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    The prenatal diagnosis and management of fetal disorders are some of the most common challenges in obstetrics since some of these disorders can have devastating consequences for both the mother and fetus or neonate. Close antenatal surveillance is of paramount importance because these fetal disorders are the cause of an increased risk of stillbirth, neonatal death, spontaneous or indicated preterm birth, neonatal morbidity and abnormal short and long-term neurodevelopment. Some of these disorders may also carry a significant risk for recurrence in the pregnancies to follow, which makes genetics an integral part of the evaluation.




    Given the tremendous technological advances in fetal imaging, by ultrasound and MRI, over the last four decades and the huge impact of fetal disorders on both maternal and fetal/neonatal health, this book on “Diagnosis and Management of Fetal Disorders” will hopefully be an extremely significant and timely contribution. This textbook is unique because it provides brief, clear, succinct information on the most commonly diagnosed fetal disorders. Front line health care providers can use this current information in the initial care of patients and before referral to subspecialists for the most complicated cases. The book’s strength lies in its simplicity and its world-renowned experts as contributors.




    Given the short and long-term health consequences of fetal disorders, it remains vital for the international community to be familiar with cutting-edge fetal medicine information including not only fetal structural malformations but also disorders such as intrauterine fetal death and fetal infections. This textbook covers the most important topics in Fetal Medicine. Each chapter is well organized using a reader-friendly format including definition, prevalence, etiology, prenatal imaging (ultrasound and/or MRI) diagnosis, genetics, and prenatal and postnatal counseling of each disorder.




    The textbook “Diagnostic and Management of Fetal Disorders” results from a combined effort of distinguished contributors, Dr. Boris Petrikovsky and Dr. Harris Cohen who are well-recognized authorities in the field of fetal medicine.




    In my view, this textbook on “Diagnostic and Management of Fetal Disorders” covers every aspect of the most common fetal disorders and provides clear and succinct up-to-date information like no other text. This textbook will serve as the source of valuable information for front line healthcare providers. Therefore, I strongly recommend its reading by all those frontline health care providers who are involved in prenatal diagnosis and management of fetal disorders.
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    Fetal Medicine is one of the fastest developing fields of medicine. This century has witnessed exponential developments in fetal medicine and surgery prompted by advancements in fetal imaging, including but not limited to 3D and 4D ultrasound and fetal MRI. New developments in prenatal genetics (e.g., screening based on non-invasive analysis of fetal cells in maternal circulation) have pushed investigators to make earlier and more accurate fetal diagnoses including those in the 1st trimester.




    All of these developments make textbooks, even recently published ones, less accurate, with most management recommendations now obsolete. This encouraged us to put together a new manuscript. Our goal was to create a practical guide to the common fetal anomalies. Our targeted audience include medical students, medical sonographers, attendings and residents in obstetrics, pediatrics, and radiology. The structure for each chapter includes definitions and prevalence of a particular abnormality, major principles of its diagnosis, genetics, prenatal strategy, neonatal management, clinical outcomes, and prognosis. We hope this book will serve as a helpful and practical reference book.




    




    

      B. Petrikovsky


      Professor & former Chair of Obstetrics and Gynecology


      Nassau University Medical Center, East Meadow, NY,


      USA


      


      &


      


      Harris L. Cohen


      Professor and Chairman of Radiology


      Professor of Obstetrics and Gynecology and Pediatrics University of Tennessee Health Science Center Radiologist-in-Chief Le Bonheur Children Hospital


      Memphis TN


      Tennessee


      USA

    




    


    


    


    


    


    


    


    


    


    


    


    


    


    




    KEYWORDS




    Chapter 1




    Central nervous system anomalies, Spina bifidum, Ventriculomegaly.




    Chapter 2




    Absent Nasal Bone, Facial Clefts, Microphthalmia, Nuchal Translucency.




    Chapter 3




    Congenital lung disease, Fetal surgery, Hydrothorax.




    Chapter 4




    Ebstein Anomaly, Echogenic Foci, Fetal Echocardiography.




    Chapter 5




    Bowel Herniation, Double-Bubble, Gastroschisis, Omphalocele.




    Chapter 6




    Congenital Hydronephrosis, Posterior Urethral Valves, Renal Agenesis.




    Chapter 7




    Achondroplasia, Dwarfism, Skeletal Dysplasia.




    Chapter 8




    Fetal Anemia, Maternal Mirror Syndrome, Polyhydramnios.




    Chapter 9




    Fetal Teratoma, Placental Chorioangioma, Rhabdomyoma.




    Chapter 10




    Chorionicity, Twins, Triplets.




    Chapter 11




    Covid-19, Toxoplasmosis, Zika.




    Chapter 12




    Funic Presentation, Nuchal Cord, Placental Hematoma.




    Chapter 13




    Fetal Assessment, Fetal Demise, Perinatal Mortality.


  




  




  




  

    ACKNOWLEDGEMENTS




    


    


    


    


    


  




  




  

    Authors want to thank M Terrani, MD, for providing continuous encouragement and support while working on this manuscript.




    Authors express gratitude to the following individuals, whose technical support made this book possible.




