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conventional chromosomal analysis is 5%, the yield is in-

creased to 12% to 15% with microarray. (13)(14)(15)(16)

The introduction of molecular genetic techniques such

as next-generation sequencing, which can pick point muta-

tions and tiny deletions and duplications, has significantly

advanced the field of genetic testing. Next-generation se-

quencing is a cost-effective technique with a fast turn-

around time. (38)(39) It is routinely used in clinical settings

for sequencing multiple genes at one time, sequencing

Table 2. Terminology Used to Describe Congenital Anomalies (2)(17)

TERMINOLOGY DESCRIPTION EXAMPLES

Normal variation A small departure from the reference population
present in healthy people, but can be
associated with major congenital anomalies

Low-set ears, hypertelorism

Malformation A congenital nonprogressive abnormality of an
organ or tissue due to interference with the
primary developmental program of
morphogenesis

Categorized into major malformations or minor
malformations

Major malformations
� Central nervous system anomalies
� Congenital heart disease

Minor malformations
� Polydactyly
� Single transpalmar crease

Deformation Abnormality in the shape and size of a normally
formed structure due to intrinsic/external
mechanical forces

Congenital talipes equinovarus
Arthrogryposis due to oligohydramnios

Disruption Normal initial development of an organ followed
by interference with its development due to
either vascular interruption, teratogen
exposure, or amniotic bands resulting in
nonprogressive abnormality

Missing limbs or digits

Dysplasia A morphologic aberration caused by abnormal
proliferation and organization of cells in the
tissue

Skeletal dysplasia
Ectodermal dysplasia

Syndrome Single etiology leading to a group of major and
minor anomalies due to either malformation or
dysplasia

Edward syndrome (trisomy 18), Cornelia de
Lange syndrome

Sequence A cascade of $1 secondary morphologic
anomalies that arise from a single abnormality
that is either a malformation or a deformation

Pierre Robin sequence

Association The presence of multiple abnormalities that occur
together more frequently than would be
predicted by chance with no clear cause

VACTERL association, OEIS complex

OEIS5omphalocele, exstrophy of bladder or cloaca, imperforate anus, and spinal defects, VACTERL5vertebral anomalies, anorectal anomalies
(anal atresia), cardiac anomalies, tracheoesophageal fistula or atresia, renal anomalies, and limb anomalies.

Figure 1. Examples of various anomalies.
Upper left. Variant—low-set ear. Upper right. Malformation—meningoen-
cephalocele. Lower left. Deformation—talipes. Lower right. Disruption—
limb reduction.

Table 3. Common Fetal Abnormalities Identified by
First- and Second-Trimester Ultrasonography that
Warrant Further Testing

First trimester � Increased nuchal translucency
� Absent nasal bone
� Cystic hygroma
� Structural anomalies in the fetus:
holoprosencephaly, facial clefts, abdominal
wall defects, megacystis, limb anomalies

Second trimester � Second-trimester soft markers (usually a
combination of multiple soft markers is
suggestive of a genetic etiology)
* Choroid plexus cysts
* Mega cisterna magna
* Mild ventriculomegaly
* Absent or hypoplastic nasal bone
* Thickened nuchal fold
* Echogenic intracardiac focus
* Single umbilical artery
* Hyperechoic bowel
* Urinary tract dilation
* Shortened long bones (humerus, femur)

� Fetal growth restriction
� Structural anomalies
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fetuses with severe CDH (observed to expected total fetal

lung volume <25% (126) and significant liver herniation)

(127) have consistently exhibited increased morbidity and mor-

tality. This has led to a focus on prenatal intervention with fe-

toscopic endoluminal tracheal occlusion (FETO), typically

between 27- and 30-weeks’ gestation, in fetuses with severe

CDH. (128) The study of tracheal occlusion began with Jost

and Policard (129) and later with Carmel, (130) who studied

tracheal occlusion in fetal rabbit models and found increased

alveolar size, (129) lung weight, and lung volume (130) fol-

lowing tracheal occlusion. Wilson and colleagues later noted

that ligation of fetal sheep trachea with a silk tie following

fetal nephrectomy alleviated the pulmonary hypoplasia that

would have normally resulted following fetal nephrectomy. (131)

Given the importance of intrapulmonary pressures in the

developing lung, the groundwork led by Jost and Policard,

Carmel, and Wilson led to the idea that tracheal occlusion

may also lead to improved lung volumes in CDH. (132)

