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Learning objectives

• Define amniotic fluid embolism (AFE) and situate it among causes of embolic disease.

• Trace fetal-component entry to pulmonary vascular, cardiac, inflammatory, and 
coagulation responses.

• Recognize the classic clinical syndrome, pulmonary morphology, and diagnostic 
limitations.

• Differentiate AFE from competing causes of peripartum collapse.



AFE is not a conventional thromboembolism

The name “embolism” describes entry of material, not the complete pathogenic 
mechanism.

• AFE is a catastrophic obstetric syndrome associated with fetal material entering maternal 
circulation.

• Its major injury is a host response involving coagulation, innate immunity, and vasoactive 
mediators.

• Mechanical plugging of pulmonary vessels is not the principal explanation for most severe 
manifestations.



Rare event, disproportionate clinical severity

INCIDENCE

Approximately 2–6 events 
per 100,000 deliveries.

CASE FATALITY

Mortality as high as 60% 
in cited series; Estimates 

vary by cohort and 
ascertainment.

NEUROLOGIC MORBIDITY

Approximately half of 
survivors experience 

lasting neurologic 
dysfunction.

Historical textbook estimates; Do not treat them as a uniform contemporary registry rate.



Interpreting the reported burden

• Incidence is counted per delivery; Case fatality is counted among identified AFE cases.

• Surveillance definitions and clinical recognition affect measured frequency and 
outcome.

• Substantial maternal mortality contribution; The exact share is setting- and period-
dependent.

Avoid comparing percentages from different countries or diagnostic definitions as if directly interchangeable.



Clinical setting: Labor and immediate puerperium

• The sentinel event typically occurs during labor or soon after delivery.

• Sudden cardiorespiratory deterioration may precede the recognition of disseminated 
intravascular coagulation (DIC).

• The temporally tight obstetric context increases suspicion but does not establish the 
diagnosis.



Clinical progression at a glance

Maternal exposure to fetal / 
amniotic constituents

Abrupt pulmonary and 
circulatory disturbance

Hypoxia, neurologic injury 
and DIC

Conceptual sequence: Manifestations can overlap or evolve rapidly.



Opening clinical vignette

Reason through the pulmonary and coagulation manifestations together.

• A patient develops abrupt dyspnea and cyanosis during delivery.

• Profound hypotension follows; Bleeding begins as coagulation becomes impaired.

• Question: What mechanism could link pulmonary collapse to a hemorrhagic diathesis?



What enters the circulation?

CELLULAR MATERIAL

Fetal squamous cells and 
lanugo hair may be 

transported into maternal 
vessels.

LIPID MATERIAL

Fat from vernix caseosa 
may be identified in 

pulmonary 
microvasculature.

MUCIN

Mucins may originate in 
the fetal respiratory or 
gastrointestinal tract.



Maternal–fetal barrier and vascular entry

• Normally, amniotic contents and maternal 
blood occupy distinct compartments.

• Tears of placental membranes or disruption of 
uterine veins create a route for entry.

• This is a conceptual route, not proof that every 
tear produces AFE.

MATERNAL–FETAL INTERFACE

Amniotic 
compartment

Maternal 
venous 

circulation

Barrier

Breach / tear

Native editable schematic; Not to anatomical scale.



Routes

• A tear in placental membranes can permit communication with the maternal circulation.

• Rupture of uterine veins is another potential route.

• Fetal tissue and amniotic fluid may enter maternal blood through the disrupted 
interface.



Exposure is not synonymous with syndrome

• Maternal contact with fetal debris is an 
exposure event.

• Clinical collapse depends on a destructive 
maternal response rather than debris presence 
alone.

• Clinical and autopsy findings must be 
interpreted in the context of the presentation.

Entry of fetal material ≠ sufficient 
diagnosis

Fetal debris in blood

Host pulmonary / inflammatory / 
coagulation response



Older mechanical model vs response model

Physiologic injury greatly exceeds simple particulate obstruction.

• Traditional explanations emphasized amniotic debris physically occluding pulmonary 
vessels.

• Innate immune and coagulation activation plus vasoactive mediator release.

• Pulmonary histology and systemic physiology should therefore be interpreted together.



Integrated pathophysiology

Fetal / amniotic components 
enter maternal blood

Coagulation, innate immune 
and vasoactive responses

Pulmonary hypertension, 
hypoxia, shock and DIC



Three interacting response systems

• Coagulation cascades rapidly activate and may 
consume clotting components.

