of gestation. In this case, the patient was diagnosed
with pulmonary hypertension in the third trimester. A caesarean section is recommended to terminate the pregnancy
prior to cardiac surgery. Intraoperative anesthesia management, blood pressure management, uterine contraction
management, bleeding management, and perioperative volume management all have important impact on the patient's
cardiac function. Effective treatment in the ICU after the operation also includes improved oxygenation, diuresis, anti-
heart insufficiency, and controlling fluid intake. The heart function of the parturient is significantly improved, and the
BNP decreases by > 30% after treatment. After effective management, a satisfactory outcome was achieved and the
patient was transferred back to the local hospital for follow-up specialist management.

CONCLUSION

Early repair of the ASD is vital for the prognosis of patients with CHD. Clinicians and emergency rescue teams should
pay more attention to the main complaints of high-risk pregnant women and assessment of cardiac function in pregnant
women with high BMI and advanced age. They should be more attentive to the changes of hemodynamics of these
patients in three time periods during pregnancy. Once the heart function deteriorates, effective peripartum cardiac
management and pregnancy termination are vital for maternal and fetal rescue. All of the above has awakened obstet-
ricians' attention to pregnancies with repaired simple lesions of CHD.
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