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Multiple miscarriages in a female patient with two-chambered heart and situs inversus totalis: A case report 
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Abstract
BACKGROUND
Single atrium with single ventricle, or a two-chambered heart, is an extremely rare congenital malformation. Few cases with two-chambered heart surviving to adulthood have been reported.

CASE SUMMARY
We reported an adult female patient with a two-chambered heart and situs inversus totalis accompanied by multiple pregnancies and abortions. Magnetic resonance imaging detected a two-chambered heart. B-ultrasound-guided uterine aspiration was performed to absorb 8 g and 10 g of organized villus and decidual tissues, respectively, with a small amount of bleeding. Postoperatively, cyanosis and fatigue-induced shortness of breath were gradually relieved. The patient has currently outlived all similar cases reported so far. 

CONCLUSION
Hemodynamic changes in pregnant women with two-chambered heart impaired cardiac function, responsible for hypoperfusion and miscarriage. 
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Core tip: The two-chambered heart is characterized by common atrioventricular valves connecting the single atrium and single ventricle. Most patients with two-chambered heart die before or around 20 years of age. Pregnancy in these patients is very rare, and it is unknown how the disease might affect the pregnancy outcome. The current patient with a two-chambered heart has lived longer than all similar cases reported to date, and has remained active. The case reported here was accompanied by eight adverse pregnancies and early abortions. Pregnancy may negatively affect cardiac function in patients with a two-chambered heart, and poor heart function could lead to uterine hypoperfusion and subsequent miscarriage.

INTRODUCTION
Single ventricle occurs in 0.5–1/100000 live births, accounting for 1%–2% of all cases with neonatal congenital heart diseases[1]. Single ventricle with single atrium, or the two-chambered heart, is clinically rarer and associated with worse prognosis, with the patients often dying several months after birth and rarely surviving to adulthood[2]. Fewer than 10 cases with two-chambered heart surviving to adulthood have been reported worldwide[3-7], including a Japanese patient who has survived the longest (42 years). The two-chambered heart is characterized by a single atrium and a single ventricle connected by a common atrioventricular valve. Since most patients carrying this heart defect die before or around the age of 20 years[3-6], pregnancy in these patients is very rare, and how this disease affects the pregnancy outcome is rarely described. Here, we report a case of two-chambered dextrocardia and multiple miscarriages.

CASE PRESENTATION
Imaging examinations
Cardiac color doppler ultrasound (Figure 1) revealed single ventricle dextrocardia (57 mm × 50 mm), anatomical left ventricular morphology, and small stumps only in the ventricular septum; single atrium (67 mm × 41 mm); aorta located on the left posterior side, and pulmonary artery on the right front side, both originating from the main ventricle cavity; pulmonary valve thickening and adhesion, with limited opening; main pulmonary artery diameter of 14 mm; ill-defined left and right pulmonary arteries; aorta diameter of 36 mm; and right-sided aortic arch with right-sided descending aorta. Abdominal B-ultrasound (Figure 2) showed situs inversus totalis. The liver and spleen were on the left and right sides, respectively. Electrocardiography revealed dextrocardia, sinus tachycardia and left ventricular hypertrophy. Abdominal B-ultrasound (Figure 3) showed an anteverted uterus, with a volume of about 72 mm × 65 mm × 50 mm. A liquid dark area with a volume of 21 mm × 27 mm × 9.8 mm was visible in the uterine cavity, with no obvious yolk sac and embryo echo observed. The left ovary (2.8 cm × 1.7 cm × 1.5 cm) was located in front of the left side of the uterine floor. The right ovary (3.2 cm × 2.1 cm × 1.6 cm) was located on the upper right side of the uterine floor. In addition, X-ray film showed that the heart was located on the right side of the chest, with the apex towards the right (Figure 4). Cardiac magnetic resonance imaging (Figure 5) revealed single ventricle with anatomical left ventricular morphology, single atrium and a common atrioventricular valve.

Other tests: chromosome karyotyping in blood cells and villous tissues showed no suppressive, pathogenic and clear chromosomal microdeletion/microduplication syndromes or aneuploidy abnormalities, based on the GRCH37/hg19 N reference genome, representing the X or Y chromosome (Figure 6).

Laboratory examinations
Blood gas analysis showed a PaO2 of 44 mmHg (normal level: 80–100 mmHg) and a PaCO2 of 31.7 mmHg (normal level: 35–45 mmHg). Routine blood test revealed red blood cell count of 7.37 × 1012 (normal level: 3.8× 1012–5.1 × 1012), hemoglobin 209.0 g/L (normal level: 115–150 g/L), progesterone 9.3 nmol/L and human chorionic gonadotropin (hCG) at 4288.0 mIU/ML. The indicators of blood biochemistry, liver and renal functions, myocardial enzyme and coagulation function were all unremarkable. 

