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Learning objectives

Distinguish nonimmune hydrops from immune-mediated fetal hemolysis.

Explain how cardiac, hematologic and lymphatic abnormalities produce fetal fluid
accumulation.

|ldentify major etiologic groups and their characteristic pathology.

Integrate morphology with the likely underlying fetal disorder.




Fetal hydrops: The central concept

Abnormal fluid accumulation during intrauterine growth

e The distribution and severity of edema vary widely.

e A shared morphologic endpoint may arise from different diseases.

e Hydrops is a manifestation—not a single etiologic diagnosis.




Severity forms a spectrum

Localized fluid collection

More extensive fetal
edema

Generalized hydrops
fetalis

The most severe generalized form may be lethal; Lesser forms can be compatible with life.




Fluid may accumulate 1n distinct sites

Soft tissues

Generalized
subcutaneous edema;
Prominent neck swelling
may occur

Pleural / peritoneal
spaces

Isolated effusions can
represent lesser degrees
of fluid accumulation

Postnuchal region

Cystic hygroma reflects
localized fluid
accumulation, often
lymphatic




Why nonimmune hydrops predominates

Rh immune prophylaxis

Marked reduction in
immune hydrops

Nonimmune causes now
predominate

Relative frequency changed after effective prevention of Rh alloimmunization.




Two pathogenetic categories

Immune hydrops Nonimmune hydrops
e Maternal red-cell alloantibodies cross the e No requirement for maternal anti-red-cell
placenta antibodies

e Multiple cardiovascular, genetic,

e Fetal erythrocyte destruction is central hematologic or placental causes




Nonimmune hydrops 1s a syndrome

Different initiating lesions converge on fetal edema

e A structural cardiac defect and a severe fetal anemia can share the same gross appearance.

e The mechanism must be traced backward from fluid accumulation to its cause.

e Morphology can provide clues but does not establish etiology alone.




The balance governing fetal edema

) Movement into tissues ] )
Intravascular fluid forces |— O / — Fluid accumulation

Hydrostatic pressure, oncotic pressure and lymphatic return influence the final distribution of fluid.



Elevated venous pressure promotes edema

Cardiac functional
impairment

N\ 4 )\ 4 N\ 4
. Increased . .
Circulatory . Tissue fluid
— . — hydrostatic — .
congestion accumulation
pressure
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Cardiac failure to raised hydrostatic pressure in fetal hydrops.



Reduced oncotic pressure promotes edema

Severe fetal Hepatic hypoxic Decreased plasma
anemia injury protein synthesis

Reduced oncotic
pressure

A contributor especially when anemia causes hepatic injury.




Anemia also stresses the fetal heart

Inadequate red-
cell oxygen
delivery

—

Cardiac hypoxia

Cardiac
decompensation

Fetal hydrops

Anemia is a systemic oxygen-delivery problem, not solely a blood-count abnormality.




Lymphatic dysfunction: A distinct route

Abnormal ) ..
lvmbhatic . Poor interstitial . Postnuchal . Cvstic hveroma
y p fluid clearance accumulation y y8
drainage
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Particularly relevant to 45,X / Turner syndrome.



Different mechanisms may coexist

Mechanism lllustrative disorder Immediate consequence
Hydrostatic pressure T Cardiac malformation / arrhythmia Congestion
Oncotic pressure |, Severe anemia with liver injury Reduced plasma-protein support

Lymphatic drainage Turner syndrome Postnuchal fluid accumulation




Three major etiologic groups

Cardiovascular

Congenital structural
lesions and functional
rhythm disturbances

Chromosomal

45,X and trisomies 21/18,
often with cardiac
anomalies

Fetal anemia

Severe anemia unrelated
to Rh or ABO maternal
antibodies




Cardiovascular defects: Two routes

Structural Functional
e Congenital cardiac malformations e Fetal arrhythmias
e Abnormal intracardiac anatomy e An abnormal rhythm can impair effective

compromises fetal circulation cardiac output




Structural cardiac malformation

Congenital defect

Impaired
circulation

Fetal cardiac
failure

Hydrops

Congenital cardiac malformations as major structural causes.



Arrhythmia can cause hydrops

Fetal rhythm
disturbance

Ineffective cardiac
function

Intrauterine heart
failure

Generalized
edema

Functional cardiac defects do not require an anatomic malformation.




Why a normal-looking heart 1s insufficient

e Hydrops may result from functional cardiac disease, including arrhythmia.

e Structural assessment alone cannot exclude all cardiac mechanismes.

e The etiologic reasoning must consider both morphology and function.