    

      Alison Dillon, Eliyahu Petrikovsky, Kristina Coleman, Natalie Montgomery


    


  




  




  

    DEDICATION




    


    


    


    


    


  




  

    To the memory of my parents, my wife Muriel, my children and grandchildren. BP




    To my wife, children, and grandchildren, and to my patients and their families. HLC


  




  




  




  

    Abnormalities of the Central Nervous System




    


    Boris M. Petrikovsky, Harris L. Cohen


    


    


    


  




  

    

      Introduction




      Anomalies of the central nervous system include birth defects of the brain and spinal cord. These abnormalities may be caused by a variety of factors including genetics, medications, toxins, and infectious agents, among others. Central nervous system abnormalities may be divided into three groups: incompatible with life (e.g., anencephaly), requiring in-utero surgery in some cases (e.g., spina bifidum), or post-delivery follow-up and/or treatment (e.g., ventriculomegaly).




      

        Agenesis Of The Corpus Callosum




        Definition: The corpus callosum is the largest of the medial interhemispheric commissures connecting the right and left halves of the brain. In agenesis of the corpus callosum (ACC) the connecting neurofibers of the commissure fail to develop.




        Prevalence: 3.5 per 1000 live births [1].




        Major Principles of Diagnosis: At times, the sonographic diagnosis of ACC may be difficult: 10 to 15% of ACC cases may be missed including in patients who underwent more than one ultrasound examination during their pregnancy. Ultrasound signs of agenesis of the corpus callosum include wide separation of the frontal horns of the lateral ventricles and a high riding third ventricle because the corpus callosum is no longer present to prevent its upward positioning. Lateral ventricles may be teardrop shaped (colpocephaly) with only the posterior portion full or dilated. Image findings of concern for ACC include difficulty in imaging a cavum septum pellucidum and mild ventriculomegaly including the aforementioned colpocephaly with its enlargement of the occipital horns of the lateral ventricles.




        At times one may see an associated midline cyst and /or lipoma [2]. The cavum septum pellucidum (CSP) which is absent in cases of ACC would normally appear as two parallel lines separated by cerebrospinal fluid (CSF). A cavum may be seen between the frontal horn as early as 14 weeks gestational age in the axial (BPD) plane. In complete agenesis of the corpus callosum, a cavum is not seen. It




        is absent in a complete ACC although it may be seen in cases of partial ACC. If a septum pellucidum cannot be found and there is dilation of the occipital horns, differential diagnostic considerations should include lobar (but not alobar holoprosencephaly with its single ventricle) and agenesis of the corpus callosum. Nonvisualization or an abnormal appearing CSP and/or ventriculomegaly are the most common indications for MRI of the fetal brain. MRI can detect most callosal dysmorphology by 22 weeks gestation. This may include complete or partial ACC and some associated abnormalities such as septo-optic dysplasia, neuromigrational abnormalities and brainstem kinking (pontomesencephalic dysmorphology). Complete brain anatomy evaluation may help note any concern for a syndromic abnormality. Such information helps in parental counselling regarding the fetal/perinatal prognosis. MRI timing should balance the need for earlier diagnosis with the greater ease of anatomical imaging of the brain in later 2nd and 3rd trimesters [3].




        Early Diagnosis: Corpus callosum development is not complete until at least 18-20 weeks gestation, A first trimester diagnosis is therefore not feasible.




        MRI Diagnosis: MRI can image a normal versus an abnormal corpus callosum after 22 weeks and in many cases between 20-22 weeks [4] (Fig. 1). Examinations performed after 30 weeks can evaluate the brain's gyral pattern to rule out any associated lissencephaly.




        Prenatal Management: Prenatal management should include a search for any associated abnormality, Karyotyping, microarray analysis, counseling by a pediatric neurologist or neurosurgeon, and serial ultrasounds can help note if there is progressive ventriculomegaly.




        Prognosis: At least 60% of children with isolated ACC may have mild behavioral problems. Agenesis of the corpus callosum (whether partial or complete) seems to have no bearing on the prognosis. Patients with agenesis of the corpus callosum may have difficulties with language (expressive) and/or social skills. Familial recurrence of ACC depends on its etiology and ranges between 2 to 4% [5-9].
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Fig. (1))


        Agenesis of Corpus Callosum. MRI.

      




      

        Anencephaly and Acrania




        Definition: Anencephaly is an anomaly in which the cerebral hemisphere and skull are absent. Acrania, or exencephaly, is characterized by the absence of the skull, bones, or cranium. Despite this, substantial brain tissue may be present.




        Prevalence: Anencephaly is the commonest neural tube defect (NTD) occurring in 1/1000 pregnancies [10]. Anencephaly occurs when there is failed closure of the rostral neuropore. This occurs during the first 28 days following conception [11].




        Acrania develops early in the fourth week of gestation. The cranial bones do not develop, and the brain is exposed to amniotic fluid [10].




        Major Principles of Diagnosis: Anencephaly is diagnosed when the upper portion of the cranial vault is not visualized. Despite some sources suggesting a normal facial appearance, the orbits without the calvarium look like those of a frog (frog eyes) or Mickey Mouse ears linked to the fetal face (Fig. 2).
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Fig. (2a))


        Anencephaly. Ultrasound.



        Early Presentation: Cranial calcification occurs at 11-12 weeks of pregnancy. A “murky” appearance of amniotic fluid in the first trimester of pregnancy is concerning for anencephaly.




