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We conducted an evidence-based review of information about amaiotic fluid embolism
(AFE). The estimated incidence of AFE is 1:15,200 and 1:53,800 deliveries in North
America and Europe, respectively. The case fatality rate and perinatal mortality associated
with AFE are 13-30% and 9-44%, respectively. Risk factors associated with an increased
: risk of AFE include advanced matemal age, placental abnormalities, operative deliveries,
onibihig . . eclampsia, polyhydramnios, cenvical lacerations, and utering rupture. The hemodynamic
] ! , response in AFE s biphasic, with initial pulmonary hypertension and right ventricular
| g failure, followed by left ventricular failure. Promising therapies include selective pulmonary
a4 ‘ i vasodiiators and recombinant activated factor VIka. Important topics for future research are

diae postp . Key words: amiotcfluid embolsm, cargorascularcolapse, DC, disseminated
ed 10 intravascular coaguiation, matemal death, matemal morbidity, matemal mortality,
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Abstract

Purpose  Amniotic fluid embolism (AFE) is an unpre-
dictable and unpreventable complication of maternity. The
presentatlon may range from relatwely subtle: clinical

neglecte:d dlagnosm of non-classical form of AFE (atyplcal
AFE) is very common. The aim of this study was to

obstetric hemorrhage and/or pulmonary and renal dys-
function postpartum. Hyperfibrinolysis and coagulopathy
may the early laboratory findings of atypical AFE. Atypical
and classical AFE shared the same risks, such as advanced
maternal age, placental abnormalities, operative deliveries,
eclampsia, cervical lacerations, and induction of labor.

Conclusion Staying alert to premonitory symptoms of




Nevime u koho, kdy a hlavné proc...
neumime predvidat tuto katastrofu...
neni prevence, neumime se branit...
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ic Fluid Embolism Register (USA)
ited Kingdom Amniotic Fluid Embolism Register (UK)

Fluid Embolism Register (Australie)

d Embolism Register (Japonsko)




TABLE 1
Intemational criteria for diagnosis of amniotic fluid embolism

United Kingdom:

Clinical diagnosis of AFE (acute hypotension or cardiac arrest, acute hypoxia, or coagulopathy in absence of any other potential explanation for signs

and symptoms observed) OR pathologic diagnosis of fetal squames or hair in lungs.*

Australia:

Clinical diagnosis of AFE (acute hypotension or cardiac arrest, acute hypoxia, or coagulopathy in absence of any other potential explanation for signs

and symptoms observed) OR pathologic/postmortem diagnosis (presence of fefal squames/debris in pulmonary circulation).”®

Japan:

1. Symptoms appeared during pregnancy or within 12 h of delivery;

2. Intensive medical intervention was conducted to treat =1 of following symptoms/diseases: (a) cardiac arrest, (b) severe bleeding of unknown
origin within 2 h of delivery (>>1500 mL), (c) DIC, or (d) respiratory failure; and

3. Iffindings or symptoms obtained could not be explained by other diseases. Consumptive coagulopathy/DIC due to evident etiologies such as
abnormal placentation, trauma during labor, and severe preeclampsia/eclampsia should be excluded.

Uterine AFE was considered to have occurred when fetal debris and amniotic fluid components were found in uterus in pathological examination of

cases of severe uterine hemorrhage after placental removal (eg, atonic bleeding) in absence of other obstetric hemorrhagic complications such as

abnormal placentation, trauma during labor and delivery, and severe preeclampsia/eclampsia. '°

AFE, amniotic fluid embolism; OIC, disseminated intravascular coagulation.

Clark. Case definition of ammiotic fluid embolism to improve quality of clinical and trandlational research. Am | Obster Gynecol 2016,




Incidence

UK 1,9/100 000 > 24. tyden
Holandsko 2,5/100 000 > 24. tyden
USA 5,5/100 000

Kanada 6,0/100 000 > 20. tyden
Australie 6,1/100 000 > 20. tyden

Chybi pripady, které neskocCily smrti...

Knight M, Berg C, Brocklehurst P, Kramer M, Lewis G, Oats J, Roberts CL, Spong C,
Sullivan E, van Roosmalen J, Zwart J.

Amniotic fluid embolism incidence, risk factors and outcomes: a review and
recommendations.

BMC Pregnancy Childbirth. 2012 Feb 10;12:7.