The cardiovascular final pathway

Heart failure — venous congestion — fetal edema

e Both structural lesions and arrhythmias can initiate this pathway.

e Concurrent anemia can aggravate myocardial oxygen deficiency.

e The visible hydrops is downstream of the cardiovascular disorder.




Chromosomal causes: Key examples

45,X Trisomy 21 Trisomy 18
Turner syndrome; Cardiac Hydrops associated with Hydrops associated with
and lymphatic accompanying cardiac accompanying cardiac

abnormalities abnormalities abnormalities




45,X: Two mechanisms 1n one fetus

Cardiovascular component Lymphatic component

e Associated structural cardiac anomalies e Abnormal drainage from the fetal neck

e Potential intrauterine cardiac failure e Postnuchal cystic hygroma




Turner syndrome and cystic hygroma

45,X chromosomal
anomaly

Lymphatic i
YL Postnuchal fluid
— drainage — ] —
. retention
abnormality
& J \§ J

A useful etiologic clue; Not exclusive to 45,X.

Cystic hygroma




Cystic hygroma is not pathognomonic

e Prominent posterior neck fluid may accompany a 45,X karyotype.

e That cystic hygromas also occur outside Turner syndrome.

e Interpret the finding with other malformations and the overall phenotype.




Cardiac anomalies link aneuploidy to hydrops

Trisomy 21 or 18

Associated cardiac
malformation

Fetal circulatory
dysfunction

Structural cardiac defects as the link.

Hydrops




Dysmorphism directs etiologic reasoning

e Dysmorphic features in a hydropic fetus suggest possible chromosomal disease.

e Morphologic suspicion is a clue, not a definitive chromosome diagnosis.

e Postmortem study may disclose previously unrecognized cardiac abnormalities.




Chromosomal disease: Multiple phenotypes

Finding Pathogenetic interpretation
Cardiac malformation Potential circulatory failure
Posterior neck fluid Possible lymphatic-drainage disturbance

Consider underlying constitutional chromosome

Dysmorphic features
anomaly




Fetal anemia: A nonimmune mechanism

Marked oxygen-delivery failure can culminate in hydrops

e The anemia is not caused by maternal Rh or ABO antibodies.

e Severe anemia can damage heart and liver through hypoxia.

e Hepatic protein synthesis and cardiovascular function may both deteriorate.




Alpha-globin gene dosage

Four a-globin
genes normally

Progressive gene
loss

Less a-chain
synthesis

Increasing disease
severity

Each normal alpha-globin gene contributes to chain synthesis.




Alpha-thalassemia severity tracks deletions

o-gene deletions Syndrome Relation to hydrops
1 Silent carrier Not the severe fetal phenotype
2 a-thalassemia trait Mild, often microcytosis
3 HbH disease Significant anemia

4 a-thalassemia major Severe fetal anemia / hydrops




Four deleted a genes: a-thalassemia major

Deletion of all 4 a-
globin genes

Absent a-chain
synthesis

Hb Bart’s
predominance in
fetus

Severe tissue
hypoxia

Alpha-thalassemia major as a major nonimmune hydrops cause in parts of Southeast Asia.




How hemoglobin Bart’s forms

Deficiency of a-
globin chains

Excess fetal y-

. . — tetramers
globin chains Ya

Hb Bart’s is a gamma-chain homotetramer.

—

Hemoglobin Bart’s




Hb Bart’s binds oxygen too tightly

Y2 hemoglobin
tetramer

Very high oxygen
affinity

Poor oxygen
release to tissues

Severe fetal
hypoxia

The central defect is impaired unloading of oxygen, not merely hemoglobin concentration.




Fetal oxygen transport collapses

Oxygen carriage does not guarantee effective oxygen delivery

e Hemoglobin Bart’s retains oxygen with unusually high affinity.

e Severe tissue hypoxia damages the heart and other fetal organs.

e Fetal edema and organ enlargement may follow.




Clinical morphology in a-thalassemia major

. Massive
Severe pallor Generalized edema
hepatosplenomegaly
: Erythropoietic demand
Reflects profound fetal Severe nonimmune Y P .
: and cardiovascular
anemia hydrops phenotype

consequences




a-Thalassemia major: Natural history

Before fetal interventions With intrauterine transfusion

e Severe tissue anoxia often caused e Some affected fetuses can survive;
intrauterine or early neonatal death Ongoing transfusion needs may follow




Long-term consequence after survival

e Survivors of a-thalassemia major often remain transfusion dependent.

e Repeated transfusions introduce clinically important iron-overload risk.

e Hematopoietic stem-cell transplantation as potentially curative.




