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Housekeeping Notes

e Webinar is being recorded and will be available
within 2 weeks on our website: www.ncfrp.org

e All attendees will be muted and in listen only mode

e Questions can be typed into the “Questions and
Answer” (Q & A) pane

— Due to the large number of attendees, we may not be able
to get to all questions in the time allotted

— All unanswered questions will be posted with answers on
the NCFRP website
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About the National Center

 The National Center for Fatality Review and Prevention (NCFRP)
is a resource and data center that supports child death review
(CDR) and fetal and infant mortality review (FIMR) programs
around the country.

e Supported with funding from the Maternal and Child Health
Bureau at the Health Resources and Services Administration, the
Center aligns with several MCHB priorities and performance and
outcome measures such as:

— Healthy pregnancy
— Child and infant mortality
— Injury prevention

— Safe sleep
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Presentation Notes
The National Center for Fatality Review and Prevention is a resource center funded through a cooperative agreement with the MCHB to support child death review (CDR) and  fetal and infant mortality review (FIMR) programs around the country.  
The Center which aligns with  many of the MCHB priorities and performance and outcome measures such as those related to healthy pregnancies, child mortality and injury, safe sleep, bullying and others. 




HRSA’s Overall Vision for NCFRP

e Through delivery of data, training, and technical

support, NCFRP will assist state and community
programs in:

— Understanding how CDR and FIMR reviews can be used to

address issues related to adverse maternal, infant, child,
and adolescent outcomes

— Improving the quality and effectiveness of CDR/FIMR
processes

— Increasing the availability and use of data to inform
prevention efforts and for national dissemination

e Ultimate Goal:

— !mproving.systems of care gnd outcomes for mothersA.',..m.,m
infants, children, and families N\
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Presentation goals

e Understand the most common congenital anomalies
and their prevalence

e Discuss steps for evaluation and prevention of
possible anomalies

e Provide tips for effective review of congenital
anomalies

e Give local examples of fatality review findings that
lead to successful interventions that address
prevention of congenital anomalies o
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Objectives

* To review the epidemiology of the relationship between the
iInfant mortality rate and congenital anomalies

 To describe the most common congenital anomalies and
Infections and their association with fetal demise

 To discuss the steps for an effective evaluation of possible
anomalies and tips for an effective review
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Outline

« Background

« Common congenital anomalies

« Common congenital infections

« Steps for evaluation of possible anomalies
« Tips for an effective review

o Case examples
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Congenital Anomalies: Background

 Infant mortality rate (IMR) refers to deaths that occur during
iInfancy—the first year of life, or from a live birth to age one
e Deaths per 1,000 live births

e In USA IMR was 6.6 in 2008 -> 5.79 in 2017
» Non-Hispanic Black: 10.97 vs Non-Hispanic White 4.67
o <28 weeks 384.39 vs 37-41 weeks 2.10

 Worldwide ~7% of neonatal deaths vs ~20-25% in developed
countries due to congenital anomalies

Ely et al National Vital Statistics Reports, vol 68 no 10. 2019.
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Non-Hispanic Black: 10.97
Hispanic: 5.10
Non-Hispanic White 4.67
Non-Hispanic Asian: 3.78
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Figure 2. Infant, neonatal, and posineonatal mortality rates, by race and Hispanic origin: United States, 2017

Ely et al National Vital Statistics Reports, vol 68 no 10. 2019.
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U.S. total: 5.79

SOURCE: NCHS, National Vital Statistics System, Linked birth/infant death file.
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Figure 3. Infant mortality rates, by state: United States, 2017

Ely et al National Vital Statistics Reports, vol 68 no 10. 2019.
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Background: Causes by Race/Ethnicity

Congenital malformations
(QD0-099)

Table 4. Infant deaths, percentage of Rate {dﬂﬂths- 2017
ongenital malformations pﬂr 100 |{]ﬂu Accidents

(Q00-099) (unintentional injuries) (V01-X59)

Rate (¢ Year Number live hll‘[hs] Seathe Rate (deaths

per 10 /0,000 per 100,000

Year Number Percent  live bi iths)  Mumber Percent  live births)
2017 4,596 206 119 EE” ? 4,59‘5 1 1'9 E i3 1,313 59 341
2016 4,823 20.8 122 ] 1,217 53 308
2015 4847 207 121 A6 4 823 122.2 4 1289 55 324
2014 4,754 205 119 ! 16 1,163 5.0 29.2
2013 4778 20.4 121 17 1,150 49 29.2
2012 4,967 21.0 125 E[” 5 4 'Ed? 1 21 E 4 1,163 49 294
2011 5016 209 126 12 1,167 49 29.5
2010 5115 20.8 127 E[” 4 4-?54 1 1 92 '_5 1,107 45 277

MOTE: The five leading causes of death were the same ¢ E[” '3 4 i ??E
SOURCE: NCHS, National Vital Statistics System, Linke Eﬂ-‘E 4 Igﬁ?’
2011 5,016
2010 3,115

121.5
125.7
126.9
127.9

Ely et al National Vital Statistics Reports, vol 68 no 10. 2019.
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Table 5. Infant deaths and mortality rates for the five leading causes of infant death, by race and Hispanic origin of mother: United States, 2017
[Rates are per 100,000 live births in specified group]

American Indian or Alaska

All races White Black Native Asian’
Cause of death (based on the International Statistical
Classification of Diseases, 10th Revision, 1992) Rank Mumber Rate Rank Number Rate Rank Number Rate Rank MNumber Rate Rank Number Rate

Al causes 22,341 5795 ... 9,306 467 1 6,152 10972 ... 276 9213 ... 943 378.3
Congenital malformations, deformations and chromosomal

abnormalities (Q00-0949) 1 4,596 119.2 1 2,138 107.3 2 822 146.6 1 50 166.9 1 21 84.7
Disorders related to short gestation and low birth weight, not

elsewhere classified (PO7) 2 3,757 974 2 1,260 63.2 1 1,354 241.5 2 K1l 103.5 2 162 65.0
Newbom affected by matemal complications of pregnancy (P01) 3 1,436 vz 5 470 236 3 467 83.3 5 10 * 3 83 33.3
Sudden infant death syndrome (R95) 4 1,360 35.3 3 688 34.5 5 391 69.7 4 23 76.8 8 19 *
Accidents (unintentional injuries) (V01-X59) 5 1,313 341 4 619 34 4 397 70.8 3 25 83.5 7 25 10.0

