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Abstract
BACKGROUND
Fetal hydrops is a serious condition difficult to manage, often with a poor prognosis, and it is characterized by the collection of fluid in the extravascular compartments. Before 1968, the most frequent cause was the maternal-fetal Rh incompatibility. Today, 90% of the cases are non-immune hydrops fetalis. Multiple fetal anatomic and functional disorders can cause non-immune hydrops fetalis and the pathogenesis is incompletely understood. Etiology varies from viral infections to heart disease, chromosomal abnormalities, hematological and autoimmune causes.

CASE SUMMARY
[bookmark: OLE_LINK4][bookmark: OLE_LINK9][bookmark: OLE_LINK10]A 38-year-old pregnant woman has neck lymphoadenomegaly, fever, cough, tonsillar plaques at 14 wk of amenorrhea and a rash with widespread itching. At 27.5 wk a fetal ultrasound shows signs of severe anemia and hydrops. Cordocentesis is performed with confirmation of severe fetal anemia and subsequent fetal transfusion. The karyotype is 46, XX, array-comparative genome hybridization (CGH) negative, and infectious tests are not conclusive. In the following days there is a progressive improvement of the indirect signs of fetal anemia. At 33.6 wk, for relapse of severe fetal anemia, further fetal transfusions are necessary and an urgent cesarean section is performed. On the day 12 of life, for the detection of anemia, the newborn is subjected to transfusion of concentrated red blood cells and begins treatment with erythropoietin. Later there is a normalization of blood chemistry values and the baby does not need new transfusions. A 29-year-old pregnant woman, with Sjogren's syndrome and positive Anti-Ro/SSA antibodies, is subjected to serial fetal ecocardio for branch block. At 26.5 wk there is a finding of fetal ascites. Infectious disease tests on amniotic fluid are negative as well as quantitative fluorescent polymerase chain reaction, Array CGH. At cordocentesis Hb is 1.3 mmol/L, consequently fetal transfusion is performed. Also in this case, due to continuous episodes of relapse of fetal anemia with consequent transfusions, at 29.4 wk a cesarean section is performed. On day 9 of life, a treatment with erythropoietin is started in the newborn, but the baby needs three blood transfusions. The search for autoantibodies in the baby found SS-A Ro60 positive, SSA-Ro52 positive and SS-B negative. The hemoglobin values normalized after the disappearance of maternal autoantibodies.

CONCLUSION
An attempt to determine the etiology of hydrops should be made at the time of diagnosis because the goal is to treat underlying cause, whenever possible. Even if the infectious examinations are not conclusive, but the pregnancy history is strongly suggestive of infection as in the first case, the infectious etiology must not be excluded. In the second case, instead, transplacental passage of maternal autoantibodies caused hydrops fetalis and severe anemia. Finally, obstetric management must be aimed at fetal support up to an optimal timing for delivery by evaluating risks and benefits to increase the chances of survival without sequelae.
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[bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK20]Core Tip: We present herein, two rare cases of non-immune hydrops fetalis with severe fetal anemia. Despite the similar onset, the etiology was infectious in the first case and autoimmune in the last one. In particular, we want to emphasize that even if the infectious examinations are not conclusive, but the pregnancy history is strongly suggestive of infection, the infectious etiology must not be excluded. Secondly, transplacental passage of maternal autoantibodies can cause hydrops fetalis and severe anemia. In any case, obstetric management must always be aimed at fetal support up to an optimal timing for delivery by evaluating risks and benefits.
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INTRODUCTION
Fetal hydrops (HF) is a serious condition difficult to manage, often with a poor prognosis, and it is characterized by the collection of fluid in the extravascular compartments. In particular, the diagnosis is based on the presence of two or more of the following findings on ultrasound examination: ascites (early sign), skin edema (later sign), pleural effusion, pericardial effusion[1,2]. 
In 1943, Potter defined two forms of HF: Immunomediated (IHF) and non-immune (NIHF). Before the use of anti-D immune globulin in 1968, the most frequent cause was the maternal-fetal Rh incompatibility, today 90% of the cases are NIHF[3] with a prevalence that ranges from 1 / 1500 to 1 / 4000 births[4-7]. Multiple fetal anatomic and functional disorders can cause NIHF and the pathogenesis is incompletely understood[8]. Etiology varies from viral infections to heart disease, chromosomal abnormalities and hematological causes[9-11].
The purpose of this report is to describe two complex cases of NIHF diagnosed in our center between 2018 and 2019, from prenatal diagnosis to neonatal management. Clinical records and laboratory data have been collected retrospectively analyzing clinical and ultrasound documentation of the mother and child.