Parvovirus B19 enters transplacentally

Maternal
parvovirus B19
infection

Placental
transmission

Fetal erythroid
infection

Reduced red-cell
production




Erythroid tropism 1s central

Parvovirus B19 preferentially infects erythroid precursors

e The virus replicates in normoblasts.

e |Infected red-cell progenitors undergo apoptosis.

e The resulting red-cell aplasia can produce severe fetal anemia.




Parvovirus B19: Marrow sequence

Erythroid
—> | Viral replication |— precursor
apoptosis

Viral entry into
erythroblasts

Red-cell aplasia

Mechanism specified by Robbins; Not generalized marrow hyperplasia.




Parvoviral inclusions are a tissue clue

e Intranuclear inclusions in circulating or marrow erythroid precursors.

e Inclusion-bearing erythroblasts directly support infection of the red-cell lineage.

e This differs from the usual compensatory erythroid expansion in other anemic causes.




The crucial marrow exception

Most severe fetal anemias Parvovirus B19 fetal anemia

e Compensatory erythroid hyperplasia e Direct progenitor destruction

e Extramedullary hematopoiesis may expand e Red-cell aplasia despite anemia




Parvovirus pregnancy outcomes vary

Most infected pregnancies Potential adverse outcomes

e The source notes that the great majority e Fetal anemia, hydrops, spontaneous
have a normal outcome abortion or stillbirth




Timing of transplacental infection matters

e Transplacental infections can occur during pregnancy.

e Gestational timing affects clinical manifestations.

e Parvovirus-associated adverse outcomes include second-trimester pregnancy loss.




Two fetal anemia pathways compared

Feature o-thalassemia major Parvovirus B19
Primary lesion Four a-gene deletions Erythroid progenitor infection
Mechanism Hb Bart’s / severe tissue hypoxia Red-cell precursor apoptosis
Marrow response Compensatory erythropoiesis PRI UDEIL S

exception




Twin hydrops: Start with the placenta

Shared placental vascular channels can redistribute fetal blood

e Monochorionic twin placentas contain vascular anastomoses.

e Some shunts preferentially move blood between circulations.

e Severe imbalanced perfusion may threaten one or both twins.




Twin placentation determines risk

Dichorionic placentation Monochorionic placentation

e Two chorionic units; May occur in dizygotic e Implies monozygotic twins; Vessels can
or monozygotic twins connect circulations




Placental vascular anastomoses

Shared
monochorionic
placenta

Vascular
connections

Unequal intertwin
flow

Discordant fetal
perfusion




Twin-to-twin transfusion: Donor side

Blood redirected
away

Donor
underperfusion

Circulatory
compromise

Potential fetal
injury




Twin-to-twin transfusion: Recipient side

Preferential blood
inflow

Recipient fluid
overload

Cardiovascular
strain

Potential hydrops




Twin-to-twin transfusion 1s not symmetric

Donor twin Recipient twin
e Relatively underperfused e Relatively volume overloaded
e Lower circulatory blood delivery e Greater circulatory load

e At risk from perfusion insufficiency e At risk from volume-related cardiac strain




Twin-to-twin transfusion and fetal loss

e Severe intertwin shunting may cause death of one or both fetuses.

e Approximately 10% of nonimmune hydrops cases are linked to monozygotic twin
pregnancies account.

e Twin transfusion represents a placental vascular—not red-cell alloimmune—mechanism.




An unexplained subset remains

The cause 1s not 1dentifiable 1n every hydropic fetus

e Up to 20% of cases without an established cause.

e Unexplained hydrops should not be assigned a specific molecular diagnosis by appearance
alone.

e This is a limit of etiologic classification, not an additional disease category.




Gross pathology: External fluid

e The degree of intrauterine edema varies from localized to generalized.

e Generalized anasarca produces a markedly edematous fetus.

e Posterior neck fluid is especially prominent in some lymphatic disorders.




Gross pathology: Pallor of fetus and placenta

Severe fetal
anemia

Reduced red-cell
mass

Pale fetal tissues

Pale placenta

Anemia-associated hydrops shows characteristic fetal and placental pallor.




Hepatosplenomegaly in anemic hydrops

Cardiac failure /
congestion

Visceral venous
engorgement

Enlarged liver and
spleen

Gross
hepatosplenomeg

aly

Visceral enlargement in most cases partly to cardiac failure/congestion.




Bone marrow: Compensatory response

Fetal anemia

Erythropoietic
demand

Erythroid
precursor
hyperplasia

Increased
immature red cells

This response is expected except with direct suppression such as parvovirus.