Total Hispanic Mexican Puerto Rican Central and South American?
Cause of death (based on the Infernational Statistical
Classification of Diseases, 10th Revision, 1992) Rank Mumber Rate Rank Number Rate Rank Number Rate Rank  MNumber Rate

All causes 4,584 5009 ... 2,588 5053 ... 459 648.2 ... 653 448 .4
Congenital malformations, deformations and chromosomal

abnormalities (Q00-099) 1 1,199 1334 1 727 142.0 2 66 93.2 1 190 130.5
Disorders related to short gestation and low birth weight, not

elsewhere classified (PO7) 2 764 85.0 2 419 818 1 87 122.9 2 114 78.3
Newbom affected by matemal complications of pregnancy (P01) 3 310 345 3 162 316 3 33 46.6 3 50 343
Sudden infant death syndrome (R95) 5 174 194 5 94 18.4 5 23 325 7 19 *
Accidents (unintentional injuries) (V01-X59) 4 186 20.7 4 104 203 4 25 35.3 4 24 16.5

... Category not applicable.
* Rate does not meet NCHS standards of reliability; based on fewer than 20 deaths in the numerator.

For non-Hispanic Asian persons, Bacterial sepsis of newborn (P36) was the fourth leading cause of death, with 40 deaths and a rate of 16.0. Diseases of the circulatory system (100-199) was the fifth leading cause of death, with 27 deaths and a rate
of 10.8.

“For Central and South American persons, Mewborn affected by complications of placenta, cord and membranes (P02) was the fifth leading cause of death, with 24 deaths and a rate of 16.5.

NOTES: Reliable cause-specific infant mortality rates cannot be computed for Cuban or non-Hispanic Native Hawaiian or Other Pacific 1slander persons because of the small number of infant deaths. Race and Hispanic origin are reported separately on
birth certificates. Race categories are consistent with the 1997 Office of Management and Budget standards. Persons of Hispanic origin may be of any race.

SOURCE: NCHS, National Vital Statistics System, Linked birth/infant death file.
Ely et al National Vital Statistics Reports, vol 68 no 10. 2019.
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Fig 1 Prevalence of major congenital malformations in Swedish live singleton births between 2001 and 2014 (n=1 243 957)

Perrson, BMJ 2017
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Definition

« Congenital anomalies or birth defects

 Structural or functional abnormalities, including metabolic disorders,
which are present from birth.

» Also include inborn errors of metabolism and blood disorders
« Can cause spontaneous abortion, stillbirth, and neonatal death

A significant but underrecognized cause of mortality and
disability among infants and children under five years of age

e Can be life-threatening, result in long-term disability, and
negatively affect individuals, families, health-care systems and
societies

World Health Organization. Birth Defects. 2010
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Background

e Exact number and cause difficult to tract
* May be due to genetic or environmental causes
* Many countries lack standard definitions or tracking systems

 The most common serious congenital disorders are:
» Congenital heart defects
* Neural tube defects
 Down syndrome
 Hemoglobinophathies (thalassemia and sickle-cell), G6PD deficiency

World Health Organization. Birth Defects. 2010
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Diverse Causes

Genetics
» Genetics Single gene defects
e Chromosomal disorders/aneuploidy

Multifactorial inheritance

Environmental teratogens
» Chemicals and high doses of radiation

Micronutrient deficiencies
 lodine and folic acid deficiency

Maternal infectious
» Syphilis and rubella

Maternal illnesses
* Diabetes mellitus
» Exposure to medicines and recreational drugs including alcohol and tobacco

World Health Organization. Birth Defects. 2010
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Prevention and Treatment

e Family planning
* Preconception screening and counselling
e Optimizing women'’s diet before and throughout pregnancy

* Preventing and treating teratogen-induced infections before and
throughout pregnancy

* Optimizing preconception maternal health and treatment
« Antenatal screening and Prenatal diagnosis
 Fetal treatment

World Health Organization. Birth Defects. 2010
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Family planning
Introducing women to the concept of reproductive choice 
• Reducing the total number of children born with a birth defect 
• Reducing the proportion of mothers of advanced maternal age, which reduces the birth prevalence of autosomal trisomies, particularly Down syndrome 
• Allowing women with affected children the option of not having further children 
Preconception screening and counselling
Using family history taken in primary health care facilities to identify individuals at risk of having affected children 
• Undertaking carrier screening for common recessive disorders (e.g. thalassaemia and sickle cell disorders) 
Optimizing women’s diet before and throughout pregnancy 
Promoting the use of salt fortified with iodine to prevent iodine deficiency disorder 
• Promoting the use of a staple food fortified with folic acid and of supplementary multivitamins with folic acid to prevent neural tube defects and other malformations 
• Promoting avoidance of alcohol, tobacco and cocaine 
• Promoting an adequate general diet (e.g. with sufficient protein, calories, iron) 
• Ensure adequate general diet (protein, calories, iron) 
Preventing and treating teratogeninduced infections before and throughout pregnancy 
Such infections include: 
• syphilis 
• rubella (67 countries do not have national rubella immunization programmes) 
Optimizing preconception maternal health and treatment
 for 
• Insulin-dependent diabetics 
• Women on treatment for epilepsy 
• Women on treatment with warfarin 
Antenatal screening for: 
• Rhesus status 
• Syphilis 
• Individuals at risk of having children with birth defects using a family history
 • Down syndrome (advanced maternal age; maternal serum screening; early ultrasound scanning)
 • Neural tube defects (maternal serum screening) 
• Major malformations (ultrasound fetal anomaly scanning (18+ weeks gestation) 
• Carriers of common recessive disorders (e.g. thalassaemia and sickle cell disorders) 
Prenatal diagnosis
 • Ultrasound 
• Amniocentesis 
• Chorionic villus biopsy 
Fetal treatment for 
• Syphilis 
• Fetal anaemia with intrauterine transfusion


Prevention and Treatment

* Newborn infant examination

* Newborn infant screening

* Medical treatment

e Surgery

» Rehabilitation and palliative care

World Health Organization. Birth Defects. 2010
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Newborn infant examination 
• Trained examiner clinically examining all newborn infants for birth defects 
Newborn infant screening 
• Congenital hypothyroidism 
• Phenylketonuria 
• Cystic fibrosis 
• Others, as dictated by each country’s needs and circumstances 
Medical treatment 
• Neonatal jaundice in glucose-6- phosphate dehydrogenase deficiency and Rhesus incompatibility 
• Treatment and care for children with blood disorders such as sickle-cell disorder, thalassaemia, etc. 
• Treatment of some inborn errors of metabolism 
• Care of children with cystic fibrosis 
Surgery 
Examples include the correction of: 
• Simple congenital heart defects 
• Cleft lip and palate 
• Club foot 
• Congenital cataracts 
Rehabilitation and palliative care