CASE PRESENTATION
Chief complaints
Case 1: At 27.5 wk of amenorrhea a fetal ultrasound showed signs of severe anemia, as shown in Figure 1, and hydrops (ascites, diffuse edema, pericardic effusion, severe cardiomegaly and hepatomegaly).
At cordocentesis (shown in Figure 2), fetal hemoglobin (Hb) of 1.77 mmol/L is found, therefore transfusion of concentrated and irradiated red blood cells is performed and an Hb value of 4.37 mmol/L is reached. Moreover karyotype (46, XX), array-comparative genome hybridization (CGH) (negative), and infectious tests are performed on fetal blood: Cytomegalovirus IgG positive and IgM negative, herpes simplex 1 IgG positive and IgM negative, herpes simplex 2 IgG negative and IgM positive, HBsAg negative, hepatitis C virus-DNA negative, Toxoplasma IgG and IgM negative, Epstein-Barr IgG positive and IgM negative, Parvovirus B19 IgG positive and IgM negative. In the following days there was a progressive improvement of the indirect signs of fetal anemia as shown in Figure 3 (resolution of ascites and skin edema and reduction of cardiomegaly). At 31.2 wk reappearance of fetal anemia with Hb 3.29 mmol/L and 2% reticulocytes, second transfusion is performed with achievement of Hb 6.39 mmol/L. At 33.6 wk, for relapse of severe fetal anemia, an urgent cesarean section is performed, with the birth of a female fetus, fetal weight of 2080 g, Apgar 1’: 8, 5’: 9.

Case 2: For Sjogren's syndrome, the patient was subjected to serial fetal ecocardio: The exams were always negative for branch block, but at 26.5 wk there was a finding of fetal ascites. Infectious disease tests on amniotic fluid were negative as well as quantitative fluorescent polymerase chain reaction, Array CGH. At cordocentesis Hb was 1.3 mmol/L, therefore fetal transfusion is performed with Hb 4.34 mmol/L at the end of the procedure. At 27.1 wk, after ultrasound check with indirect diagnosis of severe fetal anemia, another cordocentesis is performed with Hb 2.76 mmol/L; so the second fetal transfusion is performed with the achievement of Hb 5.24 mmol/dL. At 27.6 wk a new ultrasound check is performed with ascites and hydrothorax; fetal ascites drainage (80 mL) to perform lymphocyte count, microvillary enzymes, beta-2-microglobulin. The third fetal transfusion was performed at 28.1 wk for further detection of fetal anemia (Hb 3.66 mmol/L), with Hb of 6.58 mmol/L at the end of the procedure. On the same day, two units of blood cells concentrated to the mother are transfused with maternal Hb from 4.65 mmol/L to 5.9 mmol/L.
Due to the persistence of fetal ascites and fetal anemia, at 29.4 wk a cesarean section is performed, with the birth of a female fetus, fetal weight of 1650 g and Apgar 1’: 7, 5’: 9. The pathological examination is performed on the placenta: the diagnosis was retroplacental hematoma with adaptive modifications to hypoxic suffering.

History of present illness
Case 1: In current pregnancy, the patient performed low-risk first-trimester screening. At 14 wk, she showed neck lymphoadenomegaly, fever, cough, tonsillar plaques, followed by a rash with widespread itching.

Case 2: In current pregnancy, the patient performed low-risk first-trimester screening. 

History of past illness
Case 1: Negative medical and obstetric history.

Case 2: She has β-Thalassemia intermedia and Sjogren's syndrome with positive Anti-Ro/SSA antibodies, being treated with prednisone 5 mg/d, acetylsalicylic acid 100 mg/d, calcium nadroparin 3800 UI/d and hydroxychloroquine sulphate 200 mg/d. 

Personal and family history
Case 1: The first pregnant woman is a 38-year-old Caucasian woman, non-smoker, her blood type is A Rhesus positive.

Case 2: The second patient is a 29-year-old Caucasian woman, non-smoker, her blood type is 0 Rhesus positive.

FINAL DIAGNOSIS
Case 1: The first case report represents an example of NIHF caused by post-infectious fetal anemia. A diagnosis of exclusion was made, guided by the anamnesis, which highlighted the maternal symptoms between the first and second trimester of pregnancy.

Case 2: The search for autoantibodies in the baby found SS-A Ro60 positive, SSA-Ro52 positive and SS-B negative.

TREATMENT
In both cases, prenatal treatment with fetal transfusions by cordocentesis, allowed the survival of fetuses up to an appropriate time for delivery.

OUTCOME AND FOLLOW-UP
Case 1: The newborn needed ventilatory support in n-CPAP mode in the first 10 h of life. On day 12 of hospitalization, for the detection of anemia (Hb 3.91 mmol/L), she was subjected to transfusion of concentrated red blood cells and she began treatment with erythropoietin which was continued up to 4 mo of life. Later on there was a normalization of blood chemistry values and the baby did not need new transfusions. During the hospitalization an ultrasound follow-up was performed: the ecocardium on day 3 of life showed a slight dilation of the right chambers, which gradually decreased.