Extramedullary hematopoiesis

Liver

Erythroid cell islands
among hepatocytes

Spleen / nodes

Additional sites of
hematopoietic expansion

Other tissues

Kidneys, lungs and even
myocardium may be
involved




Why extramedullary hematopoiesis develops

Severe anemia

High ..
: . .. Hematopoiesis
—>| erythropoietic |— . —
outside marrow
demand

Visceral
involvement

Compensatory marrow and extramedullary erythropoiesis.




Erythroblastosis fetalis 1s a blood finding

e Numerous immature red cells can enter fetal peripheral circulation.

e These cells include reticulocytes and erythroblasts.

e The finding is a response to marked anemia; It is not limited to immune hydrops.




Anemia-induced hydrops: Integrated morphology

Compartment

Fetus / placenta

Liver and spleen

Bone marrow

Peripheral blood

Typical pathologic finding

Pallor

Enlargement

Erythroid hyperplasia

Reticulocytes / erythroblasts

Interpretation

Severe anemia

Congestion and hematopoiesis

Compensation for red-cell deficit

Accelerated erythropoiesis




Distinguish marrow hyperplasia from aplasia

Compensatory phenotype Parvovirus phenotype

e Infected erythroid precursors undergo

o E [ '
xpanded erythroid precursors apoptosis

e Often extranodal / extramedullary

o e Production failure may dominate
hematopoiesis




Outcome depends on severity and cause

Severe phenotype Variable burden Potential recovery

Stillbirth or death shortly Some infants have lesser Some infants recover
after birth may occur or localized collections completely




Immune versus nonimmune: Causal contrast

Feature Immune hydrops Nonimmune hydrops
Primary process Maternal anti-fetal red-cell antibody Diverse non-antibody disorders
Prominent drivers Rh/ABO incompatibility Cardiac, chromosomal, fetal anemia
Hemolysis; Neonatal Cystic hygroma, arrhythmia, genetic

Potential specific findings hyperbilirubinemia anemia, aplasia




Kernicterus: Maintain causal precision

e Bilirubin-mediated CNS injury is a major threat in immune hemolytic disease.

e The mechanism requires severe unconjugated hyperbilirubinemia.

e Hydrops itself does not imply that kernicterus is present.




Interpretation begins with the mechanism

Identify edema
distribution

Look for cardiac /
chromosomal
clues

—

Assess anemia-
related
morphology

Consider placental
and viral causes




Case: Fetal arrhythmia with edema

Clinical vignette

A fetus has generalized edema and a sustained rhythm abnormality. No structural
malformation is demonstrated.

Which direct pathway explains fluid accumulation?




Case: Posterior neck fluid and 45,X

Clinical vignette

A fetus with a 45,X karyotype has marked postnuchal fluid accumulation.

What mechanism most directly explains the neck finding?




Case: Four a-globin gene deletions

Clinical vignette

A hydropic fetus has severe pallor, massive hepatosplenomegaly, and deletion of all four a-
globin genes.

Why is fetal oxygen delivery profoundly impaired?




Case: Anemia without erythroid hyperplasia

Clinical vignette

A hydropic fetus is severely anemic. Erythroid precursors contain intranuclear inclusions
and erythropoiesis is suppressed.

Which infectious mechanism fits the pattern?




Case: Discordant monochorionic twins

Clinical vignette

Two monochorionic twins have markedly discordant perfusion; One is underperfused and
the other volume overloaded.

What placental lesion provides the mechanism?




Causal comparison across etiologies

Etiology

Arrhythmia / malformation

45,X / aneuploidy

a-Thalassemia major

Parvovirus B19

Twin transfusion

Primary disruption

Cardiac failure

Cardiac defect * lymphatic failure

Oxygen-delivery failure

Erythroid aplasia

Unequal blood distribution

Shared endpoint

Hydrops

Hydrops / cystic hygroma

Hydrops

Severe anemia — hydrops

Overload / circulatory dysfunction




Pathology principles to retain

Mechanism

Hydrops is a final
common consequence of
several distinct
disturbances

Morphology

Pallor, organ
enlargement, erythroid
response and edema
reveal key physiology

Etiology

Cardiac, chromosomal,

anemic, viral and twin-

related causes demand
distinction




Primary textbook sources

Robbins, Cotran & Kumar. Pathologic Basis of Disease. 11th ed. (2026). Chapter 10: Fetal Hydrops, pp. 419—
422.

Chapter 14: a-Thalassemia / a-Thalassemia Major.

Chapter 22: Twin Placentas; twin-to-twin transfusion syndrome.

Chapter 5: Turner syndrome (supplementary genetic context).
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