Outline

« Background

« Common congenital anomalies

« Common congenital infections

« Steps for evaluation of possible anomalies
« Tips for an effective review

o Case examples
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Neurologic: Movement Disorders

e 1/3,000 live bhirths
 Hypertonia, hypotonia, seizures

» Associations with demise depend on underlying cause
» Typically progressive, but some can be treated

« Abnormal movement can lead to arthrogryoposis

» Lack of extremity motion despite fetal stimulation
» Persistent unusual or abnormal posturing of limbs
» Early finding often clubfeet and clenched hands

e Seizures may be due to other underlying condition

« Evaluation: genetics, Fetal MR of spine and brain
« Spinal Muscular Atrophy (SMA)

N} MetroHealth
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Presentation Notes
Spinal Muscular Atrophy (SMA) 
2nd most common recessive disorder in Caucasians with carrier frequency of 1/50
heterogeneous group of (often) lethal neuromuscular disorders
Loss/destruction of anterior horn cells
> 95% due to homozygous deletions of exons 7 and 8 in survivor motor neuron (SMN1) gene

Acetylcholine Receptor Antibodies
Acetylcholine receptor (AChR) antibodies in ~ 85% of patients with myasthenia gravis
AChR antibodies cross placenta and block neuromuscular transmission in fetus
Neonatal myasthenia in 12% of affected mothers
Occasional stillbirth

Restrictive Dermopathy
•Tight rigid skin with erosions
•Micrognathia, small mouth
•Severe arthrogryposis
•Perinatal lethal

Caudal Regression Sequence
•Absent lower spine
•Lower extremity contractures
•Maternal diabetes risk factor

Gaucher Type 2: Perinatal Lethal Type
•Lysosomal storage disease due to glucocerebrosidase deficiency
•Hepatosplenomegaly and hydrops


Neurologic: Movement Disorders

Woodward, Kennedy, & Sohaey Diagnostic Imaging Obstetrics, 3 Ed. 2016



Presenter
Presentation Notes
Abnormal posturing and clubbing seen


Neurologic: Cranial Defects

* 3/10,000 births

» Cephalocele: defect in the skull/dura with protrusion and
exposure of intracranial contents
* Whole skull (leads to anencephaly) or partial

» Typically fatal postnatally
» Associated with diabetes, obesity, hyperthermia, and low folic acid
» Exposure to amniotic fluid leads to neurologic injury

« Evaluation: genetics, screen for risk factors

Woodward, Kennedy, & Sohaey Diagnostic Imaging Obstetrics, 3 Ed. 2016
Bianchi, Crombleholme, D’Alton, Malone Fetology, 2" Ed. 2000
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Neurologic: Cranial Defects

Woodward, Kennedy, & Sohaey Diagnostic Imaging Obstetrics, 3 Ed. 2016
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Presentation Notes
This 3D surface reconstruction, in the same case, confirms no cranium and splaying of remaining brain tissue .

Lateral view of the angiomatous stroma (area cerebrovasculosa) covering the defect  results in the ultrasound appearance.

Sagittal T2WI fetal MR shows a large occipital encephalocele . Other images showed herniation of the brainstem and cerebellum such that this cephalocele was deemed inoperable. Note the sloped forehead  indicating associated microcephaly.

Axial oblique ultrasound through an occipital cephalocele shows the cyst within a cyst or target sign, which is created when the 4th ventricle herniates into the cephalocele .

This newborn had a prenatal scalp mass suspected to be an atretic cephalocele. The MR shows it is fluid-filled with obvious neural tissue . There is a typical vertically oriented persistent falcine venous sinus  and peaked tentorium . The fibrous stalk is difficult to see without contrast.


Neurologic: Midline Anomalies

» Approximately 1-2% of population vs 1/8,000 births

e Corpus callosum disruption (pathway connecting hemispheres)
vs Holoprosencephaly (hemispheres not separated) vs Cysts

» Outcome varied based on extent of involvement
« Multiple genetics associations
» Lower associated with diabetes

« Evaluation: genetics (common), screen for risk factors

Woodward, Kennedy, & Sohaey Diagnostic Imaging Obstetrics, 3 Ed. 2016
Bianchi, Crombleholme, D’Alton, Malone Fetology, 2" Ed. 2000
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Agenesis: Complete absence of corpus callosum (CC)
Hypogenesis: Partial or incomplete formation of CC
Dysgenesis: Defective development of CC (e.g., callosal abnormalities seen in holoprosencephaly)

Associated with over 80 syndromes

Holoprosencephaly
-alobar, semilobar, lobar
-50% aneuploidy (T13)
-1% maternal DM

Abnormal development is schizencephaly or lissencephaly—too much clefting or too smooth



Neurologic: Midline Anomalies

Woodward, Kennedy, & Sohaey Diagnostic Imaging Obstetrics, 3 Ed. 2016
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Doppler evaluation shows an abnormal course of the pericallosal artery , which normally extends anterior to posterior along the cingulate gyrus. This finding can be useful to confirm the diagnosis of ACC.

Posterior to the expected location of the CSP, there is an anechoic cyst  in this 35-week fetus. Midline interhemispheric cysts can be seen with callosal anomalies, and should not be confused with the CSP, which should be located between the frontal horns of the lateral ventricles.

3D US surface rendering of the face shows midline cleft lip , severe hypotelorism , and an abnormal, flattened nose  in a fetus with premaxillary agenesis associated with ALHPE. Remember “the face predicts the brain” and any facial abnormality should trigger a careful evaluation of the brain.

Coronal US at 32 weeks shows the interhemispheric fissure  between the frontal lobes, but there is inferior parenchymal fusion , indicating lobar HPE. The only finding at the 20-week anatomy scan was absent CSP.

Autopsy specimen in a case of SLHPE shows the monoventricle , partial thalamic fusion , and rudimentary interhemispheric fissure formation . In SLHPE, the interhemispheric fissure and falx cerebri are partially formed in the posterior brain, while the frontal region of brain remains fused and underdeveloped.


