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Amniotic Fluid Embolism

Defined

Amniotic fluid embolism

Anaphylactic syndrome of pregnancy ( ¥ )
~
Fetus (just prior to, Amniotic fluid
entering bloodstream

Life threatening obstetric or during, birth)
emergency characterized by :
sudden cardiorespiratory
collapse and disseminated
intravascular coagulation

Placenta
Cleveland

Clinic
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Amniotic Fluid Embolism

Defined

* First described 1941, after finding fetal debris in pulmonary
circulation of women who died during labor

* Occurs in 2-8 per 100,000 deliveries
* Responsible for 10% of maternal mortality in the United States

* Likely more similar mechanism to anaphylaxis than to embolism
* Term “Anaphylactoid Syndrome of Pregnancy” has been suggested

* Fetal tissue or amniotic fluid components not universally found in women
who present with AFE symptoms

* Women with AFEs have higher incidence of other allergic reactions

T3
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Disruption of the maternal/fetal
interface with potential passage
of amniotic fluid to maternal
circulation

Pathophysiology

Increased levels of Acute respiratory

}

i y Amniotic fluid activates Factor VIl and
. pulmonary w3 failure with severe N
Ph ase 1 . vasoconstrictors hypoxemia di Plat':eljt»s r"th conlsequent lati
(egendothelin) and isseminated intravascular coagulation
Pulmonary vasospasm, pulmonary mechanical (DIC). Inflammatory response further

hypertension, elevated RV pressure
-> hypoxia

Phase 2:
Massive hemorrhage, atony, DIC
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obstruction from
cellular and acellular
components of
amniotic fluid

l

Acute right
ventricular failure

l

Hemodynamic collapse from right
ventricular infarction and/or inter-
ventricular septum displacement to

the left and decreased left sides
cardiac output

Late onset left ventricular
failure with cardiogenic
pulmonary edema and
systemic hypotension

activates clotting cascade

|

Hemorrhage contributes to
hemodynamic instability.
Diffuse intravascular clotting
from DIC contributes to
ischemic distal organ
dysfunction and multi organ
failure
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Recognition is key: the AFE

Hypoxia

Hypotension Coagulopathy
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AFE Diagnostic Criteria

Diagnostic criteria

1) Sudden onset cardiorespiratory arrest OR hypotension with evidence
respiratory compromise

2) Documentation of overt DIC
3) Clinical onset during labor or within 30 mins of delivery

4) Absence of fever during labor

* Some atypical cases may not meet all of the criteria
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Differential Diagnosis

Anesthesia: Eclampsia

High spinal,

lidocaine toxicity

Air embolism Uterine
rupture

Anaphylaxis
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Peripartum Pulmonary  Septic shock Hemorrhagic

cardiomyopathy embolism shock (OB or
other)

Myocardial

infarction

Cardiogenic

shock

*AFE is a diagnosis of exclusion*

(et
o Respiratory HematOIogic ’

Acute fatty
Liver (DIC)
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Risk Factors (controversi

* Grand multiparity
* Multiples

* Polyhydramnios

* PPROM

* Male fetus

AllinaHealth

* Advanced maternal age

* Hypertensive disorders

* Placental issues (previa, abruption)

* Medical induction, cesarean section, operative vaginal delivery
* Abdominal Trauma, uterine rupture, cervical trauma
* Fetal distress, fetal death
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Risk factors

T3

"...as it stands today, no demographic or clinical risk factor has
been identified that justifies any prospective alteration of
standard obstetric practice to reduce the risk of amniotic fluid
embolism"

- Steven Clark, MD
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Management Overview

Airway, Circulation, Breathing Wide differential - Designate timekeeper - Recognize and manage hypoxia
(Code Blue - ACLS/BLS) early to mitigate neurologic injury - Alert ECMO team as early as possible
Immediate delivery If viable fetus or for maternal resuscitation

Consider A-OK (Atropine,
Ondansetron, Ketorolac)

. These patients WILL bleed! Activate massive transfusion protocol ideally even
Anticipate Hemorrhage
before hemorrhage occurs
Transfer to ICU Supportive care — to be discussed further by Dr. Weise

AllinaHealth
12

Thought to inhibit pathways involved in pathogenesis of AFE
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Case 1