Physical examination
The examination showed blood pressure (BP) of 134/52 mmHg, heart rate 137 beats/min, respiratory rate 18 breaths/min, and 68% SPO2, (mask oxygen inhalation). After a 30-min rest, BP was 103/62 mmHg, heart rate 86 beats/min and SPO2 75%. The patient was conscious, and her average IQ was evaluated by Wechsler Adult Intelligence Scale. Her height was 161 cm, weight 41 kg, body mass index 15.8 kg/m2, with high zygomatic arch, irregular teeth, and obvious cyanosis of the lips. No significant filling of the jugular vein was seen, and clubbing digits as a symptom of cyanotic heart disease and arachnodactyly related to Marfan’s syndrome were observed. The strongest point of the apex beat was located in the 5th intercostal space of the right midclavicular line, and a grade 3/6 systolic blowing murmur was heard along the right sternal border. The abdomen was soft, with the lower part slightly dilated and no tenderness, rebound tenderness, or muscle tension. No enlargement was palpated in subcostal areas of the liver and spleen. Gynecological examination revealed an unobstructed vagina containing moderate amounts of dark red blood. The uterine orifice was closed, with no tissue incarceration or significant active bleeding. 

Personal and family history
Menstrual, marital and childbearing history: the patient had regular menstrual periods, starting at age 14 years (menstruation, 5/25 d). She got married at age 24 years to a healthy husband. Consanguineous marriage was refused. Eight pregnancies were reported; all of which resulted in spontaneous abortions. She had no history of specific infections (e.g., rubella) during pregnancy, and no intake of teratogenic drugs or radiation exposure were reported. No known family history of congenital heart defects was reported.

History of past illness
The patient had a history of congenital heart disease (the specific type was unknown). 

History of present illness
She had a history of cyanosis since birth, which was aggravated by crying and recurrent syncope since age 2 years. Normally, she was active and asymptomatic. Chest distress, shortness of breath and exacerbated cyanosis only occur during a heavy workload. Her last menstruation occurred on December 27, 2016. A detec   rise in urinary hCG was found on January 10, 2017. Intrauterine pregnancy was revealed, but no embryo or fetal vascular pulsation was detected by B-ultrasound. She was advised re-examination within a week. However, for various reasons, she did not undergo any further check. Five days prior to revisit, she noticed vaginal bleeding and developed chest tightness, shortness of breath, dyspnea, and exacerbated cyanosis of the lips occurred 1 d prior to the visit. 

Chief complaints
 A 40-year-old woman presented with cyanosis for 40 years, cessation of menstruation for > 3 mo, vaginal bleeding started 5 d ago, and chest tightness, shortness of breath and exacerbated cyanosis the day before.

FINAL DIAGNOSIS
The following diagnoses were: (1) missed abortion; (2) complex congenital heart disease with dextrocardia, single atrium, single ventricle, and grade III cardiac function; (3) situs inversus totalis; and (4) secondary erythrocytosis.  

TREATMENT
After admission, she rested in bed and was given high-flow mask oxygen inhalation to improve cardiac function. B-ultrasound-guided uterine aspiration was performed to absorb 8 g organized villus and 10 g decidual tissues, with little bleeding. 

OUTCOME AND FOLLOW-UP
One day after the operation, the patient was discharged. Postoperatively, cyanosis and fatigue-induced shortness of breath were gradually relieved. Three days after the procedure, off-bed activities were reported, and vaginal bleeding stopped after 5 d. She returned to normal life after 1 wk. At 12, 24 and 36 mo after discharge, the patient revisited the hospital for evaluation. She could engage in daily housework and worked as an online salesperson. The patient has had no further pregnancy. After a cold, cyanosis was aggravated, and relieved after recovery. She reported no routine medication.

DISCUSSION
Only a few patients with two-chambered heart surviving to adulthood have been reported, including two in Poland aged 23 and 19 years[3], one in Iran aged 22 years[4], one in Sri Lanka aged 25 years[5], one in China aged 20 years[6], one in Japan aged 42 years[7] and one in the United States aged 25 years[8]. Here, we reported a rare case with two-chambered heart, situs inversus totalis and multiple miscarries (Figure 7). The current patient was 44 years old at last follow-up. She had undergone no surgical interventions and could tolerate multiple miscarriages and survived to date, which is rare in clinical practice. Familial single ventricle has been reported[9], and sisters with the same parents have been successively diagnosed with this disease, suggesting that such isolated, similar and rare congenital cardiac malformations might be associated with genetic factors. 