In FETO, after the placenta and fetus are located, a nee-

dle is passed through the maternal abdomen and into the

uterus. A wire is then passed through the needle into the

amniotic cavity. A dilator and sheath are then passed over

the wire and into the cavity, and the wire is removed. Under

direct visualization, the fetoscope is advanced through the

sheath, into the amniotic cavity and into the fetal oro-

pharynx until the uvula and epiglottis are identified. With

downward pressure, the trachea is entered, and a detachable

balloon is deployed in the trachea. This procedure is fol-

lowed by planned removal of the tracheal balloon 5–7 weeks

after balloon deployment. FETO has been shown to increase

total fetal lung volume, (133)(134) decrease resistance in

pulmonary vessels, (135) increase resolution of pulmonary

hypertension, (128)(136) and increase vital cellular and mo-

lecular factors necessary for lung growth. (137) Due to vary-

ing protocols and outcomes at fetal centers worldwide, there

is no standardized consensus on the severity of prenatal

predictors (fetal lung volume, lung-to-head ratio, and

percent liver herniation) for which a patient could benefit

from FETO. Some notable complications of FETO, as dem-

onstrated in the recently reported Tracheal Occlusion to

Accelerate Lung Growth (TOTAL) trial for FETO in CDH,

include increased preterm premature rupture of mem-

branes and preterm birth. (138) The TOTAL trial demon-

strated FETO to increase survival in patients with severe

pulmonary hypoplasia, but there was not a significant differ-

ence in survival amongst the group of patients with moder-

ate pulmonary hypoplasia following FETO, when compared

to those that did not undergo FETO. (139) Concerns have

been raised, however, about the generalizability of results of

the study at high volume fetal centers, as the survival rates

reported are lower than rates reported at some high-volume

fetal centers, and extracorporeal membrane oxygenation

(ECMO) utilization was low, whereas ECMO is commonly

used in many fetal centers in the United States. (140)

While balloon removal is currently a necessary procedure

with FETO that is performed successfully in experienced

centers, (141) it may play a significant role in the increased

risk of preterm delivery associated with FETO. (138) Thus, re-

searchers have moved to innovate occlusion devices that do

not require a second procedure, which have the potential to

replace our current FETO balloon and limit uterine manipu-

lation and injury as well as fetal tracheal injury. These inno-

vations include a balloon that deflates when it experiences a

magnetic field (142)(143) and an injectable, degradable hydro-

gel. (144)

MINIMALLY INVASIVE ANATOMIC CORRECTION

Myelomeningocele Repair
Spina bifida is present in about 300,000 neonates born in

the United States annually. (145) Myelomeningocele (MMC),

the most severe form of spina bifida, is the most common

congenital defect of the central nervous system. It is caused

by the inability of the neural tube to close within the first

4 weeks following conception (Fig 4), (146) exposing the spi-

nal cord to potential damaging effects of amniotic fluid and

Figure 3. Congenital diaphragmatic hernia. Schematic showing a left-
sided diaphragmatic defect with herniated liver and intestines. Reprinted
with permission from Texas Children’s Hospital.
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emphasize using the correct size mask, correctly position-

ing the airway, and learning the 2-hand hold. In manikin

studies, the 2-hand hold (Fig 2) significantly reduces mask

leak. (43) The addition of a colorimetric carbon dioxide

detector, or capnometer, between the mask and PPV

device (Fig 3) can improve mask ventilation. (44) If the

lungs are ventilated and gas is exchanged, a colorimetric

detector will change from purple to yellow. As teams pro-

ceed through the MR. SOPA steps, if the detector changes

color after performing a step, the newborn’s HR will likely

improve within 30 seconds. (45) If the team member posi-

tioning the airway becomes distracted and changes posi-

tion, the detector will change back to purple and can help

identify the positioning error before the infant becomes

bradycardic. On the other hand, if the detector does not

change color, it is another indication to proceed to the

next ventilation corrective step.

Even with corrective steps, mask ventilation is not

always successful, and teams must be prepared to insert

an alternative airway. Overall, first attempt success with

tracheal intubation is low. (46) The NRP 8th edition text-

book suggests considering the use of a video-laryngoscope

especially when working with trainees. Use of a video-

laryngoscope allows the supervisor to provide more effec-

tive coaching by seeing what the operator is seeing.

Among trainees intubating newborns, studies have shown

that use of a video-laryngoscope improves first attempt

success. (47)(48) Finally, the NRP 8th edition continues to

include the laryngeal mask on the standard list of equip-

ment and supplies for every delivery room. It is a simple

device that requires no instruments for insertion (Fig 4)

and has a very high first attempt successful insertion rate

with limited training. (49) Insertion of a laryngeal mask

may save a newborn’s life if intubation is unsuccessful or

not feasible.

Summary
Although most newborns require no assistance to

successfully transition to extrauterine life, the large

number of births each year and limited ability to pre-

dict which newborns will need assistance means that

skilled clinicians must be prepared to respond quickly

and efficiently for every birth. Since its release in

1987, the NRP has trained over 4.5 million health

professionals in the cognitive, technical, and behav-

ioral skills required to save newborn lives. The NRP

8th edition builds on an established history of innova-

tion and collaboration while adding new elements of

instructional design to better meet the needs of differ-

ent health professionals. As new research answers

gaps in our neonatal resuscitation knowledge base

Figure 2. Two-hand hold on face mask. (Reprinted with permission from
Weiner GM, Zaichkin J. Textbook of Neonatal Resuscitation. 8th ed. Itasca, IL:
American Academy of Pediatrics; 2021.)