Mortalita matek

19% (11-30%)
andsko 11% ( 3-45%)

IA 21% (18-22%)

| ada 13% ( 9-19%)
stralie 14% ( 9-19%)

ght M, Berg C, Brocklehurst P, Kramer M, Lewis G, Oats J, Roberts CL, Sp
Sullivan E, van Roosmalen J, Z
Amniotic fluid embolism incidence, risk factors and outcomes: a re
recomm
BMC Pregnancy Childbirth. 2012
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PlGsobky do velké obéhu

Plodova voda prechazi
do plicni cirkulace

Plodova voda prechazi )
do materského obéhu

Pokles perfuze
Hypoxie plodu
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e
spazmus plicnich cév
porucha plicni ventilace/perfuze
selhavani pravého srdce
hypoxie a hypotenze matky
po cca 30 min.
2. faze
selhavani levého srdce
plicni edém

ni zastava matky — preziti nepravc




Trvaly neurologicky | Hypoxie mozku
deficit | Krece

Snizena perfuze srdce
Snizeni inotropie
Snizeny srdecni vydej
Plicni kongesce

Plicni edém

- kardiogennni

- non-kardiogenni
Bronchokonstrikce

Bronchospasmus 5 ’ Hypotenze, hypoperuze
Desaturace Sok

DIC
g Krvaceni

Hypoxie plodu

Snizeni perfuze délohy
Hypotonie/atonie
PZOK

Bradykardie
Smrt ditéte




Kritéria pro diagnostiku AFE

A. Mrtvi = pitevnindlez (histochemicko-patologické vysSetrenti)
Prezivsi = klinické projevy

B. Klinicka manifestace:
1. Priznaky
- srdecni zastava (akutni hypoxie a hypotenze)
- zastava dychani (dyspnoe)
- konzumpcni koagulopatie (DIC)

2. Nastup klinické manifestace:

- tehotenstvi
- spontanni porod

- operacni porod cisarsky rez (do 12 hodin od porodu)
3. Absence jiné nemoci/patologie,

ktera by mohla vysvétlit popsané klinické priznaky






Diagnostika....obtizna u prezivsich

Chybi: jednoduchy, neinvazivni, specificky a senzitivni test

zinek kopropofyrin (sérum) ...produkt mekodnia
tryptaza (sérum) ...degranulace mastocytu
insulin-like growth factor binding protein-1

IL 8

Sialyl-Tn

squamozni bunky v centralni venozni krvi

squamozni bunky v a. pulmonalis

zbytky castic amnioveé tekutiny a. pulmonalis

zbytky castic amnioveé tekutiny v bronchialnim sekretu
(bronchoalveolarni lavaz)




Table 5. Investigational biomarkers for amniofic fluid embolism

Activin A (iransforming growth factor)

Proopiomelanocortin

Endothelin
Procollagen fype 1 N-terminal propepide

CK13 [Rab): CK10/13 [Mab|

Characteristic of maternal serum, cord blood serum, and amniotic fluid
Increased with gestational age

Characteristic of placental membrane

10x more concentrated in amniotic fluid than matemal serum

Inversely related to human chorionic gonadotropin

High concentrations at fefo-matemal junction

Increased when amniofic fluid injected info circulation

Meconium stained amniotic fluid elicited greatest degree of endothelial injury
Associated with fetal metabolism and development

=400 times more concentrated in amniofic fluid than matemal circulation
Strongly expressed in squamous cells from matemal amniofic fuid

Brown cyteplasmic granules when immunostained




coproporphyrin-1(Zn-CP1)

hodnota < 1,6 pmol /ml

Iyl - Tn
Zzna hodnota <46 IU /ml

erleukin - 8
14 hodnota < 20 pg /ml




C3, C4 komplement (sérum)
vysoka senzitivita i specificita AFE
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C1 Esterase Inhibitor Activity in Amniotic Fluid

Embolism*

Naoaki Tamura, MD, PhD'; Satoshi Kimura, MD'; Mustari Farhana, MD';
Toshiyuki Uchida, MD, PhD'; Kazunao Suzuki, MD, PhD'; Kazuhiro Sugihara, MD, PhD';
Hiroaki Itoh, MDSc'; Tomoaki Tkeda, MD, PhD? Naohiro Kanayama, MD, PhD'

Objectives: Amniotic fluid embolism exhibits activation of the
complement system and the kallikrein-kinin and coagulofibrinolytic
systems. C1 esterase inhibitor is a major inhibitor of G1 esterase
and can inhibit plasma kallikrein and also factors Xlla and Xla. lts
activity has been shown to be significantly lower in pregnancy and
labor than in the nonpregnant state. The purpose of this study
was to determine C1 esterase inhibitor activity levels in amniotic
fluid embaolism.

