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Fig. 127.1 Pulmonary changes in infants treated with prolonged, intermittent positive pressure breathing with air
containing 80-100% oxygen in the immediate postnatal period for the clinical syndrome of hyaline membrane
disease. A, A 5 day old infant with nearly complete opacification of the lungs. B, A 13 day old infant with “bubbly
lungs” simulating the radiographic appearance of the Wilson-Mikity syndrome. C, A 7 mo old infant with
irregular, dense strands in both lungs, hyperinflation, and cardiomegaly suggestive of chronic lung disease. D,
Large right ventricle and a cobbly, irregular aerated lung of an infant who died at 11 mo of age. This infant also
had a patent ductus arteriosus.
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Table 130.1 | Etiology of Persistent Pulmonary
Hypertension of the Newborn in Neonates

Maladaptation of pulmonary vasculature (abnormal, “reactive”

pulmonary vasoconstriction)

e Parenchymal lung diseases, such as meconium aspiration
syndrome (MAS), respiratory distress syndrome (RDS), and
pneumonia

® In response to systemic disorders, such as hypothermia, sepsis,
fetal hypoxia/distress, hypercapnia, acidosis, and hyperviscosity

e Toxic/pharmacologic exposure in utero (maternal selective
serotonin reuptake inhibitor (SSRI) use)

Maldevelopment of pulmonary vasculature (remodeling of

pulmonary vasculature)

* In utero closure of ductus arteriosus (maternal cyclooxygenase
inhibitor use)

e Sustained pulmonary over circulation in congenital heart disease
with large left-to-right shunts

® Intrauterine growth restriction

® Genetic/chromosomal anomalies (trisomy 21, alveolar-capillary
dysplasia, surfactant protein deficiency)

Underdevelopment of pulmonary vasculature (hypoplastic

pulmonary vessels; | cross-sectional area)

¢ Congenital diaphragmatic hernia

® Pulmonary hypoplasia (premature prolonged rupture of
membranes, oligohydramnios and anhydramnios, space-
occupying lesions in the chest).

From Sharma M, Callan E, Konduri GG. Pulmonary vasodilator therapy in persistent
pulmonary hypertension of the newborn. Clin Perinatol. 2022;49:103-105. Box 1.
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Fig. 130.1 Cardiopulmonary interactions in persistent pulmonary hypertension of the newborn (PPHN).
FO, Foramen ovale; LV, left ventricular; PDA, patent ductus arteriosus; PVR, pulmonary vascular
resistance; RV, right ventricular; SVR, systemic vascular resistance.
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Fig. 132.1 A, Right-sided tension pneumothorax and widespread right lung pulmonary interstitial
emphysema in a preterm infant receiving intensive care. B, Resolution of pneumothorax with a chest tube
in place. Pulmonary interstitial emphysema (PIE) persists.

‘oS Thgi g

‘oSl gog (Sl e

el 4y (ST s b b Dle Crons 53 (i Glalao alS g (il Gl Oy gar caodle o2 950 50

Gl ol (ol OWae & jg0 0 b Al (ST O g 9 9580 ol (cundiS (s b locade (WST)g5g000
S o0 59l B

Gl S5 AP a8 al8l ( nSThgs (o9 )L oD g 5 09d g S ey S8 Candy Sl (Ses
Pl oS glasl Sl 5 009 w5 g 051,300 (FLSl 9 PMI e i ¢ ondS (slao 090 b (2alS 5 (il
RS 'ERN PR IR gy

2,5 0, 1y ST g5 g00i Wlgh cos ad,b ¥ an )8 slaausl 4SS

Ded 0098 Sad e Cowl e (5,Lad (ST g0g0 4o

(b Ao g0 9oy
J.MJL..' )‘QCAA)LC 9 ob% 051)5.:9.4;9*.’ o‘).a.b w‘ uiauc
Dgs o o> b cdl g S8 )5 slanyyg elusl (g9 9 (99,5 (Slaay g Sbgaels el ally oL lga g 51

OYYY JS0) ol wbongesn Sgegi8 il olyg 10 (sl o jwital 1SS



oo r=l g

1P$ Jsad
Section 136

NEC

sl Sl 0aiiS g5 45 el 30358 e 10 1S milhysl el
(009, slojlgns G b bloro 59,55 5) 098 o0 palls 039 jlaz 59,55 5 (Ao Bl o b