Neurologic: Posterior Fossa Anomalies

e 1/3-5,000 live births

« Dandy Walker or Arnold-Chiari Malformations, cerebellar
hypoplasia, rhomboencephalosynapsis, aqueductal stenosis

« Outcome varied, usually not fatal
« Multiple genetics associations

 Evaluation: genetics

Woodward, Kennedy, & Sohaey Diagnostic Imaging Obstetrics, 3 Ed. 2016
Bianchi, Crombleholme, D’Alton, Malone Fetology, 2" Ed. 2000
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graphic shows a superiorly rotated vermian remnant , an uncovered 4th ventricle communicating with a posterior fossa (PF) cyst, and elevation of the torcular . These are the requisite findings of a Dandy-Walker malformation (DWM).


Neurologic: Spine and Neural Tube

e 1-2/2,000 live births
e Open or closed spina bifida (without or with skin coverage)

e Outcome depends on site of lesions, available of post-natal care
and surgery
« Associated with low folic acid, diabetes

« Evaluation: genetics, screening for diabetes
 May be candidate for fetal surgery

Woodward, Kennedy, & Sohaey Diagnostic Imaging Obstetrics, 3 Ed. 2016
Bianchi, Crombleholme, D’Alton, Malone Fetology, 2" Ed. 2000
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Neurologic: Spine and Neural Tube

Woodward, Kennedy, & Sohaey Diagnostic Imaging Obstetrics, 3 Ed. 2016
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Graphic shows spina bifida classification. Meningoceles  contain only cerebrospinal fluid, while myelomeningoceles  also contain neural elements. The neural tube defect is uncovered (no sac) in myeloschisis and contains the spinal cord or nerve roots.

In this 18-week fetus, an axial view through the posterior fossa shows hindbrain compression. The cerebellum (calipers and ) wraps around the midbrain , taking on the typical banana shape described with Chiari 2 malformation.

clinical photograph of the child after delivery confirms the diagnosis of a skin covered spinal defect.

3D multiplanar and soft tissue rendered view show a midthoracic spinal defect with a compressed sac . The skin-rendered 3D view (bottom right) shows the skin defect . The fetus had typical Chiari 2 findings in the brain.

The postnatal clinical photograph after cesarean delivery shows the thoracic myelomeningocele sac. The most common location for spina bifida is lumbar, followed by sacrum. More rare locations are thoracic and cervical.


Putmonary:Hernias, ivtasses, and Agenesis

e 1-5/10,000 live hirths

e Mass of tissue preventing normal lung development
» Herniation of abdominal contents into thoracic cavity
« Congenital Pulmonary Airway Malformation
* Broncho-Pulmonary Sequestration or cyst

e Outcome depends on size and development of lung tissue
« Evaluation: genetics, fetal echo
 May need echo and surgery after delivery

Woodward, Kennedy, & Sohaey Diagnostic Imaging Obstetrics, 3 Ed. 2016
Bianchi, Crombleholme, D’Alton, Malone Fetology, 2" Ed. 2000
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LHR for CDH (lung to head ratio)
CVR for CPAM (CPAM volume ratio)


Woodward, Kennedy, & Sohaey Diagnostic Imagin Obstetrics,'3rd Ed‘. -216
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Axial US through the chest shows the heart  abutting the right chest wall. The stomach is posterior, crosses the midline, and has a retrocardiac portion . The posterior location indicates liver herniation.

Chest radiograph on day 3 of life shows gas within the herniated bowel loops and an area of opacification , which is the liver. There is a mediastinal shift to the left (note the displacement of the nasogastric tube ). This was a right-sided CDH.

Clinical photograph of a scaphoid abdomen in this infant with a CDH is shown. The abdominal circumference often measures small in fetuses with a CDH, particularly if the liver is herniated. This helps differentiate from other cystic lung masses, like congenital pulmonary airway malformation, that will have a normal abdominal circumference.

Transverse ultrasound shows displacement of the heart  by a large CPAM that is predominately solid with scattered macroscopic cysts.

Gross pathology of the resected lesion shows very small cysts  within an otherwise solid mass.


* 6/1,000 live births severe CHD (up to 75/1,000 mild CHD)

* Normal axis 35-45° to left of mildline
« Compare with stomach for heterotaxy or situs inversus
« May be cono-truncal malformation
* May be pulmonary mass

e Outcome depends on underlying defect and severity
« Evaluation: genetics, fetal echo
 May need echo and surgery after delivery

Woodward, Kennedy, & Sohaey Diagnostic Imaging Obstetrics, 3 Ed. 2016
Bianchi, Crombleholme, D’Alton, Malone Fetology, 2" Ed. 2000
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Axial view of the chest shows marked cardiac displacement  by the very large left pleural effusion . The lung floats in the fluid surrounding it. A pericardial effusion would compress and displace the lung toward the spine .

CECT demonstrates the aorta predominantly overlying the RV  but communicating with the LV through a large ventricular septal defect . Note the abnormal axis of ~ 60 degrees (plane of the ventricular septum ).

Right ventricular outflow tract view shows parallel great arteries  as both arise from the RV  in this fetus with double outlet RV.

The only abnormality in this 4-chamber view is the abnormal axis, but this is a fetus with tetralogy of Fallot. Outflow tract views are essential for detection of conotruncal malformations.


-Cardtac—ChamberAsymmetry

 Chambers, Septums, or Valves can affected

» Univentricle: Hypoplastic left or right heart
» Typically due to valve atresia or stenosis, without septal defect

« Asymmetric, but still two ventricles
» Septal defects, AV canal, aortic coarctation

e Outcome depends on size and extent of lesion
 Evaluation: genetics, fetal echo
 Typically needs surgery, if compatible with life

Woodward, Kennedy, & Sohaey Diagnostic Imaging Obstetrics, 3 Ed. 2016
Bianchi, Crombleholme, D’Alton, Malone Fetology, 2" Ed. 2000
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Image shows a large right ventricle (RV)  and a small or hypoplastic left ventricle (LV) . In this case, there was mitral atresia  so all the blood flow from the lungs was going left to right at the atrial level. There was almost no atrial septum  in this patient.

Four-chamber echocardiogram shows an apex-forming LV  that is smaller than the RV . One also notes a portion of the foramen ovale flap  bowing into the RA, suggesting left to right flow, which is the opposite of normal.

Four-chamber echocardiogram shows another right dominant AV canal. The RV  is very large in comparison to the LV . A single AV valve  is present. Both the primum atrial septal defect  and inlet ventricular septal defect  are seen.

Four-chamber echocardiogram shows thick and dysplastic tricuspid valve leaflets  that do not appear to coapt well. Also note how large the RA  is; it appears to be equal to the size of both ventricles  combined.