Design: Retrospective study.

Setting: A single university-based center.

Patients: One hundred six cases with amniotic fluid embolism in
a total of 194 singleton pregnant women between January 2010
and December 2011.

Interventions: None.

Measurements and Main Resufts: One hundred six cases of
amniotic fluid embolism had applied to the Japan amniotic fluid
embolism registration center in Hamamatsu University School of
Medicine between January 2010 and December 2011. In amni-
otic fluid embolism cases, 85 cases were nonfatal and 21 cases
were fatal. Eighty-eight women who delivered without amniotic
fluid embolism were regarded as a control. G1 esterase inhibitor
activity levels were significantly lower in amniotic fluid embolism
patients (30.0% * 1.8%) than in control women (62.0% % 2.0%)
{p < 0.0001). C1 esterase inhibitor activity levels in fatal amniotic
fluid embolism cases (22.5% x 3.4%) were significantly lower
than those in nonfatal amniotic fluid embolism cases (32.0% £
2.1%) (p <0.05).

“See also p. 1548.

Department of Obstetrics and Gynaecology, Hamamatsu University
School of Medicine, Hamamatsu, Shizuaka, Japan.

*Department of Obstetrics and Gynaecology, Mie University School, Mie,
Japan.

Dr. Kanayama's institution received grant support from Japan Society for

Conclusions: These results demonstrated that low C1 esterase
inhibitor activity levels were closely associated with the pathogen-
esis of amniotic fluid embolism suggesting that C1 esterase inhib-
itor activity levels have potential as a prognosis factor of amniotic
fluid embolism. (Crit Care Med 2014; 42:1392-1396)

Key Words: amniotic fluid embolism; C1 esterase inhibitor;
disseminated intravascular coagulopathy; kallikrein; postpartum
hemaorrhage; serpin

mniotic fluid embolism (AFE) is one of the most
Aserious complications of obstetrics, anesthetics, and

critical care. Despite earlier recognition and intensive
critical care, the mortality of AFE remains high and has been
estimated at between 5% and 15% of all maternal deaths (1).
Maternal mortality rates due to AFE have been estimated at
between 37% and 80% (2, 3). Maternal death has been decreas-
ing year by year in Japan; however, the prevalence of mater-
nal death due to AFE has remained unchanged. The maternal
mortality rate due to AFE has increased to 24.3% in Japan (4).

AFE is recognized as a kind of syndrome characterized
by the abrupt onset of hypoxia, hypotension, and dissemi-
nated intravascular coagulopathy (DIC) (5). Benson et al (6)
reported that maternal complement levels were significantly
decreased in AFE. These findings suggested a disorder in the
coagulofibrinolytic system as well as the complement system
that may play important roles in the pathogenesis of AFE.

We developed the Japan AFE registration system in 2003
and collected clinical data, maternal serum, and uterine tissue
from nearly all cases of fatal AFE in Japan (4, 7). Under the
system, maternal serum has been applied to determine mainly
the levels of specific amniotic fluid complements such as Sialyl
Tn and zinc coproporphyrin 1 (8, 9). These clinical and his-
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Clinical Case Reports

CASE REPORT

Therapeutic application of C1 esterase inhibitor concentrate
for clinical amniotic fluid embolism: a case report

Yusuke Todo', Naoaki Tamura', Hiroaki Itoh', Tomoaki lkeda® & Nachiro Kanayama'

"Depariment of Obstetrics & Gynascology, Hamamatsy Univessity School of Medicine, Hamamatsy, Shizucka, laman
*Departmant of Obstetrs & Gynascology, M University School, Mis, lapan
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of Medicine, 1-20-1 Handayama, Hgashiku,
Hamamatsu 431-3192, Japan. Tel:

+81 53 435 2300, Fax: +81 53 435 2308,
E4mal; ntamurahama-medac. jp

Funding Infomation

Financial support for this study was provided
in the form of 3 grant from the /5P
KAKENHI {Grant Number 24390379).

feceived: 24 lanuary 2015; Reveed: & April
2015; Acceptad: 21 May 2015
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Key Clinical Message

We present the successful appliation of C1 esterase inhibitor (C1INH) concen-
trate to a patient with clinial amniotic fluid embalism (AFE).