Db oo il (Shel> G palS g 81365 (359 (el L e 9 S e (lie g goud

'SPl
B2 0 7y o A b wlEy il Lo NEC 55950 50 L3 sla, g5
b oSusl ()
5955 (Y
($losg) s9logia) 039, bl s 4>l 1 192 @oas (¥
Ogeslys8 5 (F
S0 5 g «SaBghy (O
53,8 oo B s 0515 Jlou 3T 5 sl Sl a1
a5 NEC Totalis aily anils sglas pguS, b oaas 31 () S 31

;51 ai ke NEC jgile ,giS1 S, ¥ 1SS
u...u)lj \
039, 33 SFSL Ggemlisls (V
Ve 8 b aydas (¥
5 S5 ol el 5 sl i a5 s 45 a5 5 5 3 (55 St e 1435
Toll-like 4 4 IL-6 o055 v
PAF 553, 0aiiS Jleb 152515 15| 05 lee it Jokos o b 55mgn] Jgtowo 45 a5 5l (glaios ¥/
NO o3l o JLligail iy ;5351 Jio goilans]

el yiaS jlez ole s loliel 4o yioren S o F) (Slovg, 4ds £4,0 5l L8 &0 4 NEC



WENE)

2 Ubj

[e8ls oy [ Slayly (suSi! atslus yloljes ol jo aS aao &, wilgs o NEC 550 5 lolie ;0 0,lg0 7Y+ 3g0> ;o

B0 gyl ot 9 (S 309 S g9l g, (8 (501550 (slas Lo

AY DL s, - ) 5,9) o

b e

Sl VWELY oo 7,8 4 NEC (5le 5l slacgoms

Table 136.1 | Signs and Symptoms Associated with Necrotizing Enterocolitis

GASTROINTESTINAL SYSTEMIC

Abdominal distention Lethargy

Abdominal tenderness Apnea/respiratory distress

Feeding intolerance Temperature instability

Delayed gastric emptying Acidosis (metabolic and/or respiratory)

Emesis Glucose instability

Occult/gross blood in stool Poor perfusion/shock

Change in stool pattern/diarrhea Thrombocytopenia

Abdominal mass Disseminated intravascular coagulopathy

Erythema of abdominal wall

From Kanto WP Jr, Hunter JE, Stoll BJ. Recognition and medical management of necrotizing enterocolitis. Clin Perinatol. 1994;21:335-346.
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Fig. 138.1 Developmental changes in (A) hemoglobin tetramers and (B) globin subunit expression from
early gestation through infancy. (From Polin RA, Fox WW. Fetal and Neonatal Physiology. 2nd ed.
Philadelphia: Saunders; 1998. p. 1769.)
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Fig. 143-1 Hydrops fetalis. Longitudinal sonographic image of the fetus, with ascitic fluid outlining the
liver (large arrow). The small arrow shows pleural effusion above the diaphragm.
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Table 143.1 | Principal Diagnoses Associated with Nonimmune Hydrops Fetalis

CARDIOVASCULAR (21%)
STRUCTURAL

Hypoplasias (left or right heart)
AV canal defect

Single ventricle

Transposition of great arteries
Septal defects (VSD/ASD)
Tetralogy of Fallot

Ebstein anomaly

Ductus arteriosus closure
Truncus arteriosus

Valvular (stenosis/insufficiency)
ARRYTHMIAS

* Atrial (flutter/tachyarrhythmia)
¢ Wolff-Parkinson-White

¢ Supraventricular tachycardia
¢ Long QT interval

¢ Heart block
CARDIOMYOPATHY

* Tumors

* Neoplasias

* Myopathies

¢ Cardiosplenic syndromes

¢ Hereditary cardiomyopathies
INFECTION (6.7%)

¢ Cytomegalovirus

Parvovirus B19

Syphilis

Herpes simplex

Rubella

Coxsackievirus

Leptospirosis

Trypanosoma cruzi

NBORN STORAGE DISEASE (1.1%)
Gaucher disease

GM1 gangliosidosis

Sialidosis

MPS IVA and VII

Mucolipidosis type I+II
Galactosialidosis
Niemann-Pick type C
TTTS-PLACENTAL (5.6%)

Twin

e TTTS

¢ Acardiac twin

Placental

* Umbilical vein thrombosis

¢ Umbilical cord angiomyxoma
¢ True cord knot
.
.