29 yo G5P4004 at 22w6d s/p IOL for fetal demise (hydrops on US)
* SROM

* Breech vaginal delivery initiated

* Head entrapment

* Maternal seizure, treated with lorazepam & magnesium

* Absent maternal pulse

* CPRinitiated

* ER physician directed code while OB physician continued delivery
* A-OKgiven

* Breech vaginal delivery completed

* Retained placenta with manual extraction

AllinaHealth ¥
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Case 1

* Postpartum hemorrhage (2.5 L EBL)

* Received all uterotonics

* Jadainserted, then uterine tamponade balloon
* Transfused with 3U PRBCS, 2FFP

* Transferred to Abbott

* Massive transfusion protocol, respiratory support and pressors
continued in ICU

* Epidural catheter removed

AllinaHealth
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Case 1

ICU course complicated by:

* Shock liver due to ischemic hepatitis

* Acute Kidney Injury due to acute tubular necrosis-> CRRT required
* Pulmonary embolism — anticoagulation held due to coagulopathy
* Severe hypoxic encephalopathy on MRI

Family ultimately elected for comfort care

AllinaHealth ¥
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Risk Factors

* Advanced maternal age

* Grand multiparity

* Multiples

* Polyhydramnios

* Hypertensive disorders

* Placental issues (previa, abruption)

* PPROM

* Medical induction, cesarean section, operative vaginal delivery
¢ Abdominal Trauma, uterine rupture, cervical trauma
¢ Fetal distress, fetal death

* Male fetus

AllinaHealth
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Initial OB Manag

Manage circulatory collapse
[0 ABCs: manage airway, breathing, and circulation
[0 Designate a timekeeper to call out times at 1-min intervals
O If no pulse, start CPR
O Manually displace uterus or lateral tilt
O Use backboard
[0 Consider move to operating room only if this can be accomplished in 2 min or less
(0 If no pulse at 4 min, START perimortem cesarean delivery (resuscitative hysterotomy)
O Splash prep only, do not wait for antibiotics
O Goal is to improve chances of resuscitation

Allina protocol additions:
*Consider LUCAS machine prolonged chest compressions
*Alert ECMO team early

AllinaHealth ¥
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Continued OB Management

Allina protocol addition:

*Give A-OK early after recognition of diagnosis: Atropine 1mg IV and Ondansetron 8mg IV
and Ketorolac 30mg IV

Anticipate uterine atony, DIC, hemorrhage
[0 Oxytocin prophylaxis plus other uterotonics as needed
[0 Consider intraosseous line if needed for large-bore IV access
[0 Initiate massive transfusion protocol
O Cryoprecipitate preferred over FFP to reduce volume overload
[0 Consider thromboelastometry if available
(0 Tranexamic acid (1 g IV over 10 min) if DIC or hemorrhage occurs

AllinaHealth
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Excessive

Right ventricular diltation
/ Wereeicg icizld e e ST W

iicuspid | perfusion pressure
regurgitation | and worsening
myocardial ischemia

== interventricular pulmonary venous
ght septum pressures and
dilatation

N
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Reduced Reduced
Inotropy G
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« Myocardial infarction

« Myocardits +Sarco
« Post-LVAD or cardiac surgery <@ Increased ventricular interdependence <« Infi pathies
« ARVC and other nonischermic o js
cardiomyopathies
« Systemic sclerosis
« Possibly obesity \} AdverseQventricular
remodeling: hy phy and fibrosis
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e Decrease corona

¢ Increased pulmo

Preload Afterload
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igestion from — stenosis, congenital heart disease)
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Critical Care Managemen

Disseminated Intravascular Coagulation
- Fibrinolysis may be first sign of AFE

- Use thromboelastography if available

- Fibrinogen, INR, PT, PTT, PLT, Hgb, D-Dimer

Society of & (ISTH) DIC score
Test Opoints  1point 2 points 3 points
INR <13 1.31.7 >1.7
-or-
PT  <3sec 36sec  >Bsec
prolongation
Fibrinogen ~ >100 <100
(mg/dL)
D-dimer Normal Moderately Severely
increased  increased

(~1-10x upper  (>10x upper
limit normal)  limit normal)
Platelets >100  50-100 <50
(L)

Interpretation of total score:
« 25 points: Positive for DIC
* <5 points: Negative, but patients could still have "non-overt DIC" which
could evolve into frank DIC. If there is ongoing concern for DIC,
coagulation labs may be repeated in 12-24 hours.
tal.

