
SY-25 Placental & PerinatalPathology

Causes of Sudden Death: 

NeonatalReasons

Anastasia Konstantinidou

Professor of Pathology

National KapodistrianUniversity of Athens, Greece

XXXII Congress of the International Academy of Pathology



No conflict of interest to declare



Sudden death ςNeonatal reasons

ü 47% of deaths among children under five were newborns in 2017.
ü Neonatal mortality rates:1.6 ï87.6 ă

1.6 - 3.6ă in the western world ï10ă in Jordan in 2017

Sustainable Development Goals(SDG) target: 12҉ by 2030

ü The majority ~ 77% of the neonatal deaths are concentrated in the first day 
and week.

WHO 2017

UNICEF Global Data 2018

Neonatal death : first 28days of life
Early neonatal death : first 7 days of life (included in perinatal death)
Sudden and/or unexpected  death or collapse:the death of an infant in 

which the mode and cause of death or collapse are not immediately obvious prior 
to investigation.

Sudden unexpected early neonatal death 
rate: 0.008 ï0.1 /1,000livebirths in Australia PediatrRes. 2016

https://www.ncbi.nlm.nih.gov/pubmed/27384403


Sudden /unexpected neonatal death
Neonatal Causes(variable rates between countries)

Excluding: 

very low birth weight ïextreme prematurity = not unexpected

ÅInfectionς(involvingsepsis, pneumoniaor meningitis)
ÅCongenital abnormality/isolated or incl. chromosomal or 

nonchromosomalgenetic disorders
ÅCardiac disease
ÅPulmonary disease

ÅMetabolic diseases (IEM)
ÅOther 

ÅUndetermineddue to limited investigation / 

/UnexplainedŘŜǎǇƛǘŜ ŀƴŎƛƭƭŀǊȅ ǘŜǎǘǎ ŀƴŘ ƛƴǾŜǎǘƛƎŀǘƛƻƴ Ғ {L5{

Obstetric causes
Intrapartumasphyxia 
Intrapartumtrauma

Accidental asphyxia
Implies investigation in situ



Infection
Sepsis, Pneumonia, Meningitis/meningoencephalitis

ÅBacteria are the principal pathogens. 

group B strept, E.coli, Listeria monocytogenes, Klebsiella, gonococci, 
chlamydiae and many others

ÅViruses(HSV, CMV, RSV, adenovirus) or fungi cause some cases.

Åin utero (transplacentallyor through membranes)

Åduring delivery (intrapartum) HSV, HIV, hepatitis B / bacteria

Åfrom external sources after birth (postpartum) 
from mother  directly  or through breastfeeding (eg, HIV, CMV) 

from contact with family or visitors, health care practitioners, 

or the hospital environment (numerous organisms)



Neonatal pneumonia early or late onset 

diffuse inflammatory infiltrations



Neonatal pneumonia



eosinophils

Late Neonatal Chlamydia Pneumonia



Congenital Toxoplasmosis

toxo - cysts in the liver

TORCH infections

PediatrInt. 2014

Incidence of death from congenital toxoplasmosis in 0-4-year-old children in Japan

yearly neonatal death  rate from congenital toxoplasmosis = 0.29 %



CMV encephalitis



polymicrogyria

CMV encephalitis



Fungi
causing pneumonia, meningoencephalitis, or disseminated infection

Candida, aspergillus, mucor

granulomatous reaction

LUNGS



LUNGSFungal infection

interstitial mononuclear inflammatory 
infiltrates ðgiant cell macrophages



perivascular microabscesses giant cells

BRAIN



Fungal infection
BRAIN

thrombosed vesselsextensive necrosis



mucor hyphae



Congenital abnormality
unrecognisedby prenatal control

Heart defects

ÅTransposition of Great Arteries ςnoncorrected

ÅHypoplasticLeft Heart Complex

ÅInterrupted Aortic Arch

ÅTetralogyof Fallot/ critical pulmonary stenosis



Cardiac disease
Neonatal myocardial infarction

Associatedwith

Åcardiacor coronaryarterymalformations

Åcoagulopathy/ thromboembolismof coronaryartery

Åperinatalasphyxia 

Åpost infectious(e.g. enteroviralmyocarditis)

Åerythroblastosis/ fetal anemia

myocardial necrosis 
and calcifications
post enteroviral myocarditis



Arrhythmogenicmyocardial diseases 

cardiomegaly, severe cardiac arrhythmias or sudden death, 
and the presence of histiocyte-likecellswithin the myocardium

ü presents as SIDS in infancyς
1 in 5 cases (20%) diagnosed within 30 days of birth