Case 2: In the first hours of life the patient needed ventilatory assistance, surfactant was administered with the INSURE technique. On day 9 of life treatment with erythropoietin was started, but in the following 2 mo she needed three blood transfusions.

DISCUSSION
The causes of NIHF are heterogeneous: cardiac, pulmonary, metabolic, hematologic and infectious. Hydrops is associated with an overall perinatal mortality rate from 50% to 98%[2,12]. Even among liveborn infants, mortality is 43% by 1 year of age in one large series[7].
Despite advances in fetal diagnosis and therapy, the mortality rate has not changed substantially in recent years. For this reason it is essential to continue collecting data of this rare, serious and still difficult condition.
In general, early onset, the presence of pleural effusion and polyhydramnios before 20 wk, are poor prognostic factors especially due to the increased risk of pulmonary hypoplasia and preterm delivery. Instead, absence of aneuploidy and absence of major structural abnormalities confer a better prognosis[13,14]. 
Antenatal management includes etiological diagnosis, whenever possible. If the fetus is anemic, as in the two cases described, transfusions are carried out in the uterus waiting for the timing of delivery. Pregnancy should be managed in third-level center where a close collaboration between obstetricians and neonatologists ensures improved perinatal care.
Postnatal management initially involves stabilization of the newborn; then the goal is to identify the underlying cause and to treat it. Often, due also to pulmonary hypoplasia, these newborns need an invasive ventilatory support at birth and endotracheal intubation can be difficult due to the widespread edema that also involves the oropharynx[15]. Sometimes, these patients also need hemodynamic stabilization, by intravenous fluid infusion or by using inotropic drugs to improve cardiac output. Anemia may be due to hemolysis (thalassemia, hereditary spherocytosis), blood loss from maternal-fetal hemorrhage or reduction in fetal red blood cell production (parvovirus B19 infection). In cases where red blood cell transfusion is required, an isovolemic exchange is preferred so as not to further increase central venous pressure[16].
As described in the literature, NIHF frequently has an infectious etiology, like parvovirus B19, cytomegalovirus, syphilis and toxoplasmosis. These infections can cause fetal anemia with subsequent heart failure, or to myocarditis caused by the pathogens themselves[17]. Recently, two cases of fetal transient skin edema in pregnant women with coronavirus disease 2019 in their second trimester of pregnancy are described, resolved when maternal severe acute respiratory syndrome coronavirus-2 real-time reverse transcription polymerase chain reaction test results became negative. However, it is unclear whether skin edema in these cases was related to maternal infection[18].
The laboratory diagnosis of maternal parvovirus B19 infection is based on the search for specific IgG and IgM antibodies. Circulating IgM antibodies can be detected about 10 d after exposure and immediately before the onset of symptoms, they may persist for 3 mo or more[19]. However, the negativity of anti-parvovirus IgM can be misleading in a patient with a history and a significant clinical history, because in some cases maternal IgM levels may be lower than the detection limit and thus give a false negative, as in case 1.
The clinical cases described represent an example of post-infectious HF, the other an immune-mediated form. The diagnosis was initially oriented by the anamnesis, which highlighted in the first case the maternal symptomatology between the first and the second trimester of pregnancy, and in the other patient the autoimmune pathology. In both cases, follow-up and prenatal treatment allowed fetal survival; the management in a third level center has guaranteed the newborn adequate care at birth, and consequently a complete diagnostic-therapeutic procedure.
Both patients had severe anemia, in the first one caused by post-infectious bone marrow aplasia and the last one of autoimmune nature, both required transfusion of red blood cells both in the prenatal and post-natal periods. However, the hemoglobin values normalized after resolution of the active infection and following the disappearance of maternal autoantibodies, respectively. Follow-up did not detect new episodes of anemia or other disorders.

CONCLUSION
In conclusion, an attempt to determine the etiology of hydrops should be made at the time of diagnosis, since several etiologies can be confirmed or excluded based upon ultrasound findings. However, the cause of hydrops can be determined prenatally or postnatally in 60%-85% of cases. In the remaining cases the cause rests unknown.
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Figure Legends
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Figure 1 Diagnosis of fetal anemia. MCA-PSV ≥ 1.5 MoM for the gestational age as indirect sign of moderate to severe fetal anemia.
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Figure 2 Treatment of fetal anemia. Fetal transfusion during cordocentesis.
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Figure 3 Hepatomegaly and decreasing ascites after fetal transfusion.
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