• Innate immune pathways amplify systemic 
injury.

• Vasoactive substances trigger pulmonary 
vascular constriction.

Coagulation activation

Innate immune activation

Vasoactive substances



Amniotic fluid has procoagulant activity

• Robbins explicitly names activated coagulation factors II, VII, and X in amniotic fluid.

• Tissue factor is also present and capable of supporting coagulation activation.

• This provides a biologic link between amniotic constituents and maternal DIC.



Tissue factor initiates a prothrombotic response

• Tissue factor is a key trigger for coagulation 
activation.

• In AFE, the rapid response can become 
systemic rather than confined to one local 
lesion.

• Downstream consequences include 
microvascular thrombi and consumption of 
clotting capacity.

Tissue factor + activated factors

Systemic coagulation activation

Consumption + microthrombi



Why DIC can develop abruptly

• Procoagulant material enters blood instead of remaining compartmentalized.

• Systemic activation produces pathologic intravascular coagulation.

• Consumption of clotting factors and platelets contributes to bleeding alongside 
microthrombi.



DIC: Thrombosis and hemorrhage coexist

• Activation forms intravascular microthrombi, 
contributing to organ dysfunction.

• Concurrent consumption compromises 
physiologic hemostasis.

• The result can be profound postpartum 
bleeding despite active intravascular clot 
formation.

Coagulation triggered

Consumption of clotting capacity

Profuse postpartum bleeding



DIC is not merely a consequence of blood loss

Temporal order matters when interpreting the coagulopathy.

• AFE-related coagulopathy may emerge before sufficient hemorrhage to account for it.

• This timing is central to distinguishing early DIC from dilutional or shock-related 
coagulopathy.

• Clinical research criteria explicitly require DIC documentation before major blood-loss 
confounding.



Coagulation findings: The conceptual distinction

ACTIVATION

Coagulation triggered 
within the vascular 

compartment.

CONSUMPTION

Platelets and coagulation 
capacity become 

depleted.

CLINICAL EXPRESSION

Microvascular thrombosis 
may coexist with diffuse 

bleeding.



Innate immune activation

• Activation of innate immune components as a major contributor to injury.

• The host response may resemble a rapid, systemic inflammatory event.

• It should not be presented as simple physical plugging of pulmonary arterioles.



Vasoactive substances drive pulmonary pressure

• Vasoactive mediator release constricts the pulmonary vascular bed.

• Acute pulmonary hypertension increases right ventricular afterload.

• The abrupt hemodynamic burden can precipitate right-heart failure.



Pulmonary hypertension leads to RV failure

• Acute pulmonary vascular constriction sharply 
raises resistance to right ventricular ejection.

• Failure of the right ventricle reduces effective 
forward flow.

• Declining cardiac output contributes to 
systemic shock.

Vasoactive mediator release

Acute pulmonary hypertension

RV failure → impaired LV filling



Ventricular interdependence in collapse

• Right ventricular failure impairs blood delivery 
to the left heart.

• Reduced left-sided filling can aggravate 
hypotension.

• A sequence that can culminate in left-heart 
failure and pulmonary edema.

RIGHT VENTRICLE LEFT VENTRICLE

Pressure overload



Why severe hypoxemia develops

• Acute pulmonary circulatory dysfunction 
interrupts effective oxygen transfer.

• Pulmonary edema and diffuse alveolar damage 
worsen gas-exchange failure.

• Hypoxia contributes directly to neurologic 
impairment.

Pulmonary vasoconstriction

Circulatory and gas-exchange impairment

Hypoxemia → brain vulnerability



Pulmonary edema: A consequence of injury

• The cardiovascular effects of AFE with pulmonary edema.

• Edema increases diffusion distance and disrupts alveolar gas exchange.

• Pulmonary edema should be distinguished from the embolic debris itself.



Diffuse alveolar damage

• Diffuse alveolar damage in the cascade of acute lung injury.

• It reflects injury to the alveolar-capillary unit rather than a unique AFE-specific histology.

• The clinical consequence is severe respiratory insufficiency.



Cardiorespiratory injury is mutually reinforcing

PULMONARY VASCULATURE

Acute pressure elevation 
increases right ventricular 

workload.

HEART

Decreased forward flow 
and ventricular failure 

worsen perfusion.