Four-chamber echocardiogram in the same patient confirms that the leaflets do not coapt well as there is severe tricuspid regurgitation . Blood flow essentially fills the RA chamber  in systole. These patients typically do well after birth when the pulmonary vascular resistance falls.


-Gt Ventrar-Watt Defects

e 1/2-5,000 live births

« Bowel herniation through abdominal wall defect

» Right paramedian without membrane: gastroschisis (simple or
complex)

« Midline membrane-covered into base of cord: omphalocele
« Evaluation: genetics, fetal echo, maternal smoking
 Serial scans to evaluate bowel wall edema and growth
e Hernia can be corrected with surgery, but risk infection

Woodward, Kennedy, & Sohaey Diagnostic Imaging Obstetrics, 3 Ed. 2016
Bianchi, Crombleholme, D’Alton, Malone Fetology, 2" Ed. 2000
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Presentation Notes
Graphic of gastroschisis shows an abdominal wall defect with herniation of small bowel . The defect is to the right of the normally inserted umbilical cord .

Sagittal T2WI MR of a fetus with simple gastroschisis shows herniated bowel without significant dilation. The amniotic fluid was decreased, which is a common association. Polyhydramnios is more predictive of bowel compromise.

Graphic shows the most common type of omphalocele. A smooth midline abdominal wall defect, with herniation of small bowel  and liver , is covered by a membrane and the umbilical cord inserts directly onto the sac .

The hepatic veins  extend into the eviscerated liver in this 34-week fetus with an omphalocele. Also, covering membrane cysts  are seen, most likely from mucoid degeneration of the Wharton jelly located between the peritoneal and amnion layers of the membrane.

Clinical photograph of the newborn in the same case shows the omphalocele, anasarca, and preaxial polydactyly (also seen with ultrasound). Karyotype results showed deletion of part of chromosome 18. Chromosome abnormalities are seen in ~ 1/3 of fetuses with omphalocele.


-Gh-Atresta

e 1-3/10,000 live bhirths

o Complete blockage of the lumen
» Esophageal, Duodenal, lleal, Jejunal, Colonic, or Anal
* Proximal bowel dilated, distal bowel difficult to visualize
» Polyhydramnios often present

e Outcome depends on size and development of remaining bowel
« Evaluation: genetics
» Should be NPO after delivery until surgery

Woodward, Kennedy, & Sohaey Diagnostic Imaging Obstetrics, 3 Ed. 2016
Bianchi, Crombleholme, D’Alton, Malone Fetology, 2" Ed. 2000
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Presentation Notes
Postnatal radiograph of the same patient shows an orogastric tube within the air-distended proximal esophageal pouch . There is gas in the stomach , therefore a TEF must be present.

Third trimester ultrasound shows a dilated stomach with prominent rugal folds . The duodenal bulb is markedly enlarged  and polyhydramnios was present. The gallbladder  is displaced by the duodenal bulb. Noninvasive prenatal testing showed trisomy 21.

Gross pathology shows the dissected small bowel with abrupt termination at the point of atresia . The colon  is very small, which gives the microcolon appearance on postnatal imaging studies.

At 34 weeks, the colon was once again distended, this time with meconium. The blind end  of this closed loop colonic atresia case is once again seen. Note the minimal small bowel distention , which correlates with the degree of ileocecal valve competence.




-Gt —Obstruction, Difation, and Cysts

* 5/1000 live births

« Abnormal number, location, echogenicity, or size of kidneys
* Dilation of urinary tract
» Cystic renal disease

e Outcome depends on residual renal function and laterality
e Evaluation: genetics, cystocentesis, serial ultrasounds

o If bilateral, may develop Potter’'s Sequence (pulmonary
hypoplasia) or need neonatal renal transplant

Woodward, Kennedy, & Sohaey Diagnostic Imaging Obstetrics, 3 Ed. 2016
Bianchi, Crombleholme, D’Alton, Malone Fetology, 2" Ed. 2000
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Presentation Notes
In this fetus with severe oligohydramnios, only 1 renal artery was seen  and the renal pelvis was dilated , but the kidney wasn’t seen well with ultrasound.

Axial ultrasound shows a distended urinary bladder  and hydronephrosis (calipers measure renal pelves) in a fetus with posterior urethral valves. Several scattered renal cysts  suggest ORD.

Coronal US of fetus with left MCDK shows multiple cysts of variable size with intervening echogenic parenchyma. The kidney is large, and there is mass effect upon the diaphragm  and abdominal vessels . A normal right kidney  is also seen.

Bivalved kidney from an autopsy of an infant who died from pulmonary hypoplasia shows the radially oriented, dilated tubules . Increased renal echogenicity results from the many interfaces created by the dilated renal tubules.



Skeletal: Dysplasias

» 1/4-5,000 live births (lethal 1/10,000)

» Heterogenous group involving abnormal bone development and
growth
» Several hundred have been described
» Earlier detection more likely to be lethal

« Outcome depends on etiology and thoracic size
« Evaluation: genetics, serial ultrasounds

Woodward, Kennedy, & Sohaey Diagnostic Imaging Obstetrics, 3 Ed. 2016
Bianchi, Crombleholme, D’Alton, Malone Fetology, 2" Ed. 2000
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Femur length:foot length ratio

Femur length:abdominal circumference ratio

Chest circumference:abdominal circumference

ratio

Severe Long Bone Shortening

Bowing  Straight]

TD 1, Short rib TD 2, Ol type Wl Achondrogenesis
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Presentation Notes
Radiograph of a stillborn infant with type I TD showing severe micromelia of all 4 limbs . The so-called telephone receiver femur  is a classic feature in type I TD. The femur in type II TD is also very short, but tends to be straighter.

Photograph shows a newborn infant with femoral hypoplasia-unusual facies syndrome. The infant was born to a mother with poorly controlled diabetes. Both femora are hypoplastic , although asymmetrical. The pelvis and lower spine were also abnormal. Preaxial polydactyly  and toe syndactyly  are noted.


Aneuploidy: Trisomy 13 (Patau
-%M&)g Ii)clgtm%)d most common trisomy

e Multiple anomalies
» Holoprosencephaly, midline defects, CHD
» Polydactyly, echogenic kidneys, early IUGR

e Median survival 7-10days, but 5-10% live 12mo+
* 50% IUFD, 80% of live born pass away on DOL#1

« Evaluation: genetics, serial ultrasounds

Woodward, Kennedy, & Sohaey Diagnostic Imaging Obstetrics, 3 Ed. 2016
Bianchi, Crombleholme, D’Alton, Malone Fetology, 2" Ed. 2000
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Axial ultrasound of the brain shows holoprosencephaly in trisomy 13. The thalamus  is fused. Minimal brain tissue  is seen in the fluid-filled calvarium (monoventricle). The midline falx is notably absent  and the cerebellum is small .