The current patient had adverse pregnancy outcome and early abortion eight times, and genetic factors could not be entirely ruled out. Therefore, chromosomes in peripheral blood and intrauterine villus tissues were assessed, and no related chromosomal abnormalities were detected. The possibility of chromosomal anomalies was excluded. The 30%–50% increase in cardiac output is associated with pregnancy. For pregnant women with congenital heart defects, there is no safety net to balance the nonpregnant state[8]. The hemodynamic changes during pregnancy may have deleterious effects on cardiac function, and poor cardiac function may in turn lead to insufficient uterine perfusion and subsequent abortion. Markov et al[10] reported a woman with a two-chamber heart alone who survived to the age of 40 years and experienced multiple failed pregnancies (premature birth or miscarriage) for unknown reasons. In this case, B ultrasound showed that the angle between the uterine neck and the uterine body was located behind the uterus, indicating that the uterus was completely inverted. Although the sizes of the ovary and uterine were normal, the inverted uterine and hypoxia condition might be other causes of multiple miscarriages. 

Consistent with Blackford’s study[11], the findings of familial single ventricular patients[9] and a long-term follow-up study of a 61-year-old patient with single ventricle[12] support that pulmonary stenosis might be the main reason for longer survival of single ventricular patients. In the current case, pulmonary subvalvular stenosis was present, and pulmonary vascular resistance was normal, with no significant pulmonary hypertension. This suggests that there may be less mixing of arteriovenous blood. In addition, the oxygen dissociation curve was shifted to the right, oxygen utilization was increased, and compensatory erythrocytosis and tolerance to hypoxia were found. Therefore, the patient could survive to adulthood. The formation of a two-chambered heart is likely associated with Marfan’s syndrome[13]. The present patient had arachnodactyly, a high palatal arch, dentition dislocation and irregularity, with no bone, eye or aorta abnormalities, and was suspected of Marfan’s syndrome and situs inversus totalis, which is clinically rare. 

The current two-chambered heart patient has outlived all similar cases reported so far, and remains active, with no major health issues beyond the congenital heart malformation and multiple abortions.

CONCLUSION
The two-chambered heart is a complex congenital heart defect and few people survive to adulthood. Pregnancy may adversely affect cardiac function in patients with a two-chambered heart, and poor cardiac function may lead to hypoperfusion of the uterus and subsequent abortion. Patients with a two-chambered heart should seek appropriate counseling with regard to potential health risks. 
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Figure Legends
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Figure 1 Two-dimensional echocardiographic apical 4-chamber view. A: Common atrium, single ventricle; B: Hypoplastic pulmonary artery arising from single ventricle; C: Aorta arising from single ventricle; D: Continuous wave Doppler at pulmonary valve with gradient of 55.6 mmHg. SV: Single ventricle; SA: Single atrium; AO: Aorta; PA: Pulmonary artery. 
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Figure 2 Abdominal B-ultrasound showing the liver was on the left side and the spleen on the right. PV: Splenic vein; HV: Hepatic vein. 
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Figure 3 Abdominal B-ultrasound findings. The angle between the cervix and the uterine body is located behind the uterus. The uterus has left and right mirror inversion. BL: Bladder; UT: Uterus; GS: Gestation sac. 
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Figure 4 X-ray showing the heart is on the right side of the chest, with the apex to the right. 
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Figure 5 Cardiac magnetic resonance imaging showing SV with anatomical left ventricular morphology, SA and common atrioventricular valve (arrow). SV: Single ventricle; SA: Single atrium. 
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Figure 6 Chromosome analysis. A: Peripheral blood; B: Villus tissues, showing no suppressive, pathogenic, and clear chromosomal microdeletion/microduplication syndrome or aneuploidy abnormality, based on the GRCH37/hg19 N reference genome, representing the X or Y chromosome. 

[image: ]
Figure 7 Patient’s viscera distribution sketch: single ventricle is located on the right side of thoracic cavity, apex of heart points to the right lower side. Aorta position is anterior to SV, superior vena cava is divided into two and converges into SA. The liver is located in the left upper abdomen, the spleen is located in the right upper abdomen, and the inferior vena cava is located in the left side of the midline. R-SVC: Right superior vena cava; L-SVC: Left superior vena cava; SV: Single ventricle; AO: Aorta; IVC: Inferior vena cava; SP: Spleen.
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