LUNG PARENCHYMA

Edema and alveolar injury 
amplify hypoxemia.



Neurologic manifestations follow systemic insult

• Neurologic findings range from headache and seizures to coma in the Robbins 
description.

• Hypoxemia and inadequate cerebral perfusion help explain the range of deficits.

• Persistent neurologic disability among survivors is a major outcome in historical reports.



From cardiopulmonary collapse to brain injury

• Respiratory compromise reduces oxygen 
delivery.

• Hypotension further compromises organ 
perfusion.

• Seizures, coma, or lasting dysfunction may 
follow anoxic-ischemic injury.

Pulmonary vasoconstriction

Circulatory and gas-exchange impairment

Hypoxemia → brain vulnerability



Rapidly evolving clinical phases

Sudden dyspnea / cyanosis
Hemodynamic failure ±

arrest
Neurologic deterioration 

and DIC

The sequence is illustrative; Signs overlap and can be detected in a different order.



Classic clinical syndrome

RESPIRATORY

Sudden dyspnea, 
cyanosis, or hypoxemia.

CIRCULATORY

Abrupt shock or 
cardiorespiratory arrest.

HEMOSTATIC

DIC and potentially 
catastrophic hemorrhage.



Bedside recognition begins with the syndrome

• Suspect AFE in unexpected severe 
cardiorespiratory collapse during labor or soon 
after delivery.

• Early coagulopathy increases clinical suspicion.

• Treat immediately while evaluating alternative 
diagnoses.

CARDIOVASCULAR

Shock / arrest

RESPIRATORY

Dyspnea / hypoxemia

COAGULATION

DIC / hemorrhage



The order of manifestations may vary

• Respiratory and circulatory symptoms can appear almost simultaneously.

• Coagulopathy can follow collapse or become the clinically dominant feature.

• Do not delay recognition while waiting for an idealized sequence.



AFE remains a clinical diagnosis

• No available single laboratory test reliably 
confirms or excludes AFE.

• Clinical temporal context and a coherent 
pattern of abnormalities are central.

• Competing causes of maternal deterioration 
require active assessment.

Sudden collapse in labor / puerperium

Assess competing causes simultaneously

Clinical diagnosis; No rule-in blood test



Research criteria have a different purpose

Research classification ≠ emergency diagnostic certainty.

• The 2016 Clark criteria standardize cases for research reporting.

• They prioritize specificity and reproducible comparison across studies.

• They must not be treated as an exhaustive bedside exclusion rule for every suspected AFE.



Research case definition: Four elements

Element Proposed research requirement

1. Cardiopulmonary Arrest, or hypotension plus respiratory compromise

2. Coagulation Overt DIC after initial symptoms, prior to major hemorrhage

3. Timing During labor or within 30 min of placental delivery

4. Temperature No fever ≥38°C during labor

Clark et al., 2016: Research-reporting criteria, not a validated emergency bedside rule.



Research thresholds need contextual reading

• Clark et al. Specify systolic pressure <90 mm Hg for hypotension.

• Respiratory compromise includes dyspnea, cyanosis, or SpO₂ <90%.

• Overt DIC assessment uses a pregnancy-modified standardized coagulation score.

Thresholds shown here are specific to the 2016 research case definition.



Why the 30-minute research window exists

• A relatively narrow onset window improves research case comparability.

• The proposed definition uses onset during labor or within 30 minutes of placental 
delivery.

• Clinical suspicion and emergency management should not be denied solely because one 
research criterion is unmet.



Tests assess instability; None proves AFE

GAS EXCHANGE

Oxygen saturation and 
arterial blood gas can 

characterize respiratory 
failure.

HEMOSTASIS

Platelets, fibrinogen, PT 
and aPTT characterize 

coagulopathy.

CARDIAC FUNCTION

Bedside 
echocardiography can 

assess right-heart 
compromise.

Work-up should occur in parallel with resuscitation, not delay it.



Interpretation of the coagulopathy

• An abrupt bleeding diathesis after cardiorespiratory collapse supports the integrated 
AFE mechanism.

• Laboratory results document DIC severity and guide blood product replacement.

• Coagulopathy from hemorrhage, dilution, and shock remains an important confounder.



Pulmonary morphology: Key Principles

• Pulmonary microvessels may contain squamous cells shed from fetal skin.