ümtDNAmutation in MT-CYBgene identified 

Cardiac disease

Histiocytoidcardiomyopathy

Cardiomyopathies

Hypertrophic cardiomyopathyςpostneonatalage 
very rarely the cause of sudden neonatal death 
(compound heterozygosity) 



https://www.researchgate.net/publication/315471736_Histiocytoid_cardiomyopathy_.../figures

nests of foamy histiocyte - like cells with a granular cytoplasm containing 
lipid droplets and abundant atypical mitochondria

Histiocytoidcardiomyopathy



Left ventricular non-compaction cardiomyopathy(LVNC)

trabecular sinusoids in the L. ventricular myocardium

Masson tr. Spongiform myocardium

presenting as dilated cardiomyopathy



Channelopathies(Long QT syndromeτLQTS, BrugadasyndromeτBrS, 

CatecholaminergicPolymorphic Ventricular TachycardiaτCPVT and Short QT 
syndromeτSQTS) 

Evidence
Åclinical correlations between the long QT syndrome and SIDS 

ÅƎŜƴŜǘƛŎ ŀƴŀƭȅǎŜǎ ƛƴ ŎƻƘƻǊǘǎ ƻŦ {L5{ ǾƛŎǘƛƳǎ όάƳƻƭŜŎǳƭŀǊ ŀǳǘƻǇǎȅέύ ƘŀǾŜ ǊŜǾŜŀƭŜŘ ŀ 
large number of mutations in ion channel-related genes linked to inheritable 
arrhythmogenicsyndromes.

ISRN Cardiol. 2012        Neonatology 2012

Cardiac disease

Curr OpinCardiol. 2015

Arrhythmogenicmyocardial diseases 

άCardiac ion channelopathiesέ ŀǊŜ ƴƻǘ ŘŜǘŜŎǘŀōƭŜ ŘǳǊƛƴƎ ŀ ǎǘŀƴŘŀǊŘ 
postmortem examination.
It is thought that may create the vulnerable infant and thus contribute to SIDS (or 
SND). 



Congenital Pulmonary Hypoplasia/

Persistent Pulmonary Hypertension

Acute respiratory distress soon after birth ςearly neonatal death

LUNGS



Congenital Pulmonary Hypoplasia

Primary

genetic syndromes/chromosomal defects ς
or reflects underlying Congenital Alveolar Dysplasia

Secondary
abnormalthoracic cavity+/- mediastinalshift
Å diaphragmatic hernia / CAM

abnormal fetal breathing movements
Å CNS orneuromuscular disorders

abnormalities of fetal lung fluid and lung fluid pressure
Å oligohydramnios

CHDwith poor pulmonary blood flow
Å pulmonary stenosis



Congenital Alveolar Dysplasia

Developmental disorder ςgrowth arrest at the saccularstage

term infant

Primary Pulmonary Hypoplasia



Congenital Pulmonary Hypoplasia

Primary
genetic syndromes/chromosomal defects ς
or reflects underlying Congenital Alveolar Dysplasia

Secondary
abnormalthoracic cavity+/- mediastinalshift
Å diaphragmatic hernia / CAM

abnormal fetal breathing movements
Å CNS orneuromuscular disorders

abnormalities of fetal lung fluid and lung fluid pressure
Å oligohydramnios

CHDwith poorpulmonary blood flow
Å pulmonary stenosis

Combined lung weight to body weight ratio < 0.012

Radial alveolar count <5



diaphragmatic hernia CPH following oligohydramnios

https://ars.els-cdn.com/content/image/1-s2.0-S1726490111003315-gr5_lrg.jpg



Pulmonary hypoplasia+ Kidney disease

Scenario

Åwomen not been followed prenatally

Å few cases unsuspected at prenatal US

Postnatal diagnoses in this group include:

Åbilateral renal agenesis
Åpolycystic renal disease
Åcongenital urethral obstruction 

Death from pulmonary hypoplasiaor renal failure

Arch Dis Childhood 2002



ɮRPKD

Pulmonary hypoplasia

in ǥRPKD



Pulmonary hypoplasia +  Skeletal dysplasia

Secondary to severe thoracic constriction

or Primary

Lethal in the early neonatal period



Skeletal ciliopathies

JEUNE ATD Short -Rib ± Polydactyly

+ extraskeletalfindings



ÅSpondylocostal/ spondylothoracicdysostoses
(Jarcho-Levin phenotype)



Persistent Pulmonary Hypertension
of the Newborn (PPHN)

PPHN is the failure of the normal circulatory transition
that occurs after birth. 

marked pulmonary hypertension 

right-to-left shunting of blood 
at the foramen ovaleand ductusarteriosus

hypoxemia 

asphyxia



Secondary to

1.  Acute pulmonary vasoconstriction due to acute perinatal events

parenchymallung disease / asphyxia/ hypothermia/ hypoglycemia 

(e.g. alveolar hypoxia secondary to meconiumaspiration syndrome, respiratory 
distress syndrome, or pneumonia)