MID 1559914
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Inflammation
Activated monocytes —
Cancer cells

Vascular lesion

Thrombin

|

generation

Platelet activation
Consumption of natural
coagulation inhibitors

i

—

TAFI activation
Inhibition of fibrinolysis
Fibrin formation

3

[

Consumption of
Platelets
Clotting factors
Fibrinogen

Activation of

fibrinolysis

_

Hypercoagulable state - Risk of thrombosis

Deposition of fibrin on

the vasculature ) Multiorgan dysfunction

Hemorrhage
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37yo G6P2032 presented to OSH at 38w0d for induction
o Gestational DM on insulin
o 2 doses misoprostol, by AM was 3cm dilated, had clear fluid on AROM
¢ Became SOB while on birthing ball, stated “I don’t feel well, something is wrong” to partner

* Recurrent seizure
o 4mg lorazepam, IV magnesium bolus
o Intubated for emergent C section in OR
o Acute hypotension, then PEA arrest with 3 minutes of CPR
o Bedside US w/ severely dilated RV
¢ MFM called and recommended A-OK protocol, TXA
o Pttreated with A-OK, started on epinephrine gtt, and given 100mg bolus intralipid
o EBL 800mL, got carboprost, TXA, rectal misoprostol, routine oxytocin
e Labs:
o Hgb11l
o PLT33
o Otherwise hemolyzed
e Transferred to ANW

AllinaHealth ¥

. . . X 7. B H H ” ‘\/h
¢ Generalized tonic-clonic seizure x1 at ~ 0845, post ictal but responding to commands, BP normal prior to seizure j
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Arrival to ANW on vasopressin, norepinephrine, epinephrine
¢ Initial blood draw looked very diluted by crystalloid
¢ POCUS with dilated RV, underfilled LV
¢ Added dobutamine, inhaled epoprostenol
¢ Resuscitation: 10 RBC, 4 FFP, 6 PLT, 4 cryo
* BPimproved during active transfusion
¢ Unable to obtain labs with intralipid interference

bleeding from incision site, vagina, and IV sites, urine in Foley red tinged, as well at PLT 33 at OSH
* Seized x2, transitioned to midazolam for sedation
*  Worsening abdominal distension prompted discussion of possible exlap
* POCUS with peritoneal fluid, continued increase in pressors
* VA ECMO team initiated

* Sudden drop in vasopressor needs that held even when transfusions paused

* Repeat POCUS with RV:LV ratio ~ 1:1, improved RV function
* AHF, MFM, Intensivist discussion bedside transitioned plan to CT bleed protocol, then cath lab for PAC

AllinaHealth

@)

* Transfusion thresholds decided based on clinical picture: initial blood draw consistency, likelihood of DIC with active

e 4 pressor shock, RV dysfunction, POCUS with obstructive shock, if going for exlap would need more cardiac support

22
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Case 2

Labs
e 1243: Troponin 515, D-dimer >128
e 1319: fibrinogen 161

CT 1422 i\/"
Bleed in L rectus sheath, enlarged main pulmonary artery,
moderate pulmonary edema IR Angiogram 1733
1. Large pseudoaneurysm arising from left inferior
Coronary Angiogram 1526 epigastric artery was successfully coil embolized.
The right atrial mean pressure is 15. The pulmonary wedge 2. Several small foci of hemorrhage arising from multiple
mean pressure is 19. RV pressure is _27/14, 17-_PA pressure peripheral branches of the right inferior epigastric
is 28/18 with a mean of 22. Cardiac index by Fick was 4.36, artery. Successful Gelfoamembolization of right inferior
by thermal dilution was 2.23. The mixed venous saturation epigastric artery.
was 74%. 3. Completion pelvic angiogram demonstrates no
SUMMARY OF FINDINGS: additional sites of bleeding.
1. Amniotic fluid embolization.
2. Severe RV dysfunction.
3. Cardiogenic shock.
4. Pressor dependent. Hemodynamics currently acceptable
and not requiring ECMO insertion.
AllinaHealth ¥
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Initial treatment
* Mechanical ventilation ( FI' )
pd