        Genetics: Anencephaly results from the failure of closure of the rostral neuropore within the first 28 days following conception [11]. Acrania originates at the beginning of the fourth week. The bony tissue over the brain fails to develop, leaving the brain exposed to amniotic fluid [10]. Neural tube defects, including anencephaly and acrania, have multifactorial etiologies. Anencephaly has also been associated with amniotic band syndrome, chromosomal abnormalities (trisomy 18, ring chromosome 13), prenatal folic acid antagonist exposure, maternal diabetes, and hyperthermia [10-12]. Syndromes in which anencephaly has been reported include Meckel-Gruber, hydrolethalus, and acrocallosal disorders, among others [13]. Anencephaly is frequently associated with other malformations, including facial clefts, ear and nose anomalies, congenital heart, renal and gastrointestinal defects, and micropenis. Karyotyping is not needed in cases of isolated anencephaly. Amniocentesis should be offered when other anomalies are noted [10]. Recurrence risks for future pregnancies is 2% to 5%. Folate given as a preconceptual supplement may reduce the risk of reoccurrence by 70%




        Prenatal Management: Anencephaly and acrania are uniformly lethal. Pregnancy termination should be offered in case of either anomaly. If the patient chooses to continue the pregnancy, nonaggressive obstetric management is indicated.




        Neonatal Outcome: Essentially all neonates die within the first postnatal week. If intubated, it is likely that a neonate can be kept alive for longer. This fact has important implications for harvesting organs for transplantation [10].
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Fig. (2b))


        Anencephaly. Ultrasound (3D image).

      




      

        Brain Cysts




        Intracranial cysts may be extra-axial (arachnoid), intraparenchymal (periventricular pseudocyst) or intraventricular (choroid plexus cysts).


      




      

        Arachnoid cyst




        Definition: Arachnoid cysts are unilocular and avascular cysts which do not communicate with the ventricles (Figs. 3 and 4). They are often found between the hemispheres in the brain midline. One in ten are found in the posterior fossa typically posterior to the vermis. They can be mistaken for abnormalities of the cisterna magna. Their asymmetry and often off midline position in the posterior fossa solidify the diagnosis of a subtentorial arachnoid cyst rather than a Dandy-Walker cyst. Arachnoid cysts are typically detected after 20 weeks of gestation.
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Fig. (3))


        Arachnoid Cyst. Ultrasound.
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Fig. (4))


        Arachnoid Cyst. MRI.



        Genetics and Perinatal Management: Arachnoid cysts are associated with other CNS anomalies in over 50% of cases [14]. The most common CNS anomalies are absent septum pellucidum and agenesis of the corpus callosum [15, 16]. There are rare associations with chromosomal defects, mainly trisomy18 or trisomy 12. Ultrasound scans every 4 weeks help monitor the size of the cyst and possible compression resulting in ventriculomegaly. Fetal brain MRI may be useful if ultrasound suggests the presence of other brain abnormalities. The presence of an arachnoid cyst is not an indication for cesarean section as long as the head circumference is less than 40cm.




        Neonatal Management and Prognosis: Isolated small cysts are associated with normal neurodevelopment. Large and compressing cysts, when present, may require surgery to prevent long-term sequelae, including seizures, headache, motor deficit, or developmental delay. Only 2% of affected individuals are symptomatic [17]. The recurrence rate is very low. Familial cases of fetal arachnoid cyst have been reported [14].


      




      

        Cavum Septi Pellucidi and Vergae and Their Abnormalities




        Definition: The cavum septi pellucidi (CSP) is a fluid-filled cavity noted in the midline of the brain between the frontal horns. This cavity will normally close when its lateral borders, the two septa, typically come together near term [18]. These septa are translucent leaflets extending from the corpus callosum to the superior aspect of each fornix. The fluid-filled CSP may extend posteriorly as the cavum vergae. It is noted in the midline of the sagittal view below the corpus callosum [19]. The cavum vergae is a posterior extension of the CSP.




        Prevalence: 1.4 per 1,000 ultrasound examinations [20].




        Major Principles of Diagnosis: An inability to image the cavum septi pellucidi is not uncommon before 20 weeks. In such cases, the patient should be reevaluated on a follow-up ultrasound [20]. Cavum septi pellucidi is best detected on a coronal view of the fetal brain between the frontal horns of the lateral ventricles or a midline sagittal view. The size of the cavum septi pellucidi whether determined by width or AP diameter differs significantly between the second and third trimesters. Like the BPD, CSP measurements correlate with gestational age. The cavum septi pellucidi closes with greater gestational age. It can be found in 90% of premature but only 60% of full-term infants. A cavum vergae can be seen in any fetus less than 28 weeks’ gestation. Cavum vergae closure is also more common as gestational age increases.




        Early Presentation: Since septi pellucidi begins to develop at 10-12 weeks gestation, their visualization is not expected in the first trimester.




        Prenatal Management:




        1. Search for associated anomalies




        2. Karyotyping, microarray analysis




        Prognosis: The discovery of an enlarged cavum septi pellucidi or cavum vergae in the absence of any other anomaly is of unclear clinical significance [20]. Enlargement of a cavum septi pellucidi has been reported in fetuses with 22q11 deletion syndrome, arthrogryposis, polycystic kidneys, cystic hygroma, short stature, hydrocephalus, periventricular calcification, myotonic dystrophy, volvulus, and congenital heart disease [20-24]. The presence of a large cavum septi pellucidi was significantly higher in a group of patients with schizophrenia spectrum disorders compared to controls (odds ratio, 1.59) [23]. Of note, is the fact that schizophrenia has also been associated with 22q11 deletion syndrome [23]. Absence of the septum pellucidum (ASP) may be associated with De Morsier syndrome, which may have hypothalamic deficiency, and/or optic nerve hypoplasia (Figs. 5 and 6). Some of these patients may have schizencephaly. Absence of septi pellucidi may be simulated by their fenestration from the pressure on them over time in cases of hydrocephalus.
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Fig. (5))


        Absent Septi Pellucidi. Ultrasound.