2.  Hypoplasiaof the pulmonary vascular bed (commonly seen with congenital 
diaphragmatic hernia or oligohydramnios, uncommonly with CAM)

3.  Congenital Heart Defect(left-to-right shunt VSD, AV canal, patent DA, AP 
window / TGA / Obstructive cardiopathyTAPVR, MS, HLHS, cardiomyopathy

PPHN

Idiopathic(10% - impaired pulmonary relaxation after birth in the absence of 
parenchymallung disease or CHD)

constriction or premature closure of the DA in utero, which can occur after 
exposure to aspirin or NSAIDs  during the third trimester.

SeminFetal Neonatal Med 2017



Endothelial proliferation, intimal fibrosis, medial hypertrophy

PPHN



PPHN



Alveolar capillary dysplasia

thickened alveolar walls with centrally located alveolar capillaries 

misalignment of congested pulmonary veins and venules adjacent to 
the hypertrophied pulmonary arteries and arterioles

PPHN



Alveolar capillary dysplasia / MPV
PPHN

ǎƘƻǊǘ άƘƻƴŜȅƳƻƻƴέ ǇŜǊƛƻŘ ƻŦ ǿŜƭƭƴŜǎǎ  ŦƻƭƭƻǿŜŘ ōȅ ǎŜǾŜǊŜ ttIb

Typically associated with multiple extrapulmonarymalformations 
(CHD, intestinal malrotation, GU tract, others

AVC/MPV is a genetic disorder 
characterized by abnormal 
vascular development in the 
lung.

FOXF1

M. Dishop. Diffuse Developmental Lung Disorders. ECP 2017



Genetic Surfactant Deficiency

present in the first hours, days, or weeks of life with acute 
respiratory distress

and imaging findings that mimic hyaline membrane disease

-diffuse alveolar epithelial hyperplasia 
-abundant alveolar proteinosismaterial 
-increased foamy macrophages

alveolar proteinosis



NALF
Åneonatal iron storage disease
Åinborn errors of metabolism
Åinfection

Hepatic necrosis 

almost always in the context of 
congenital viral infection

HSV, enterovirusECHO, adenovirus

Neonatal Acute Liver Failure



Neonatal haemochromatosis/ Neonatal iron storage disease

Siderosis: liver, exocrine pancreas, myocardium, thyroid,minor salivary glands et al.

(ґspleen) thyroid > pancreas

Etiopathogenesis

GALD: gestational alloimmuneliver disease
80% recurrence

Rarely ( < 2% )

non-GALD: perinatalinfection,bile acidsynthesisdefect, 
mitochondrial DNA depletion(DGUOKmutations), trisomy21,
other syndromes

Phenotype: 

severe liver disease in the newborn accompanied by extrahepaticsiderosis

ascites / hydrops

J Clin ExpHepatol2013



Neonatal haemochromatosis/ Neonatal iron storage disease

dominant features:

ümarked loss of hepatocytes
üsevere panlobular parenchymal fibrosis
ühepatocyte siderosis

Liver
small, nodular,
bile-stained, 
fibrotic or cirrhotic



Inborn Errors of Metabolism

Aminoacidand Peptide metabolism

Á Urea cycle disorders

Á Organic acidurias

Á Other aminoaciddisorders /non-organic acidurias

Á Tyrosinemiatype 1

Á Nonketotichyperglycinemia

Glycogen storage disorders

Á GSD Ia (von Gierke)

Á GSD II (Pompe)

Á GSD IV (Andersen/lethal neonatal type)

Fatty acid and ketonebody metabolism

Á Disorders of carnitinetransport and carnitinecycle

Á Disorders of mitochondrial fatty acid oxidation

Mitochondrial respiratory chain disorders

Á Point mutations of mtDNA

Á Complex IV deficiency 

IEM associated with SID +neonatal presentation 

Neonatology 2016

Metaanalysis

Of 43 IEMs associated with SID:

V26 can already present during the neonatal period, 

Vtreatment is available for at least 32, 

V26 can currently be identified by the analysis of 

acylcarnitinesand amino acids in driedbloodspots(DBS).

0.9ς6% of all SID cases involve IEM.

26 individual entities



Fatty Acid Oxidation Defects

- diffuse macro - and micro-vesicular steatosis
- persistent extramedullary hemopoiesis

medium chain acyl-CoAdehydrogenasedeficiency



think of 

ω Glutaric aciduriaII

ω Mitochondrial disorder

ω Peroxisomaldisorder

Cortical cysts ïglomerular and tubular



mtDNAmutation

Degeneration and neovascularisation in the brainstem