• Lanugo, vernix-derived fat, and fetal-tract mucin are additional potential components.

• Edema, vascular congestion, and small organizing thrombi may accompany the embolic 
material.



Recognizing fetal squamous material

• Robbins Figure 4.17 describes laminated swirls 
of fetal squamous cells in small pulmonary 
arterioles.

• Intravascular localization and association with 
other fetal components support interpretation.

• The drawing illustrates architecture only; No 
clinical specimen is reproduced.

Lumen with layered fetal squames

SCHEMATIC — not a specimen

Original native schematic; Not an H&E photomicrograph.



Microvascular debris and clotting

• Embolized fetal material is encountered in 
pulmonary microvessels.

• Edema, congestion, and additional small 
organizing thrombi consistent with DIC.

• Biologic microvascular injury extends beyond 
the visible particulate material.

Pulmonary microvessel

Fetal debris / microthrombi

SCHEMATIC

Schematic only; Not a photographed histology field.



Classic debris: Identify the origin

SQUAMOUS CELLS

Derived from shed fetal 
epidermis.

LANUGO / VERNIX

Hair and lipid 
components associated 

with fetal skin.

MUCIN

Derived from fetal 
respiratory or 

gastrointestinal tract.



Lung changes beyond the visible debris

• Pulmonary edema and congestion are described in the Robbins figure caption.

• Additional microvascular thrombi are compatible with systemic coagulation activation.

• Histology must be interpreted within the temporal and clinical circumstances.



Squamous cells are not pathognomonic

Avoid diagnosing AFE from isolated squames in a catheter specimen.

• Squamous cells can be detected in pulmonary vascular blood without clinical AFE.

• A classic histologic association is not equivalent to a highly specific clinical blood test.

• Sampling, contamination, abundance, and accompanying fetal material affect 
interpretation.



Autopsy morphology: Diagnostic limitations

• Pulmonary fetal material can substantiate a suspected mechanism in an appropriate 
clinical setting.

• Absence of recognizable debris in a limited section cannot by itself exclude the 
syndrome.

• Pulmonary edema and DIC are important but nonspecific associated findings.



Histologic evidence: Strength and limitations

Observation Interpretation Limitation

Fetal squames Supports exposure to fetal material Not independently pathognomonic

Lanugo / vernix / mucin Supports fetal-origin material May be scant or absent in sample

Microthrombi Supports coagulation activation Not AFE-specific

Edema / congestion Compatible with pulmonary injury Common in other causes of shock



Pulmonary thromboembolism: Key contrast

• Thrombotic pulmonary embolism commonly derives from deep venous thrombosis.

• AFE centers on maternal inflammatory and coagulation responses after fetal-component 
exposure.

• An early severe coagulopathy is particularly characteristic of the AFE syndrome.



AFE versus thrombotic pulmonary embolism

Feature Amniotic fluid embolism Pulmonary thromboembolism

Typical setting Labor / early postpartum Pregnancy or other VTE setting

Principal mechanism Vasoactive / immune / coagulation response Thrombus obstructs pulmonary arterial flow

DIC Classic associated component Not a defining feature

Pathology Fetal debris ± microthrombi Thromboembolic clot



AFE versus major obstetric hemorrhage

Feature AFE Primary hemorrhagic shock

Initial event
Cardiorespiratory collapse may precede 
bleeding

Major blood loss often precedes shock

Coagulopathy Can arise early from coagulation activation Can follow massive bleeding / dilution

Respiratory failure Prominent early feature May emerge secondary to shock



AFE versus obstetric sepsis

Feature AFE Sepsis / septic shock

Onset Often abrupt and peripartum Can be evolving or rapid

Fever Absence specified by 2016 research criteria Often suggests infectious source

DIC Can occur very early May complicate severe infection

Clinical priority Resuscitate and exclude alternatives Resuscitate and treat infection

No feature alone is sufficient to establish or exclude either diagnosis.



Additional mimics of peripartum collapse

• Anaphylaxis can cause abrupt hypotension and respiratory compromise.

• Anesthetic complications may present as sudden cardiovascular or respiratory 
deterioration.

• Myocardial, aortic, or other obstetric catastrophes warrant parallel evaluation.



A parallel diagnostic approach

• Recognize the time-critical syndrome and 
begin resuscitation.

• Evaluate hemorrhage, thromboembolism, 
sepsis, anesthesia-related events, and other 
causes in parallel.