      




      

        Cephalocele




        Definition: Cephalocele is a herniation of cranial contents through a skull defect. When the cephalocele contains brain tissue, it is called an encephalocele. If it contains cerebrospinal fluid only, it is called a meningocele [25]. Cephaloceles may be frontal, basal, or occipital. They may be transethmoidal, sphenoethmoidal, sphenomaxillary, spheno-orbital, intrasphenoidal midline transtemporal or transsphenoidal [26]. Atretic encephaloceles are skin-covered sub-scalp lesions typically in the parietal or occipital regions and often associated with other intracranial abnormalities. An occipital encephalocele protrudes through the occipital bone or through the foramen magnum. It is the most common type of encephalocele in the Western hemisphere [26]. Frontoethmoidal encephaloceles are common among Asians [27].
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Fig. (6))


        Absent Septi Pellucidi. MRI.



        Prevalence: 0 .8 per 10.000 births [25].




        Major Principles of Diagnosis: Cephalocele is a cystic or predominantly solid mass that extends through a defect in the calvarium (Fig. 7). The defect in the skull may sometimes be visible (Fig. 8). The head circumference and biparietal diameter may be significantly smaller than expected [28].




        Early Diagnosis: 80% of posterior encephaloceles are detected during the first trimester of pregnancy [29].




        Genetics and Prenatal Management: Most cases of encephalocele are sporadic. If a posterior encephalocele is part of an autosomal recessive disorder, the recurrence risk is 25% [28]. An amniocentesis or chorionic villus sampling with chromosomal microarray analysis (CMA) should be offered in fetuses noted to have a cephalocele. If there are additional anomalies or a family history of a specific condition, exome sequencing may be useful since CMA does not detect single gene disorders [28]. The most common genetic syndromes associated with a cephalocele include: Apert, Meckel-Gruber, Walker, Roberts, Fried-Meckel, and Voss-Cherstvoy. Serial sonographic assessments with MRI for selected cases as well as fetal echocardiography are indicated. Cesarean sections are indicated for large lesions to minimize brain trauma. There is no fetal intervention for this condition. Delivery should take place in a tertiary center that has facilities to manage the baby postnatally [26].
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Fig. (7))


        Encephalocele. Ultrasound. (Arrows point to occipital bone defect).
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Fig. (8))


        Occipital Encephalocele. MRI.



        Prognosis: The prognosis for neonates with encephalocele depends on the location, size, content of the lesion, and presence of associated intracranial and extracranial malformations [30]. Postnatally, encephaloceles require surgery. In cases of frontal lesions, extensive craniofacial surgery may be required. The long-term outcome is dependent on the amount of brain tissue that has herniated and the presence of microcephaly. Hydrocephalus develops in a significant proportion of affected cases [26]. Many children with encephalocele do not reach their developmental milestones. Affected patients may have or develop ataxia, visual impairment, growth restriction, intellectual disability, and /or seizures [30].


      




      

        Choroid Plexus Cyst




        Definition: A choroid plexus cyst is a cystic structure located in the choroid plexus of the cerebral ventricles. Choroid plexus cysts are not true cysts, but fluid filled spaces of the choroid plexus (Fig. 9).
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Fig. (9))


        Choroid Plexus Cysts. Ultrasound.



        Prevalence: 2 in 100 pregnancies [31].




        Genetics: Noting the presence of choroid plexus cysts is important because of their association with aneuploidy, most particularly trisomy 18. They are no longer thought to be associated with trisomy 21. Choroid plexus cysts if present are usually detected between 14 and 22 weeks of pregnancy and are typically less than 10mm. They are commonly unilateral but can be bilateral. Chromosomal abnormalities, specifically trisomy 18, should be ruled out particularly if the choroid plexus cyst is larger than 1cm or if multiple, bilateral, or irregularly shaped cysts are noted. The risk of an associated trisomy is 2.05% [32-34].




        Prenatal Management and Prognosis: Once a choroid plexus cyst is detected a detailed ultrasound examination should be performed with special attention to aneuploidy markers [35]. Noninvasive prenatal testing should be offered if choroid plexus cysts and other associated anomalies are found [36]. In the absence of other structural and chromosomal abnormalities, prognosis is excellent [37].




        Disorders of the Posterior Fossa: Dandy-Walker Continuum, Persistent Blake’s Pouch Cyst, and Mega Cisterna Magna




        Definition: Dandy-Walker continuum is a spectrum of findings in the posterior fossa including the classic Dandy-Walker malformation, persistent Blake’s pouch, and mega cisterna magna. In a persistent Blake’s pouch, the vermis of the cerebellum is fully formed, but neither the pouch nor the foramina of Luschka fenestrate preventing its normal decompression and the transit of CSF beyond the 4th ventricles. In abnormalities of the Dandy-Walker continuum, vermian hypoplasia of variable degrees is often detected. In a mega cisterna magna, the vermis of the cerebellum is fully formed, but the normal fenestration of Blake’s pouch and the foramen of Luschka is delayed [38]. The classic Dandy-Walker malformation is an abnormality in the development of the brain. There is an enlarged cisterna magna communicating with the 4th ventricle due to vermian dysgenisis. As a result, the classic Dandy-Walker cyst presents with an enlarged posterior fossa. Within the spectrum of Dandy-Walker continuum abnormalities are cases of partial absence of the cerebellar vermis without the enlargement of the posterior fossa.