3D ultrasound of the face shows a midline cleft lip , absent nose , and postaxial polydactyly  (thumb ). Patients may better appreciate facial anomalies when 3D images are reviewed with them.

A clinical photograph of a neonate with T13 and holoprosencephaly shows a proboscis, cyclopia, and a small mouth. A spectrum of facial features is associated with holoprosencephaly; however, proboscis and hypotelorism/cyclopia are classic findings.

In this fetus with T13, there is an echogenic cardiac focus (ECF)  and the axis of the heart  is closer to 0° than 45°. ECF, when isolated, is rarely associated with aneuploidy. Other anomalies were seen in this case, including outflow tract anomalies of the heart.

At the time of nuchal translucency (NT) screening, a markedly increased nuchal translucency  and absent nasal bone with flat midface  were noted. Endovaginal exam to look at the rest of fetal anatomy was performed.


—Aneuptotdy—Trisomy-18(Edward’s Syndrome)

* 5/3000 births, 2" most common trisomy

e Multiple anomalies
* [IUGR, CHD, CPCs, CNS anomalies, omphalocele
« Overlapping fingers/clenched hands

e Median survival 3-13days, but 5-10% live 12mo+
* 50% IUFD, females tend to live longer than males

« Evaluation: genetics, serial ultrasounds

Woodward, Kennedy, & Sohaey Diagnostic Imaging Obstetrics, 3 Ed. 2016
Bianchi, Crombleholme, D’Alton, Malone Fetology, 2" Ed. 2000
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Presentation Notes
Multiple severe anomalies were identified at the time of an anatomy scan in this 20-week fetus. On the sagittal view through the head, chest, and upper abdomen, an omphalocele  and ventriculomegaly  are seen.

Clinical photograph shows the typical hand position seen with T18. The hand is held clenched with overlapping fingers, and the index finger typically overlaps the other clenched fingers.

Multiple CPCs

Enlarged NT

Large VSD

This clinical photograph of a liveborn baby with T18 shows that some newborns have mild features. Approximately 1/2 of pregnancies that do not terminate result in a liveborn child.


—Aneuptotdy—Trisomy21(bDown’s Syndrome)
« 1/700 live births, Most common trisomy

e Multiple markers
* Enlarged NT, absent nasal bone, short long bones, pylectasis
» AV canal defects, duodenal atresia

» 80% live to at least 60yo
* Prognosis related to underlying anomalies, esp cardiac

« Evaluation: genetics, serial ultrasounds

Woodward, Kennedy, & Sohaey Diagnostic Imaging Obstetrics, 3 Ed. 2016
Bianchi, Crombleholme, D’Alton, Malone Fetology, 2" Ed. 2000
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Enlarged NT and absent nasal bone

b/l pylectatis

AV canal defect

Typical facies

ventriculomegaly


—Aneuptordyvonosomy X (furner’s Syndrome)

» 1/2,000 female births, 15% of miscarriages

e Variability in phenotype
* Mosaics and incomplete X inactivation

 Classic phenotype
 Webbed neck, broad chest, short limbs, aortic coarctation

o |If survive, relatively normal lifespan
 Evaluation: genetics, serial ultrasounds

Woodward, Kennedy, & Sohaey Diagnostic Imaging Obstetrics, 3 Ed. 2016
Bianchi, Crombleholme, D’Alton, Malone Fetology, 2" Ed. 2000
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Enlarged NT and absent nasal bone

b/l pylectatis

AV canal defect

Typical facies

ventriculomegaly
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Congenital Infections: Toxoplasmosis

» 400-4,000 cases per year in USA with 750 deaths
» Transplacental infection with protozoan Toxoplasma gondi

e Intracranial and intrahepatic calcifications with [IUGR
» Classic triad of hydrocephalus, intracranial calcifications, chorioretinitis

* Visual, hearing, motor, cognitive, and other problems in a child
* May present late

» Severity based on timing of infection
e Evaluation: maternal titers, amniocentesis

Woodward, Kennedy, & Sohaey Diagnostic Imaging Obstetrics, 3 Ed. 2016
Bianchi, Crombleholme, D’Alton, Malone Fetology, 2" Ed. 2000
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Nonshadowing intracranial and intrahepatic calcifications
•Fetal growth restriction, ventriculomegaly, echogenic bowel
•Monthly ultrasound when suspected or confirmed infection to look for sequelae
•Fetal MR to evaluate brain
•Confirm fetal infection by amniocentesis or cord blood sampling for viral polymerase chain reaction
Top Differential Diagnoses
•Cytomegalovirus
•Varicella (chickenpox)
•Herpes simplex virus type 2
Pathology
•3 principal routes of infection in humans
○Ingestion of inadequately cooked (infected) meat
○Ingestion of oocytes from contaminated soil or water
○Transplacental
Clinical Issues
•All positive screening tests in pregnancy should be confirmed in toxoplasmosis reference lab
•Overall risk of congenital infection without maternal treatment = 20-50%
•1st-trimester infection less likely to result in congenital infection (10-15%) but more likely to be severe
•Later infection with much higher congenital infection rate (up to 60% in 3rd trimester) but generally less severe
•Sequelae of congenital infection include blindness, epilepsy, intellectual impairment
○Most infected infants asymptomatic at birth; up to 90% develop sequelae
•Seroprevalence in developing countries exceeds 60-75%
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Congenital Infections: Other: Parvovirus

« Can affect 1-5% of pregnancies
» Transplacental infection with Parvovirus B19

 Classic triad of anemia, heart failure, hydrops
o 8-27% of hydrops cases

e Parvovirus attacks erythroid progenitor cells — aplastic anemia
* Thrombocytopenia also common and may be severe

» Severity based on timing of infection
« Evaluation: ultrasound, maternal titers, MCA dopplers, PUBS