Keywords
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| markery (ne)spolehlivé (senzitivita a specificita

y casovy interval pro diagnostiku

na diagnostika — kardiologie???:
inalyza variability srdecni frekvence,
3D-spektrogram a nuklearni kardiologie

C, Jaw FS
vasive evaluation analysis of amniotic fluid
m and disseminated intravascular

athy. J Matern Fetal Neonatal Med. 2011 Nov,;24(11):1411-5. Epub 2011 Jan




Table 3. Differential diagnoses by organ system

Respiratory
Pulmonary embolism
Air embolism
Aspiration
Cardiac
Acute myocardial infarction
Peripartum cardiomyopathy
Aortic dissection
Cardiac arrhythmia
Shock
Sepfic shock
Anaphylactic shock: drug induced
Obstetric
Postpartum hemorrhage
Uterine rupture
Placental abruption
Eclampsia
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Historicka predstava

Prinik plodové vody do materského obéhu

Mechanické latky

ni skvamozni epitelie, lanugo, vlasy, mazek, mekénium)

kce plicnich kapilar a kardiovaskular




mbolie plodovou vodou

Prinik plodové vody do materského obéhu

Solubilni latky
n, bradykinin, prostaglandiny, aktivatory komplementt
n, leukotrieny a metabolity kyseliny arachidinové)
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Antigenni produkty plodového vejce

Anafylaktoidni tehotensky synd

Imunologicka reakce

AF + mekonium = toxictéjsi nez AF bez mekonic
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AFE or Septic Shock?

| Maternal death following cardiopulmonary
collapse after delivery: amniotic fluid embolism
or septic shock due to intrauterine infection?
Romero R, Kadar N, Vaisbuch E, Hassan SS.

Am J Reprod Immunol. 2010 Aug 1;64(2):113-
25.

Amniotic fluid embolism: an evidence-based
review.

Conde-Agudelo A, Romero R.

\ Am J Obstet Gynecol. 2009 Nov;201(5):445.e1-
N 13.
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nafylakticky sok (chybi koini projevy)

odicek s AFE registru trpi alergii nebo atopii

nd risk factors of amniotic fluid embolisms: a popula
irths in the United States. Am J Obstet Gynecol




Amniotic fluid or any fetal materials

1
1
Complement activation
*1

Mast cell Neutrophil and
activation macrophage infiltration

*3

Aaphylactoid
reaction

Uterine atony

Fig. 4. Scheme indicating the mechanism of pathogenesis in PPH of
unknown etiology. * 1: Anaphylatoxin (C3a, C5a), * 2: IL-1, IL-8, TNF-q, *
3: Degranulation of mast cells and * 4: Matrix metalloproteinase and free
radicals were possible components. PAM: Postpartum acute myometritis.




1. The actual embolization of the pulmonary vessels
the mechanical obstruction subtvpe)

@ fetal antigen dose-dependent

@ increased ZnCP1, STN and SCC

® a sudden cardiopulmonary collapse

2. Anaphylactic reactions with idiosyncratic adverse
response
the anaphylactic subtype)
IgE-dependent
fetal antigen dose-independent
decreased threshold for amniotic fluid toxicity
heart mast cell activation
increased tryptase and C5a
decreased C3 and C4
anaphylactic hypersensitivity reactions

. Anaphylactoid reaction and subsequent
activation of the complement cascade
the DIC subtype)
-independent
fetal antigen dose-independent
increased tryptase and C5a
decreased C3 and C4
complement activation and subsequent DIC and
postpartum hemorrhage

FIG. 1. Pathophysiological classification of AFE. Amniotic fluid embolism can be classified as (1) the mechanical obstruction subtype, (2) the
anaphylactic subtype, and (3) the DIC subtype. This subclassification may be beneficial in the diagnosis and the personalized treatment of AFE.

Amniotic Fluid Embolism: Anaphylactic
Reactions With Idiosyncratic
Adverse Response

Hiroshi Kobayashi, MD, PhId
Professor, Depariment of Obtsirics and Gynecology, Nara Medical Universiy, Nars, Jagan
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FIG.2. Endothelial cell surface contact system. The entry of amniotic fluid into the maternal circulation activates endothelial cell surface contact
system. Bradykinin is proteolytical‘_lyy cleaved from high-molecular-weight (HMW) kininogen through the contact system cascade involving co-
agulation factor XII and kallikrein.'¥*' The plasma contact activation system is involved in coagulation (activated factor XlI), complement acti-
vation (C1q), and vascular pemmeability (local generation of kinin). The involvement of the anaphylactoid reaction in the process of the contact

system initiates the activation of coagulation, fibrinolysis, complement, and kinin cascade. The beneficial effects of kallikrein and kininase Il are
attributed to prolongation of the half-life of bradykinin.