Chorionic vein thrombosis
Rare placenta disorders

THORACIC/EXTRATHORACIC MASS/LYMPHATIC (12.4%)
Mass Effect

* Diaphragmatic hernia

Congenital pulmonary adenomatoid malformation
Intrathoracic mass

Pulmonary sequestration

Chylothorax

Airway obstruction

Pulmonary lymphangiectasia
Bronchogenic cyst

Other

* Milroy syndrome

¢ Generalized lymphatic dysplasia

* Lymphedema-distichiasis syndrome
Skeletal Dysplasias

* Thanatophoric dysplasia

Short rib polydactyly

* Hypophosphatasia

* Osteogenesis imperfecta chondrogenesis
L]

.

Campomelic dysplasia
Lethal achondroplasia
* Nager syndrome
IDIOPATHIC (17.8%)
CHROMOSOMAL (13.4%)
TRISOMY
. 21
* 18
* 13
MONOSOMY
» 45X
* 45, X (mosaic)
DUPLICATIONS
e 18q+
* 11p
DELETIONS
* 13g-
» 17q-
TRIPLOIDY

HEMATOLOGIC (10.4%)
Alpha-thalassemia

Hereditary stomatocytosis

Fetomaternal hemorrhage
Glucose-6-phosphate deficiency
Leukemia

Pyruvate kinase deficiency

Red blood cell aplasias
Diamond-Blackfan syndrome
GASTROINTESTINAL (0.5%)

Duodenal atresia

Ducdenal diverticulum

Jejunoileal atresia

Volvulus

Imperforate anus

Meconium peritonitis

Intestinal malrotation

Intestinal duplication

Hepatic fibrosis

Cholestasis

Biliary atresia

Hepatic vascular malformations
Hepatitis

Hepatic necrosis

Liver tumor or cysts
SYNDROMIC/MISCELLANEQUS (8.1%)

* Noonan syndrome and other RASopathies
* Arthrogryposis

» Multiple pterygium syndrome
* Neu-Laxova syndrome

* Pena-Shokeir syndrome

* Myotonic dystrophy

* Saldino-Noonan syndrome
* Francois syndrome, type |l
* Familial nuchal bleb

* Elejalde syndrome
L]
u
.
.
.
.
.

Thoracoabdominal syndrome
RINARY TRACT MALFORMATION (2.3%)
Urethral stenosis
Urethral atresia
Posterior urethral valve
Finnish type nephrosis
Edwards (prune belly) syndrome
OTHER
* HLH
* |PEX
* Nemaline myopathy
* Multiple pterygium syndrome
* Hyper IgE syndrome

ASD, Atrial septal defect; AV, arteriovenous; HLH, hemophagocytic lymphohistiocytosis; IPEX, immune dysregulation polyendocrinopathy enteropathy X-linked, MPS,
mucopolysaccharide; TTTS, twin-twin transfusion syndrome; VSD, ventricular septal defect.
Modified from Martin RJ, Fanaroff AA, Walsh MC, eds. Fanaroff & Martin’s Neonatal-Perinatal Medicine Diseases of the Fetus and Infant, 11th ed. Philadelphia: Elsevier; 2020: Table

23.4,p 381
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Maternal
hyperglycemia
| Placenta |
L J
Fetal hyper- —» Fetal hyper- =——— Fetal hyper-
glycemia insulinemia glycemia and
l hyperinsulinemia
¥
1.Congenital 1. Neonatal 1. Fetal macrosomia
anomalies hypoglycemia (=20 weeks
(peri-con- (0-7 days postnatal) gestation)
ceptional) J

a. Birth asphyxia ——
2 Decreased 2. Surfactant deficiency b. Cardiomyopathy

early growth (neonatal) c. TTN

(0-20 weeks

gestation) 3. Immature 2. Fetal hypoxia

liver metabolism (=30 weeks

3. Hyperinsul- (neonatal) gestation)

inemia

(=20 weeks l

gestation)

a. Jaundice €————3a_Polycythemia

c. lron
abnormalities

}

—3 Poor neurodevelopmental outcome €——

b. Stroke, RVT

Fig. 147.1 The fetal and neonatal events attributable to fetal hyperglycemia (column 1), fetal
hyperinsulinemia (column 2), or both in synergy (column 3). Time of risk is denoted in parentheses. RVT,
Renal vein thrombosis; TTN, transient tachypnea of the newborn.
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Table 148.2 | Most Common Pathogens Causing Neonatal
Infections, Grouped by Timing of Infection