Woodward, Kennedy, & Sohaey Diagnostic Imaging Obstetrics, 3 Ed. 2016
Bianchi, Crombleholme, D’Alton, Malone Fetology, 2" Ed. 2000
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Terminology
•Fetal infection with human parvovirus B19
•Major clinical triad of anemia, heart failure, hydrops
Imaging
•Best diagnostic clue: Hydrops in fetus at risk for parvovirus infection based on maternal seroconversion
•US
○Ascites most common presenting finding
○Progression to hydrops in severe cases
○Cardiac failure secondary to severe fetal anemia, myocarditis
○Placentomegaly, polyhydramnios
•Noninvasive assessment for fetal anemia using middle cerebral artery peak systolic velocity (MCA-PSV)
○MCA-PSV is elevated in fetal anemia and predicts need for intrauterine transfusion
•Parvovirus B19 infection causal in 8-27% of cases of nonimmune hydrops
Top Differential Diagnoses
•Other congenital infections
○Significant overlap in imaging findings
○Requires maternal/fetal serology to make definitive diagnosis
•Hydrops
○Nonimmune (aneuploidy, lymphatic, arrhythmia)
○Immune (alloimmunization)
•Isolated ascites
Pathology
•Parvovirus attacks erythroid progenitor cells → anemia
•Involvement of cardiac myocytes → viral myocarditis → hydrops
Clinical Issues
•Adults
○Transient, migratory maculopapular rash
○May be asymptomatic
○Polyarthritis, polyarthralgia occurs in 60% of symptomatic adults
○Aplastic crisis in immunocompromised, chronic hemolytic anemia
•Children
○“Slapped cheek” rash in children
○Mild febrile illness, upper respiratory symptoms in children
•Infection usually self-limited in mothers
•17-33% of women who become infected during pregnancy transmit infection to fetus
•Risk of fetal loss 8-17% (before 20 wk); 2-6% (after 20 wk)
•Stillbirth may occur from 1 through 11 wk after maternal seroconversion
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Congenital Infections: Other: Zika

» 400-4,000 cases per year in USA with 750 deaths
» Transplacental infection with Zika virus
« Microcephaly, IUGR, optic nerve changes

« Severity based on timing of infection
* 5-10% of confirmed infections associated with birth defects

e Evaluation: maternal titers, amniocentesis, serial ultrasound

www.cdc.gov
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Congenital Infections: Rubella

e Rare in vaccinated populations
» Transplacental infection with Rubella virus

e Causes CHD, microcephaly, cataracts, deafness, IUGR, and
liver and spleen damage.

» Severity based on timing of infection
e Evaluation: maternal titers, amniocentesis

www.cdc.gov,

) &
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Blueberry muffin baby
Congenital cataracts

http://www.cdc.gov/

Congenital Infections: CMV

* 0.3-2.4/100 live births worldwide (most common infection)
e Transplacental infection with cytomegalovirus

e Multiple intracranial findings

» Ventriculomegaly, Calcifications, Intraparenchymal cysts,
intraventricular adhesions, Microcephaly

» Hepatosplenomegaly, anemia, cardiomegaly, and IUGR
» Severity based on timing of infection
e Evaluation: maternal titers, amniocentesis

Woodward, Kennedy, & Sohaey Diagnostic Imaging Obstetrics, 3 Ed. 2016
Bianchi, Crombleholme, D’Alton, Malone Fetology, 2" Ed. 2000
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This slide shows Cowdry type A  and Cowdry type B  intranuclear inclusions in a case of congenital CMV infection.

Placentamegaly

Hepato-splenomegaly

Cardiomegaly

Periventricular calcifications



Congenital Infections: Herpes

» 1/3-20,000 live births, usually acquired in

genital tract et |
» Transplacental infection with Herpes ey ot be apparent .
Simplex Virus X |

» Usually present within a week of life
» Seizures, apnea, jaundice, shock

e OQutcomes based on severity and initiation 'a" =
of treatment -

e Evaluation: maternal cultures, neonatal
cultures

s

. Blisters due to
—_— congenital
herpes

www.medline.gov
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Evaluation Steps: Ultrasound

e Anatomy can be examined in any trimester
* Limited, often transvaginal in first trimester

* Detailed anatomic survey
 Focus on Brain, Heart, Spine, Diaphragm, Kidneys

* Follow the fetal growth and fluid

 For IUFD, evaluate for hydrops, any anatomic “clues”
« Offer amniocentesis for genetics and infectious evaluation

” MetroHealth




Evaluation Steps: Genetics

o Tests guided by history, suspected etiologies

« Anniocentesis typically yields the best results
e Fascia lata or placenta can be used as alternatives

o Send for karyotype
* Microarray detects additional 6% of abnormalities

e Consider whole exome seguencing
a2 GO ‘
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www.genome.gov, www.shutterstock.comc
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—EvaltationSteps:—Ciinicat Exam and Babygram

« Thorough evaluation of the external anatomy
* Including weight, length, head circumference

 Babygram can evaluate skeletal structure
« Especially helpful if autopsy declined

https://radiopaedia.org/
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Evaluation Steps: Placenta and Autopsy

 Placenta, including membranes and cord
 Reveals cause in up to 30% of cases
« Useful for determining infection, esp in preterm cases

e Autopsy
« Single most useful evaluation
 Provides information in 30% of cases

N}l MetroHealth
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Tips for Effective Review: Family History

» Take detailed family history
* Recurrent miscarriages or early pregnancy losses
» Childhood deaths or early adult deaths
» Surgeries as a child
» Race/Ethnic background

w MetroHealth




I Tips for Effective Review: Chart Review

» Personal medical history in the patient
e Travel

* Medication exposures

e Co-morbid conditions

* Any recent illnesses

 All prenatal records

” MetroHealth
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Case 1

e 31yo G3P1011 at 13 weeks
« Short long bones with narrow chest and frontal bossing noted

www.sonoworld.com

w MetroHealth




Case 1

 Cloverleaf skull, frontal bossing, and trident hand with
micromelia

 Amniocentesis performed

w MetroHealth




Case 1

* Tiny chest and disproportionately large head and long

* Rhizomelic shortening with curved femora is typical with severe
micromelia

e Thanatophoric
dysplasia

Woodward, Kennedy, & Sohaey Diagnostic Imaging Obstetrics, 3@ Ed. 201
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Image shows term stillborn infant with type I thanatophoric dysplasia. The tiny chest and disproportionately large head and long trunk are readily apparent. The head is macrocephalic  but normally shaped in type I. Rhizomelic shortening with curved femora is typical. Severe micromelia can be seen.