TABLE 4
Differential diagnosis of amniotic fluid embolism

Amniotic fluid Anesthetic Pulmonary
embolism Hemorrhage  Sepsis accident thromboembolism

Systemic
anaphylaxis

Hypotension e Tt T+ ot o

o

Hypoxia +++ +- + +++

el

Coagulopathy + + No No

No

Sudden onset Yes No No Yes Yes

Yes

Prior fever No No Yes No No

No

Recognized No Hemorrhage Chorioamnionitis ~ Anesthetic No
antecedent event administration

Medication
administration

Clark Case definition of amniotic fluid embolism to improve quality of clinical and translational research. Am ] Obstet Gynecol 2016,
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ProcC nizsi vyskyt?
zuje se incidence...

Suji se metody intenzivni mediciny
2seni zivot ohrozujicich stravu.




Hlavni rizika

Table 1. Risk factors for amniotic fluid embolism

Male gender Advanced maternal age >35 Cesarean section
Placenta previa Multiparity Cervicdl laceration
Placenta accreta Diabetes Induction of labor

Placental abruption Instrumental delivery: forceps and
vacuum-assisted vaginal deliveries

Fetal distress Uterine rupture
Polyhydramnios Eclampsia
Fetal macrosomia Oxytocin use
Premature rupture of membranes

Intrauterine death

©5) Amniotic fluid embolism: despite progress,
challenges remain

Kathryn J. Balinger®, Melissa T. Chu Lam®, Heidi H. Hon?,
Stanislaw P. Stawicki®, and James N. Anasti®
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Amniotic Fluid embolism
(cases/100,000 deliveries)
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Age 15-29 Age 30-39
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Rozhoduje rychlost

a reakce v rozhodovani...




Embolie plodovou vodo

Pouhé podezreni
Agresivni terapie
Mezioborova spoluprace

Porodnik
Anesteziolog
Anesteziolog/intenzivista
Hematolog
event. patolog




Podezieni na AFE

Okamzita akce

zajistit dychaci cesty

dvé silné i.v. kanyly/pfistupy
okamzité hematologické odbéry
okamzité objednani krevnich ndhrad
zajistit 1éky/vasopresory

pfiprava operacniho salu

Akutni cisarsky fez/emergent SC

r

Pooperacni péce

Jednotka intenzivni péce

resuscitace télniho obéhu/obému
serial/monitoring
hematogickych/biochemickych vysetreni
pouziti vazopresoru




ost zen na AFE u cisarského rezu
izSi, nez v ostatnich pripadech...

etleni:

3 .
omnost anestezmloga,

Zznost resuscitace...

Oi H, Naruse K, Noguchi T, Sado T, Kimura S, Kanayama N, Te
Koba
actors of clinical manifestations and laboratory testing in
with amniotic fluic
synecol Obstet Invest. 2010;70(2):138-44. Epul




Mimotélni oxygenace u téhotnych s AFE




Embolie plodovou vodo

[ATIM ukoncit téhotenstvi
mptomaticka |[écba — zajisténi vitalnich funkci

itim koagulacni vysetreni — ocekavame DIC
im deleukotizovana Ery-masa, FFP
3lni Zilni katétr/a.pulmonalis







Kritéria pro diagnostiku embolie plodové vody

1.
Priznaky se objevily v prubéhu téhotenstvi nebo do 12 hod.
po porodu.

2.

Byl proveden néktery lékarsky postup pro lécbu jednoho

nebo vice nasledujicich symptomu:

* srdecni zastava

e Zivot ohrozuijici krvaceni neznamého puvodu do 2 hod
po porodu (>1500 ml)

e disseminovana intravaskularni koagulace

e respiracni selhani

3.
Pokud uvedené symptomy nelze vysvétlit jinou pfi¢inou/nemoci







Rath W. Postpartum Haemorrhage (PPH):

"too little is done too late"!

Z Geburtshilfe Neonatol, 2011 Oct;215(5):177-81.