• Use laboratory and bedside cardiac assessment 
to characterize physiology, not to search for a 
single confirmatory assay.

Sudden collapse in labor / puerperium

Assess competing causes simultaneously

Clinical diagnosis; No rule-in blood test



The first priority is resuscitation

Treat life-threatening physiology before diagnostic certainty.

• Emergency management proceeds on clinical suspicion, not histologic confirmation.

• Immediate high-quality basic and advanced cardiopulmonary resuscitation is 
recommended if arrest occurs.

• Multidisciplinary obstetric, anesthesia, respiratory, and critical-care coordination is 
essential.



Immediate team response: Conceptual algorithm

• Activate an obstetric emergency response and 
coordinated resuscitation.

• Address oxygenation, ventilation, and 
cardiovascular instability.

• Assess coagulation status early and treat 
significant hemorrhage.

Suspect AFE

Resuscitate + assemble team

Treat cardiopulmonary failure + DIC



Support circulation without indiscriminate fluids

• Adequate oxygenation and ventilation are foundational supportive measures.

• Use vasopressor or inotropic support when indicated by hemodynamic status.

• SMFM advises avoiding excessive fluid administration in this physiology.



Bleeding requires early DIC-directed support

• Assess coagulation status promptly in the collapsing obstetric patient.

• When clinical bleeding develops, initiate aggressive correction within established 
massive transfusion protocols.

• Parallel management of respiratory and circulatory failure remains essential.



Delivery and resuscitative obstetric intervention

• Delivery decisions are coordinated within the maternal arrest response.

• The 2016 SMFM guideline recommends immediate delivery after AFE-related maternal 
cardiac arrest when a fetus is at least 23 weeks gestation.

• Current resuscitation terminology and local obstetric emergency protocols should guide 
the team.

This is a guideline statement, not a standalone procedural protocol.



2026 SMFM update: What changed

• SMFM issued a revised initial-management checklist in 2026, replacing the 2021 version.

• The update aligns terminology with contemporary advanced cardiac life-support 
practice.

• The published checklist underwent a correction to infusion dose units; This lecture does 
not reproduce drug dosing.



Case resolution: Integrate the findings

• Abrupt hypoxemia and shock during labor indicate severe cardiopulmonary disturbance.

• Rapid coagulopathy points toward the procoagulant response emphasized by Robbins.

• The complete temporal pattern strongly suggests AFE while alternative causes remain 
under assessment.



Mechanism check: Match sign to process

PULMONARY HYPERTENSION

Vasoactive mediator 
release causes acute 
pulmonary vascular 

resistance.

MASSIVE BLEEDING

DIC impairs hemostasis 
through systemic 

coagulation activation 
and consumption.

SEIZURES / COMA

Hypoxemia and 
circulatory failure can 

impair cerebral oxygen 
delivery.



Three interpretive errors to avoid

Mechanism, evidence, and action must be distinguished.

• Equating fetal debris with a mechanically occlusive pulmonary thromboembolus.

• Treating squamous cells alone as a definitive clinical diagnostic test.

• Using restrictive research criteria to delay emergency management.



Core pathology synthesis

• Fetal components enter maternal circulation through a disrupted maternal–fetal 
interface.

• The major clinical injury reflects coagulation, innate immune, and vasoactive responses.

• Acute pulmonary hypertension, right-heart failure, hypoxia, neurologic injury, and DIC 
form the syndrome.

• Pulmonary fetal debris is a classic morphologic clue but is not a stand-alone clinical test.



Major references and their roles

Source Role in this lecture

Robbins, Cotran & Kumar, 11th ed. (2026) Primary pathology and morphology source; Chapter 4, pp. 116–117

Clark et al., AJOG (2016) Research case definition; Thresholds and timing

SMFM Clinical Guideline #9 (2016; Reaffirmed 
2024)

Clinical diagnosis and initial treatment principles

SMFM Special Statement (2026) Updated initial response checklist framework



Specialist supplementary reading

• Clark et al. (1986): pulmonary squamous cells are not pathognomonic for clinical AFE.

• Yamashita et al. (2023): pulmonary microthrombus composition investigated in autopsy 
cases.

• Brazhnikov et al. (2023): small case series exploring systemic inflammatory responses in 
critical AFE.

• Interpret mechanistic research within its observational scope; do not generalize case-
series findings as universal criteria.
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