        Prevalence: Dandy-Walker continuum is the most common group of malformations of the fetal cerebellum. It has a prevalence of 1 in 5000 births [39].




        Major Principles of Diagnosis: The intrauterine evolution of posterior fossa fluid collections is common. A Blake’s pouch cyst and/or mega cisterna magna, may disappear as the Blake pouch cyst normally fenestrates. Classic Dandy-Walker malformations show posterior fossa expansion with an uplifted tentorium (Fig. 10). Abnormalities of the posterior fossa may include Blake’s pouch cyst (or a mega cisterna magna (cisterna magna ≥ 10 mm), in which there is a normal appearing cerebellum with an intact vermis. Unlike in the classic Dandy-Walker malformation, the torcula herophili and tentorium are not elevated. In a classic Dandy-Walker malformation, there is an elevated torcula, vermian hypoplasia and communication between the cisterna magna and the 4th ventricle, A posterior fossa arachnoid cyst may simulate a Dandy-Walker cyst. Asymmetric positioning in the posterior fossa and / or mass effect on the cerebellum may help separate it from the classic Dandy-Walker malformation or other Dandy Walker continuum abnormalities [40]. Fetuses with the Dandy-Walker continuum may have complete agenesis or partial dysplasia of the midline cerebellar vermis. Absence of the vermis produces the communication between the cisterna magna and the 4th ventricle and displacement of the cerebellar hemispheres laterally. If only the inferior portion of the vermis is absent, a normal-appearing cerebellum will still be seen on some axial views. In some cases, the presence of a defect may be better demonstrated by angling the ultrasound transducer, to denote the communication between the fourth ventricle and cisterna magna . At times, this may be due to incomplete development of the inferior cerebellar vermis in the young fetus or neonate. Follow-up later in neonatal life may aid. As already stated, a posterior fossa arachnoid cyst can mimic the appearance of a Dandy-Walker abnormality [40]. The arachnoid cyst can distort and displace the cerebellum, but the cerebellar hemispheres and vermis will be normally developed. Arachnoid cysts can at times cause ventriculomegaly but are rarely associated with other anomalies. In analyzing patients for Dandy-Walker malformations, MRI may have an advantage over sonography with its better global visualization of the brain and at times easier identification of the torcula position on a sagittal view (Fig. 11).
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Fig. (10))


        Dandy-Walker malformation. Ultrasound (Axial View).
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Fig. (11))


        Dandy-Walker malformation. MRI (Sagittal view).



        Early Diagnosis: Dandy-Walker continuum has been diagnosed as early as 14 weeks with endovaginal ultrasound. The majority of Dandy-Walker continuum cases cannot be detected in the first trimester since cerebellar hypoplasia may only be seen well enough to be diagnosed only in the third trimester [41, 42].




        Prenatal Management: Once the Dandy-Walker continuum is suspected, an assessment for any associated intracranial or extracranial anomalies should be made. An absent corpus callosum has been noted in 7 to 19% of cases of Dandy-Walker continuum [38]. Cardiac, genitourinary, skeletal, gastrointestinal, and facial abnormalities have also been described in association with the Dandy-Walker continuum. A fetal echocardiography is recommended. Serial sonography, every 3-4 weeks, may help follow growth and note any developing hydrocephalus. Delivery should occur in a tertiary care facility.




        Genetics: Various chromosomal abnormalities have been reported in fetuses with Dandy- Walker continuum, including duplications, deletions, trisomies, and triploidy. The Dandy-Walker continuum is also part of more than 70 multiple malformation syndromes, including Walker-Warburg and Meckel-Gruber. Dandy-Walker continuum has been associated with maternal diabetes. Associated teratogens include retinoic acid and warfarin. Cytomegalovirus and rubella infections have been implicated in Dandy-Walker continuum as well. There is an empiric recurrence risk of 1 to 5% [39]. If isolated and without an associated syndrome, Dandy-Walker recurrence is rare. Fetal karyotyping, viral titers, and a detailed sonogram should be part of the prenatal evaluation. If there is fetal or neonatal demise, the performance of a complete autopsy including a fetal radiograph is recommended. Consultation with a dysmorphologist will assist in syndrome recognition. If a duplication or deletion is discovered in the fetus or neonate, parental karyotypes should be obtained to make sure there is no balanced translocation carrier status. Chromosome 3 ZIC genes/mutations have recently been implicated in a variety of congenital malformations, including Dandy-Walker continuum, holoprosencephaly, neural tube defects, and heterotaxy [39].




        Neonatal Outcome: The structure of the vermis appears crucial in predicting neurological outcomes. Children with a vermis with two fissures, three lobes, and a fastigium typically do well. Those with an abnormal vermis that is dysplastic or malformed or with fissural absence will have at least some intellectual impairment. Vermis anatomy in the Dandy-Walker continuum has been statistically correlated with neurological and intellectual outcomes [40].


      




      

        Holoprosencephaly




        Definition: Holoprosencephaly is a brain anomaly in which the prosencephalon (the embryonic forebrain) fails to divide (diverticulate) into two hemispheres. Both forebrain and face development starts during the fifth and sixth weeks of pregnancy [43].