Figure 3. Use of a colorimetric carbon dioxide detector with face-mask
ventilation.

Figure 4. Insertion of a laryngeal mask. (Reprinted with permission from
Weiner GM, Zaichkin J. Textbook of Neonatal Resuscitation. 8th ed. Itasca, IL:
American Academy of Pediatrics; 2021.)
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coronal views, were conducted. The 2D ultrasound and

3D reconstructions failed to visualize the fetal mandible

(Figures 1 and 2), although the fetal maxilla was present.

The ears were low-set on 2D and 3D images (Figures 3

and 4), and the mouth appeared small, indicative of

microstomia (Figures 5 and 6). Polyhydramnios was recon-

firmed, with the deepest vertical pocket measuring 10.4 cm

(Figures 7 and 8). The stomach bubble remained small

throughout the examination (Figure 9). The estimated fetal

weight was 2176 g, consistent with the 95th percentile. The

MFM team detected no other fetal abnormalities.

EXPERT OPINION

MFM

The 2D and 3D reconstruction fetal ultrasound images in this

case supported the diagnosis of agnathia. Normally, man-

dibular formation occurs in the embryo around the third ges-

tational week.2 Goenka et al explain that detection of AOC

can occur as early as 11 to 14 weeks of gestation.3 If a nor-

mal-appearing mandibular arch is not visualized by the start

of the second trimester, repeat imaging should be obtained at

15 to 16 weeks’ gestation to exclude agnathia.3 On the other

hand, fetuses severely affected by the AOC may have other

FIGURE 1. Prenatal 2-dimensional ultrasound imaging of small
mandible, right sagittal view.

FIGURE 2. Prenatal 2-dimensional ultrasound imaging of low-set
left ear.

FIGURE 3. Prenatal 2-dimensional ultrasound imaging of
microstomia, frontal.

FIGURE 4. Prenatal 3-dimensional reconstruction ultrasound imaging
of small mandible, left sagittal view.

FIGURE 5. Prenatal 3-dimensional reconstruction ultrasound imaging
of low-set left ear.
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for phenotypic features of chromosomal defects, particularly

trisomy 13 or 18, or Beckwith-Wiedemann syndrome (BWS).

BWS is particularly relevant to diagnose early as macroglos-

sia can be present and affect airway management in the DR.

A supraglottic airway device such as a laryngeal mask can by-

pass this upper airway obstruction, and while helpful at any

delivery, a supraglottic airway device is mandatory at omphalo-

cele deliveries given the risk of associated macroglossia. Infants

with BWS are also at risk for hyperinsulinism with associated

hypoglycemia, and, thus, glucose levels should be care-

fully monitored. Other anomalies associated with omphalo-

celes include congenital heart disease (in up to 50%),

(21)(22) genitourinary defects such as cloacal exstrophy, and

craniofacial, musculoskeletal, vertebral, or limb anomalies.

Infants can also have the omphalocele, exstrophy, imperforate

anus, spinal defects (OEIS) complex. A small sac with the

absence of liver and the presence of other malformations in-

creases suspicion for an underlying genetic etiology. (23)

To maintain the integrity of the sac, most infants with

an omphalocele are delivered via cesarean delivery unless

the omphalocele is small (generally <5 cm) and does not

contain the liver. DCC is not typically performed in cases

of giant omphalocele given the concern for a delicate sac

and potential for severe pulmonary hypoplasia. DR stabili-

zation of infants with an omphalocele begins with moni-

toring the infant’s respiratory status. Infants are at risk for

pulmonary hypoplasia secondary to thoracic maldevelop-

ment as a result of the abdominal organs developing out-

side the body. (24)(25) Some infants will not require any

respiratory support, but many will require continuous pos-

itive airway pressure and some will need intubation. Given

the risk for pulmonary hypoplasia, there is a risk of

Figure 1. Typical delivery room setup for a congenital diaphragmatic hernia delivery. Cognitive aid is shown on the screen in the back (red circle);
video laryngoscope is in the line of view of the airway clinician, and high-frequency oscillatory ventilator and respiratory function monitor are to
the right.
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ジャーナルの主な 
コンテンツ
•	 新生児および周産期の総説論文
• NeoVisuals新生児ライブラリー—新規！
•	 新生児POCUSビデオデモ—新規！
• NICUを退院した新生児の転帰
•	 複雑な胎児ケアの症例
•	 母子ケーススタディ
• NeoBrief音声スライド
•	 保育室での仮説力
•	 ビジュアル診断
•	 ビデオコーナー
•	 公平性、多様性、包摂

NeoReviewsを利用者に配信することで、アーカイブ	
全体へのアクセスを提供できます。新生児蘇生
法、先天異常、稀な症候群や疾患、推奨される	
分娩室での手術条件、侵襲が極力小さい手術法	
など、幅広いトピックに関する今日のベストプラ
クティスについて、NICUチームに重要な最新情報
を提供します！