* Inhaled epoprostenol

* EEG with epilepsy consult

* Levetiracetam load and BID dosing

* Magnesium gtt

* Sedation with midazolam, fentanyl

* PAC numbers, 02M guiding
epinephrine dosing

* Vasopressin, norepinephrine for BP
support

* Hgb, PLT, INR, fibrinogen g6h,
transfusion based on labs

* Abx (pip-tazo) for 48h pending cultures

AllinaHealth

Ongoing treatment

Extubated next day after weaning 02,
epoprostenol, sedation

Repeat echo showing normal RV and LV
at 1444 next day, on day 3 had enlarged
RV and LA but normal function and mild
TR

MRI WNL, no venous sinus thrombus
PM&R, therapies

F/u with epilepsy, advanced heart failure

24
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A-OK Protocol

* Serotonin increased in maternal circulation in AFE interacts
with thromboxane (also increased) to cause platelet
dysfunction

* Serotonin activation of pulmonary vasculature receptors - 00D Loss T is s sz
vasoconstriction and PLT entrapment shinzrigead

*  More thromboxane - PLT party

* Serotonin centrally mediated reduction in peripheral
vascular tone = CV collapse

Atropine

* Counteracts parasympathetic effects contributing to
bradycardia

Ondansetron

* Modulate serotonin effect

Ketorolac

* Decrease thromboxane production

‘theAukwardYeticom
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Intralipid

* 1998 paper showing IV lipid emulsion could treat/modulate bupivacaine induced asystole in rats
* Extrapolated to other toxicities with lipophilic agents
* “Lipid sink” theory to “lipid shuttle” @—
* Suspected physiology
* Reduced local anesthetic level below sodium channel blocking thresholds increase contractility and
improves vascular tone
* Prostaglandin 12 precursors possible way of decreasing pHTN
* More notable hemodynamic effects than saline, increased aortic flow and BP, not just simple volume
expansion causing the inotroy and lusitropy
* Possible that FFA provide substrate for oxidative phosphorylation
* Possible activation of voltage gated calcium channels
* Complications
* AKI, VQ mismatch, VTE, fat embolism, acute pancreatitis, ARDS, CVVHF filter obstruction
* Made of egg in the US, allergen
* Reports note laboratory interference due to lipidemia despite ultracentrifugation of blood have
persisted beyond 25h

AllinaHealth
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T3

Consider it right away!
* Hemodynamic collapse, call ECMO resource/Intensivist ASAP, in
conjunction with beginning resuscitation
* Takes time to set up
* Most peripartum women are candidates
* ECPR also an option
* VA ECMO, maybe VAV, but unlikely VV alone, can always adjust

AllinaHealth ¥
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Prognosis

* Historic mortality around 60%, more recently 10-30% in developed
countries

* About 50% of mortality occurs within the first hr, and about 66% in the
first 5 hours

* Around 60-70% of survivors have have notable neuro, pulmonary, or
cardiac sequelae

* While many survivors develop PTSD, around 60% are able to return to
their daily life

* Infant mortality is around 30% with increased risk of hypoxic-ischemic
encephalopathy, CP, and cognitive disabilities

T3
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Summary

O Manage circulatory collapse
O ABCs: manage airway, breathing, and circulation
O Designate a timekeeper to call out times at 1-min interval m
O If no pulse, start CPR (and call for ECMO activation) -ﬁ\‘“/—
QO Manually displace uterus or lateral tilt
O Consider move to operating room only if this can be accomplished in 2 min or less
O If no pulse at 4 min, START perimortem cesarean delivery (resuscitative hysterotomy)
O Anticipate uterine atony, DIC, hemorrhage
O Oxytocin prophylaxis plus other uterotonics as needed
O Consider intraosseous line if needed for large-bore IV access
O Initiate massive transfusion protocol
O Cryoprecipitate preferred over FFP to reduce volume overload
O Consider thromboelastometry if available
O Tranexamic acid (1 g IV over 10 min)
O Manage pulmonary hypertension and right ventricular failure (Anesthesiology, Critical Care, or Cardiology)

Q TTE or TEE

Q Vasopressor

Q Inotropes

Q Pulmonary vasodilator

O Wean FiO2 to maintain 02 saturation 94% to 98%
O Postevent debrief (entire team)

Q Identify opportunities for impr

O Discuss family and staff support needs

O Report case to Amniotic Fluid Embolism Registry

any need for revisions to checklist

AllinaHealth ¥
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