        Prevalence: It is an uncommon entity with a prevalence under one in 10,000 pregnancies. That prevalence however is higher when including pregnancy terminations. Holoprosencephaly is noted in 1 in 200 aborted embryos [44].




        Major Principles of Diagnosis: Holoprosencephaly has various forms and degrees of abnormality. That spectrum is often divided into 3 types: (Table 1) Alobar holoprosencephaly, the most severe form, consists of a brain without diverticulation, often with associated, midline facial anomalies of variable severity. Facial abnormalities to look for include cleft lips and/or palate, abnormal nose or (proboscis) which may be malpositioned and abnormal eyes and orbits including cyclopia, a single midline eye. In semilobar holoprosencephaly (Fig. 12), the brain’s hemispheres are partially divided. Lobar holoprosencephaly (Fig. 13), the least abnormal end of the spectrum, may be difficult to pick up prenatally. There will be at least some diverticulation of the ventricular system and division of the brain into two hemispheres. Syntelencephaly, is the term used for a middle interhemispheric variant of holoprosencephaly, wherein both the posterior frontal lobe and the parietal lobe are not separated, but the rostrobasal forebrain is separated. The etiology of holoprosencephaly is multifactorial. Causes may include chromosomal or gene abnormalities, teratogen exposure, among others. Holoprosencephaly may be part of several syndromes. A quarter to half of all cases have a chromosomal abnormality, classically trisomy 13. Among those with a “normal” karyotype, one in 10 will have a microdeletion or duplication [43-45] (Fig. 14).




        

          Table 1 Types of Holoprosencephaly.




          

            

              

                	Brain Structures



                	Alobar



                	Semilobar



                	Lobar

              


            



            

              

                	Olfactory bulbs/tracts



                	Fully or partially absent



                	Present



                	Present

              




              

                	Corpus Callosum



                	Absent



                	May be partially seen



                	Normal or incomplete

              




              

                	Interhemispheric Fissure



                	Absent



                	Present posteriorly



                	Present

              




              

                	Thalamic Nuclei



                	Fused



                	Partially fused



                	Separated

              




              

                	Third Ventricle



                	Absent



                	Incomplete



                	Often incomplete

              




              

                	Facial Malformations



                	Often Severe



                	Mild or absent



                	Usually absent
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Fig. (12))


        Semilobar Holoprosencephaly. MRI (Axial plane).
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Fig. (13))


        Lobar Holoprosencephaly. MRI (Axial plane).
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Fig. (14))


        Holoprosencephaly. Ultrasound (Sagittal plane).



        Early Diagnosis: Holoprosencephaly diagnosis is reported as early as 10 and 14 weeks of pregnancy gestational age on the basis of an abnormal face and absence of the “butterfly” sign or an abnormality of the face [46, 47]. The butterfly sign is a term for the normal appearance of right and left choroid plexuses on the axial view of the head resembling the shape of a butterfly with the falx cerebri seen in the midline [45, 46]. In the second trimester scan, the diagnosis of alobar holoprosencephaly becomes easier. A key finding is the absence of the cavum septum pellucidum (CSP). The inability to demonstrate a normal CSP may be the only suggestion of holoprosencephaly. In studies in which a normal cavum septum pellucidum is not demonstrated, careful ultrasound follow-up examination is necessary and at times may be aided by endovaginal ultrasound, three-dimensional volume acquisition US or fetal MRI imaging [45].




        Genetics and Prenatal Management: A variety of anomalies beyond the face and skull may be seen with holoprosencephaly. These include: genital defects (24%), postaxial polydactyly (8%), vertebral defects (5%), limb reduction defects (4%), and transposition of the great arteries (TGA) (4%) [44]. Thirteen genes are known to be associated with holoprosencephaly. There is no definitive genotype-phenotype correlation [48]. If a specific mutation is found responsible for holoprosencephaly, recurrence risks may approach up to 20% in an otherwise normal family [49]. The sonic hedgehog gene is thought to be important in providing signals for sonic hedgehog protein production, a key to proper embryonic development which if absent, may have a negative effect on brain development. Autosomal recessive syndromes associated with holoprosencephaly, include Smith-Lemli-Opitz syndrome, Meckel syndrome, and hydrolethalus syndrome [50]. Alcohol consumption, cigarette smoking, and retinoic acid have been suggested as possible causes of holoprosencephaly. Maternal diabetes is thought to increase the risk of holoprosencephaly up to 200 times normal [51, 52].




        Neonatal History and Prognosis: Holoprosencephaly is not uniformly lethal. Survival depends on the severity of brain and facial malformations, and the presence of chromosomal abnormalities [45]. Euploid patients with holoprosencephaly, have an inverse relationship between facial phenotype severity and life expectancy. Surviving children with alobar holoprosencephaly usually cannot sit or speak [53]. Half of the children with alobar holoprosencephaly die within the first 5 months of life. More than 50% of children with semilobar or lobar are alive at 1 year of age. At least half of those with lobar holoprosencephaly, are able to walk and speak single words. 50% of children with holoprosencephaly have at least one seizure; 40% require long term anticonvulsant therapy. Most children with holoprosencephaly have cerebral palsy. Swallowing problems are common in more severe forms. Affected children are therefore at risk for recurrent respiratory problems due to aspiration [45].


      




      

        Microcephaly




        Definition: Microcephaly is a birth defect where a fetal head is significantly smaller than expected. The onset of microcephaly can be prenatal or postnatal. It can occur as a primary defect or as a part of a malformation syndrome.