CONGENITAL/PERINATAL
Toxoplasmosis
Treponema pallidum (syphilis)
Rubella

Cytomegalovirus

Herpes simplex virus
Hepatitis B and C

Human immunodeficiency
virus

Varicella

Parvovirus B19
Tuberculosis

Zika virus

EARLY-ONSET

Group B Streptococcus
Escherichia coli
Haemophilus species
Staphylococcus aureus
Klebsiella species
Enterococcus species
Herpes simplex virus
Streptococcus anginosus
Listeria monocytogenes

Enterobacter species
Citrobacter species
Streptococcus pneumoniae
Morganella morganii
Pseudomonas species
Serratia species
Bacteroides species

LATE-ONSET

Coagulase-negative
staphylococci
Staphylococcus aureus
Escherichia coli
Candida species
Enterococcus species
Group B Streptococcus
Klebsiella species
Enterobacter species
Pseudomonas species
Respiratory syncytial virus
Herpes simplex virus
Enteroviruses

Listeria monocytogenes
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Bloodstream invasion

Y
: Placental infeclionl

Mo fetal or placental

infection
Yy v
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Embryonic Abortion Premature Term
death and \ infant infant |
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¥

l- Persistent postnatal infection
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l

No apparent
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Fig. 149.1 Pathogenesis of hematogenous transplacental infections.
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Table 149.1 | Specific Agents in Effects of Transplacental Fetal Infection on the Fetus and Newborn Infant

DISEASE
INTRAUTERINE GROWTH PERSISTENT
RESTRICTION/LOW DEVELOPMENTAL CONGENITAL POSTNATAL
ORGANISM PREMATURITY BIRTHWEIGHT ANOMALIES DISEASE INFECTION
Viruses CMV CMV CMV CMV CMV
HSV Rubella Rubella Rubella Rubella
Rubeola VZV* Vzv VZv VZv
Smallpox HIV Coxsackievirus B* HSV HSV
HBV Zika HIV Mumps* HBV
HIv* Zika Rubeola HIV
SARS-CoV-2 Vaccinia Zika
Zika Smallpox
Coxsackievirus B
Poliovirus
HBV
HIvV
LCV
Parvovirus
Zika
Bacteria Treponema pallidum T. pallidum T. pallidum
Mycobacterium M. tuberculosis M. tuberculosis
tuberculosis L. monocytogenes
Listeria monocytogenes C. fetus
Campylobacter fetus S. typhi
Salmonella typhi Borrelia burgdorferi
Protozoa Toxoplasma gondii T gondii T. gondii T. gondii
Plasmodium* Plasmodium Plasmodium Plasmodium
Trypanosoma cruzi T. cruzi T. cruzi

*Association of effect with infection has been suggested and is under consideration

CMV, Cytomegalovirus; HBV, hepatitis B virus; HSV, herpes simplex virus; LCV. lymphocytic choriomeningitis virus; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; VZV,
varicella-zoster virus

From Maldonado YA, Nizet V, Klein JO, et al. Current concepts of infections of the fetus and newborn infant. In: Wilson CB, Nizet V, Maldonado Y, et al., eds. Remington and Klein's

Infectious Diseases of the Fetus and Newborn, 8th ed. Philadelphia: Elsevier; 2016. Tables 1-5; and from Woodworth KR, Olsen EO, Neelam V, et al. Birth and Infant Outcomes

Following Laboratory-Confirmed SARS-CoV-2 Infection in Pregnancy - SET-NET, 16 Jurisdictions, March 29-October 14, 2020. MMWR Morb Mortal Wkly Rep 2020;69:1635-40.
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