Case 2

» 24yo0 G1PO presenting for her anatomy scan
* No significant history
 Smokes, no other drug use

* Bilateral pyelectasis noted

+ Dist 1.52cm
:x Dist 0.880 cm

Woodward, Kennedy, & Sohaey Diagnostic Imaging Obstetrics, 3 Ed. 2016
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In this fetus with bilateral renal pelvis dilation, the left renal pelvis anteroposterior (AP) diameter (x calipers) is less than the right (+ calipers). However, subtle subcortical cysts  are seen, suggesting the obstruction has caused renal dysplasia.


Case 2

» Subtle subcortical cysts are seen, suggesting the obstruction
has caused renal dysplasia.

¢ Dist 1.52cm

Woodward, Kennedy, & Sohaey Diagnostic Imaging Obstetrics, 3 Ed. 2016
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In this fetus with bilateral renal pelvis dilation, the left renal pelvis anteroposterior (AP) diameter (x calipers) is less than the right (+ calipers). However, subtle subcortical cysts  are seen, suggesting the obstruction has caused renal dysplasia.
Coronal view through the same left kidney shows the peripheral cortical cysts  to better advantage (called rosary bead sign when they line up). Also, note the increased renal parenchymal echogenicity and loss of corticomedullary differentiation.


Case 2

e Later, obstruction is noted at the ureteral-pelvic junction

 Cortical cysts have increased in size and further parenchymal
cysts have formed

Woodward, Kennedy, &
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In the 3rd trimester of the same fetus with bilateral ureteropelvic junction (UPJ) obstruction, the cortical cysts have increased in size and further parenchymal cysts have formed. This progression is typically seen.


Case 2

o CT urogram after birth shows near complete UPJ obstruction,
leading to renal failure

» Pathology reveal renal dysplasia

w MetroHealth
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Presentation Notes
Coronal CECT urography shows obstructive linear bands at the UPJ  in a child with bilateral hydronephrosis. Typically, UPJ obstruction is not complete as shown in this case.
Gross pathology of obstructive renal dysplasia shows renal pelvis distention  and variable-sized cysts  within the dysplastic renal parenchyma. The kidney is small and dysplastic from longstanding obstruction. Renal size is variable with obstructive renal dysplasia, especially during fetal life.


Case 3

e 41yo G4P2012 at 12 weeks
e Planning genetic screening

 Large cystic hygroma
* Micrognatha

e CVS performed

Woodward, Kennedy, & Sohaey Diagnostic Imaging Obstetrics, 3 Ed. 2016
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Sagittal image shows increased nuchal translucency , bowel-containing omphalocele , and suspicion for micrognathia . Chorionic villus sampling revealed trisomy 18.


Case 3

o At 18w:
* Micrognathia
 Omphalocele
e AV canal defect
e Clenched fist

« CVS: trisomy 18

Woodward, Kennedy, & Sohaey Diagnostic Imaging Obstetrics, 3 Ed. 2016
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This fetus has micrognathia , omphalocele , atrioventricular septal defect , and radial club hand . Surprisingly, chromosomes were normal; we had assumed this was trisomy 18. Without a unifying diagnosis, this case is characterized as idiopathic.


Case 3

e Induced for IUGR

e Discharged on day of life #3
e Survived for 31 days

» Passed away peacefully at home
with her parents

https://www.trisomy18.org/story/bridget-noras-story/
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Contra Costa FIMR Program

Folic Acid Community Campaign

Special thanks to the
current and past members
of the Contra Costa FIMR
program, California. This
information is presented
with the permission of
Christina Boothman,
Natalie Berbick, and Dawn
Dailey
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Contra Costa FIMR case review findings:

e Alarge proportion of Latina women in the catchment
area experienced a loss due to a neural tube defect.

e Many of the women were not aware of
recommendations related to folic acid intake.

e Some women received folic acid intake education from
their health care provider yet did not take the next step
to purchase supplements.

e There was a lack of evidence that folic acid information
was consistently and comprehensively provided to
women during encounters with health care providers.
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Folic Acid Community Campaign: A public

Health Approach

e Collaborative efforts: The Contra Costa FIMR
Program collaborated with several programs and
community-based agencies on the design and
implementation of the campaign.

* Sponsors:

— Family, Maternal & Child Health Programs of Contra Costa
Health Services, March of Dimes, USDA, and California
Nutrition Network.

https://cchealth.org/folic-acid/community-campaign.php
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Presentation Notes

 In order to address these concerns, the Contra Costa FIMR Program established the Folic Acid Project Team in 2003 to develop and implement an enhanced community folic acid campaign. The goal of the campaign is to raise awareness of the importance of folic acid in preventing birth defects and to encourage women of childbearing age to take folic acid regularly to promote positive pregnancy outcomes. 

https://cchealth.org/folic-acid/community-campaign.php

edia activities
included on-screen
theater advertising in
three local movie
theaters, project
website, mailing to
food stamp recipients,
local cable TV shows
and advertising, and
transit advertising.

The National Center for Fatality Review and Prevention

Take Daily

Tame Cada THa




Regional trainings: Folic
acid trainings were
conducted for public health
nurses, community health
workers, home visiting
program staff, nutrition
staff, public health
interpreters, health
educators and other health
care providers.
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Folic Acid Community Campaign: A public

Health Approach

Educational materials and
incentives: A series of
educational materials were
developed, including folic
acid brochures in English,
Spanish, Vietnamese,
Russian, Farsi and Lao and
a magnet,
mailer/bookmark and fact
sheet in English and
Spanish

The National Center for Fatality Review and Prevention

e

— A el e et by Ly siledl bl el iy
[ 1-888-MODIMES D.s e

el sk i MANCh OF DIMES a5 caila il Cusss ply 4l datas

qNATlONAL

S

Saving Lives Together




e As areminder:

— Questions can be typed into the “Questions” pane

— Due to the large number of attendees, we may not be able
to get to all questions in the time allotted

— All unanswered questions will be posted with answers on
the NCFRP website

— Recording of webinar and copy of slides will be posted
within 2 weeks on the NCFRP website: www.ncfrp.org

The National Center for Fatality Review and Prevention
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NCFRP is on Social Media: NationalCFRP
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THANK YOU!

Additional questions can be directed to:
info@ncfrp.org
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Presenter
Presentation Notes
Before we wrap up, we want to take this time to thank guest speakers for walking us through title of webinar, this was a very informative and we thank you for taking the time to do this.  We also want to thank those that were able to attend today’s webinar, and everyone involved in making these webinars possible. Lastly, if you have any questions, please let us know at info@ncfrp.org 
Thanks again. 


mailto:info@ncfrp.org
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