        Prevalence: 0.7/1000 births for newborns assessed through the first year of life. When fetuses with associated anomalies were included, the prevalence was 1.6/1000 births [54].




        Major Principles of Diagnosis: The diagnosis of isolated microcephaly is based on biometry rather than morphology. The biparietal diameter (BPD) by itself is unreliable because normal variations in the shape of the head can affect the measurement. When a BPD is smaller than 3 standard deviations (SD) below the mean for a given gestational age, microcephaly must be suspected. Microcephaly cannot be ruled out even if fetal head measurements are within normal limits at 20-27 weeks making an early diagnosis difficult if not impossible. Craniosynostosis (premature fusion of skull sutures) may appear on prenatal ultrasound as microcephaly. The second trimester head circumference (HC) measurements as well as growth velocities are more sensitive indicators of microcephaly. In pregnancies with a known risk for microcephaly (e.g., Zika virus infection), second trimester HC growth can be assessed as early as 17 weeks of pregnancy. If the initial HC is normal, a repeat sonographic examination can be used to determine if a growth abnormality develops later. Fetal MRI is recommended in cases of suspected or known microcephaly. MRI allows assessment of the various structures constituting the brain parenchyma (Figs. 15 and 16).
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Fig. (15))


        Microcephaly. MRI (Sagittal plane).
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Fig. (16))


        Microcephaly. MRI (Coronal plane).



        Prenatal Management: Microcephaly is the result of a diverse range of genetic and environmental factors that disrupt brain development. It can be associated with structural abnormalities, such as encephaloceles and spina bifida. In the last few years, the Zika virus has been named an infectious cause of microcephaly. Approximately 40% of microcephaly cases are of unknown etiology. When microcephaly is suspected, a meticulous search for concurrent anomalies is mandatory. There is an association between fetal microcephaly and the detection, by RT-PCR, of Zika virus in the amniotic fluid of pregnant women with symptoms consistent with Zika infection. Prenatal evaluation should include fetal karyotype and a detailed sonogram to note any organ system malformations. The presence of a fetal chromosomal duplication or deletion should prompt parental karyotypes to rule out a balanced translocation carrier status.




        Genetics: Microcephaly has been associated with more than 125 chromosomal abnormalities and more than 400 single gene disorders, teratogenic embryopathies, and multiple malformation syndromes [59]. Teratogens that have a reported association with microcephaly include congenital infections (i.e., Zika, cytomegalovirus, toxoplasma, and rubella), exposure to alcohol, hydantoin, retinoic acid, ionizing, radiation, cocaine, toluene, methylmecury and phenylalanine [55-61]. An autosomal recessive microcephaly syndrome characterized by short stature and normal intelligence has been described.




        Neonatal Outcome: The prognosis of microcephaly largely depends on the cause. Infants with autosomal recessive microcephaly develop epilepsy, mental retardation, and hypotonia. Familial microcephaly in an otherwise normal family is not associated with neurologic impairment. Microcephaly associated with other brain anomalies have a poor prognosis. Similarly, microcephaly associated with TORCH infection results in severe neurologic and brain abnormalities such as hypertonia, spasticity and seizures in 50% of cases [58]. Abnormalities, such as brain calcifications, ventricular enlargement, and / or neuronal migration disorders, are noted in some of these cases [59]. Many other brain abnormalities have been described in fetuses from mothers infected by Zika, including: agyria, small cerebellum and brain stem, open Sylvian fissures, multiple disseminated calcifications in the cortex and calcifications in the subcortical white matter. Wallerian degeneration, a small brain parenchymal volume, abnormal development of the corpus callosum, and cerebellar atrophy have been described as well [59, 60]. The risk for mental retardation in children with microcephaly unrelated to Zika, is reported to be 10.5% when the HC is between 3 SD and 3.99SD below normal, and nearly 100% when the skull is even smaller (4SD or more below the expected circumference) [61]. Acquired microcephaly develops after birth due to deceleration of brain growth and may develop in fetuses and newborns with normal head circumferences noted antenatally or at birth [62].


      




      

        Spina Bifida




        Definition: Spina bifida is a congenital defect of the spine that is the result of a failed closure of the neural tube. If only meninges protrude through this defect, a meningocele is present. If neural tissue is involved, it is called a meningomyelocele. Spina bifida can occur at any point along the spine, but it is most common in the lumbar and sacral regions.




        Prevalence: In the United States, the prevalence of spina bifida is 0.5 in 1,000 births [63]. There are, however, many variations in prevalence based on racial and geographic factors [64, 65].




        Major Principles of Diagnosis: Open spina bifida constitutes 93% of cases and closed spina bifida, 7% of cases [63]. Spinal fusion begins at the fourth somite and then proceeds rostrally and caudally. If this process is interrupted, neural tube defects can occur in both the cranial and caudal ends of the neural tube. This fact may explain the frequent association between anencephaly and meningomyelocele [66]. Both obstetrical ultrasound and maternal serum screening have proven to be effective in diagnosing spina bifida. The posterior ossification centers of the fetal spine are usually well visualized by 16 weeks of pregnancy. In a normal spine, the two posterior elements are parallel or converge toward one another. When spina bifida is present, a splaying of the posterior ossification centers can be seen in the transverse plane, giving the vertebral segment a U or V configuration when looked at from inside to outside. At the level of the lesion, the posterior ossification centers are more widely spaced than those in the vertebral segments above or below the defect. Spina bifida may be seen in the longitudinal plane, although meticulous individual vertebral body scanning in the transverse plane is required to visualize small defects. If a meningocele or meningomyelocele is present and intact, a bulging sac can be visualized as well. Small defects in the spine are difficult to visualize sonographically; however, the frequent association of spina bifida with type II Arnold-Chiari malformation of the brain has greatly enhanced the ability of ultrasound to detect spina bifida. Type II Arnold-Chiari malformation involves the inferior displacement of a variable amount of cerebellar tissue into the upper cervical spinal canal. Frontal bone flattening or inversion of the cranium (known as the “lemon” sign) Fig. (17) can be visualized. More importantly a loss of normal cerebellar shape with downward displacement resulting in a flattened, centrally curved cerebellum (known as the “banana” sign) with an effaced cisterna magna are the most specific findings. Other cranial signs, which are seen less often, include ventriculomegaly and a small for gestational age biparietal diameter. The imaging of the “banana” and “lemon” signs have both been reported as early as the second trimester of pregnancy.
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Fig. (17))


        Lemon sign in Arnold-Chiari II malformation. Ultrasound (Axial plane).



        Early Diagnosis: Open spina bifida can be suspected by a detectable marker within the brain – nonvisualization of intracranial translucency (IT). IT can be seen on the same mid-sagittal plane of the fetal head used for both the measurement of nuchal translucency and an assessment of the nasal bone. In normal fetuses the fourth cerebral ventricle presents as an intracranial translucency parallel to the nuchal translucency, while in a fetus with open spina bifida there is an absence of the IT [67, 68]. At 11-13 weeks the brain stem appears hypoechogenic whereas the IT is anechoic [69]. Retraction of frontal skull bones resulting in an acorn-shaped head with cerebral peduncles appearing parallel to each other is another indirect early sign of spina bifida [70].




        Prognosis: Usually, the legs lack function when the lesions are thoracic or high lumbar (L1-L2). Lower lumbar lesions (L3-L5) are usually associated with the possibility for walking assisted by orthopedic devices. Sacral lesions allow for plantar flexion with an ability to ambulate. Bowel and urinary incontinence are frequent problems, particularly in cases of spina bifida at higher levels but may be one of the only clinical findings in patients with lower lesions. In the majority of patients, hydrocephalus develops soon after the closure of the defect [70]. Testing knee reflexes in-utero by the spinal needle used as part of an amniocentesis procedure has been used to predict if a fetus will be able to ambulate [71, 72].




        Prenatal Management: Open spina bifida is one of the few conditions where fetal surgery appears beneficial. Candidates for in-utero surgery are patients with a singleton pregnancy, myelomeningocele between T1 and S1, a gestational age of 19.0 to 25.9 weeks, and a normal karyotype. Surgery is not indicated if the following are present: associated fetal anomalies, severe kyphosis, risk of preterm birth, a maternal body-mass index of 35 or more, or a previous hysterotomy. As compared with postnatal surgery, prenatal surgery for myelomeningocele performed before 26 weeks of gestation has decreased the risk of death or need for shunting by 12 months of age and resulted in improved scores in a composite measure of mental and motor function [64]. Reductions in rates of shunt placement in the prenatal-surgery group were likely due to the reduction in rates of hindbrain herniation (Chiari II development) as well as the improved flow of cerebrospinal fluid. Women with pregnancies complicated by fetal myelomeningocele who meet established criteria for in-utero repair should be counseled in a nondirective fashion regarding all management options, including the possibility of open maternal-fetal surgery [73]. Closed spina bifida has a much more favorable prognosis than the open forms. Indeed, many such affected individuals are asymptomatic [74].




        Genetics: Neural tube defects are generally multifactorial in nature. Spina bifida has been associated with chromosome abnormalities (trisomy 13, trisomy 18, triploidy, tetraploidy, duplications, deletions, and mosaic trisomies), prenatal valproic acid exposure, maternal diabetes, and maternal hyperthermia [74, 75]. Spina bifida has been reported as part of more than 40 malformation syndromes and has been described with increased frequency in monozygotic twins, and fetuses with cloacal exstrophy [76]. Prenatal evaluation should include a fetal karyotype and a detailed ultrasound examination. Families should be offered the opportunity to meet with a pediatric neurosurgeon. If interested, they may also benefit from visiting spina bifida team clinics and meeting parents of affected children. The presence of duplication or deletion in the fetal karyotype should prompt parental karyotyping to rule out a balanced translocation carrier status. In the event of a fetal or neonatal demise with multiple anomalies present but normal chromosomes, a complete autopsy should be offered. Genetic counseling of the family is indicated to review multifactorial inheritance, determine parental exposure, obtain a detailed family history, and to discuss empiric recurrence risks (3 to 5%). High-dose folic acid (4 mg) beginning 3 months before conception may decrease the risk of recurrence by 70% in subsequent pregnancies [76].


      




      

        Ventriculomegaly




        Definition: Ventriculomegaly, the enlargement of the brain’s ventricles is a condition diagnosed by an atrium of the lateral ventricle of ≥ 10mm width.




        Prevalence: Ventriculomegaly is the most commonly identified fetal brain abnormality with a prevalence of 0.3 to 1.5 per 1000 live births [77, 78]. The prevalence of ventriculomegaly without associated anomalies is between 0.39 and 0.87 /per 1000 live births [78]. About 60% of affected fetuses are males [79, 80].
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