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Abstract

Amniotic fluid embolism is a rare, unpredictable and often catastrophic obstetric complication that usually occurs
during labor or caesarean section. The pathogenetic mechanism has not been fully elucidated to date. Amniotic fluid
embolism is believed to happen due to an anaphylactic reaction to embryonic antigens that enter the mother's
circulation and trigger a variety of immune processes that produce an anaphylactic-like response. The diagnosis
remains clinical. The disease manifests abruptly with cardiovascular shock, encephalopathy, fetal discomfort and
disseminated intravascular coagulation. There is no special treatment. The treatment is supportive and focuses on rapid
stabilization of the cardiopulmonary system, adequate oxygenation of the vital organs and correction of coagulation,
ensuring the best possible perinatal outcome. In this article, based on current data, a literature review of this rare
obstetric complication is attempted, particularly with regard to diagnosis and the basic treatment principles, the timely
and correct application of which can provide the best possible outcome for the mother and the newborn.
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1. Introduction

Placental and amniotic fluid emergencies during pregnancy can occur in any trimester and endanger the life of the
mother, as well as the life of the fetus and newborn. Premature rupture of fetal membranes and premature birth,
umbilical cord prolapse, uterine atony, chorioamnionitis, diffuse intravascular coagulation and amniotic fluid embolism
are serious pathologies associated with dysfunction and dysfunction.

Amniotic fluid embolism is a rare and often disastrous obstetric complication that can occur during pregnancy, usually
during a normal birth or caesarean section, but also after delivery in the first days of pregnancy in about onethird of
cases [1]. It is a multifactorial syndrome that affects all organs and is characterized by sudden cardiovascular shock,
change in the mental level of the mother and diffuse intravascular coagulation.The severity of the disease varies from
mild dysfunction to cardiovascular collapse and maternal death.In most cases amniotic fluid embolism results in a
double tragedy with devastating consequences, both for the pregnant woman and for the fetus and the newborn [2].

1.1. Historical background - epidemiological information

Amniotic fluid embolism was first described by Ricardo Meyer in 1926. Meyer first reported the finding of fetal elements
in the pulmonary circulation of a mother with sudden death [3]. In 1941 amniotic fluid embolism was recognized as a
syndrome by Steiner and Lushbaugh, who described the clinical and histopathological findings of 42 women who died
suddenly during or shortly after giving birth [4]. In 1949 Shotton and Taylor published a case of pulmonary embolism
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from amniotic fluid, describing the then modern symptoms of sudden and severe shock, shortness of breath, cyanosis
and pulmonary edema [5]. Nevertheless, Eastman's commentary from 1948 remains very apt, pointing out that the
diagnosis of amniotic fluid embolism should not be a waste basket for all cases of unexplained death during childbirth
[6]. Later in 1995, Clarke and his colleagues proposed renaming the disease into anaphylaxis of pregnancy, due to the
humoral and immune factors that are blamed for its release [7].

Amniotic fluid embolism is uncommon.The results of a recent systematic review and meta-analysis, the population of
which was studied in many different countries showed that the estimated incidence of amniotic fluid embolism ranges
from 0.8 to 1.8 cases per 100,000 pregnancies and the percentage of women who died or had permanent
neurologicalranged from 30% - 41%[8]. Amniotic fluid embolism in 70% of cases occurs during childbirth and uterine
cramps.After vaginal delivery it concerns, 11% of the cases, while after cesarean section and the exit of the fetus it
concerns 19% of the total cases.The association between amniotic fluid embolism and the sex of the fetus is significant,
with the disease occurring more frequently in mothers who are pregnant with male fetuses [7].

Also, a recent systematic literature review of studies that used a similar methodology highlights the significant
differences recorded in the incidence of the syndrome from country to country and from continent to continent. The
incidence of amniotic fluid embolism is more than three times higher in North America than in Europe. Also, of the 1.9
cases per 100,000 pregnancies estimated to be in the United Kingdom, in Australia the incidence of the disease is much
higher at 6.1 cases per 100,000 pregnancies [9].Similarly, in a recent study from Australia and New Zealand, the
incidence of amniotic fluid embolism is estimated to be high in European countries at 5.4 cases per 100,000 pregnancies
[10].

1.2. Pathogenesis

The pathogenetic mechanism of amniotic fluid embolism to date has not been elucidated with absolute
accuracy.Obtaining reliable information on risk factors is difficult due to the rarity of the syndrome combined with the
fact that the clinical diagnosis is based mainly on the exclusion of pathological conditions with similar symptoms, and
not on the availability and application of diagnostic criteria for the disease [11]. A necessary condition for the onset of
the syndrome is considered to be the disturbance of the anatomical relationship between the placenta, the myometrium,
the cervical vessels and the placental aloe [12].

Many conditions and procedures related to pregnancy or prenatal or postnatal pregnancy are associated with a
significantly higher risk of developing amniotic fluid embolism syndrome (Table 1). More specifically, the black race is
estimated to be twice as likely to develop the syndrome as the white race. Also, the incidence of amniotic fluid embolism
increases significantly with the age of the mother, and especially after the age of 39 years. The pathological individual
memory of the pregnant woman is associated with the occurrence of amniotic fluid embolism: heart disease increases
by about 70 times the risk of developing the syndrome, while cerebral and vascular disorders are associated with an
increased risk of amniotic fluid embolism by almost 25 times [13].

Table 1Risk factors associated with amniotic fluid embolism

Sr.No. | Related factors with mother | Related factors with pregnancy
1. Race Multiple pregnancy

2. Age Polyhydramnios

3. Multiparous pregnant Hypertensive disease of pregnancy
4. Smoking Preeclampsia - eclampsia

5. Diabetes Placenta previa

6. Heart disease Placental abruption

7. Kidney disease Uterine rupture

8. Brain disorders Cesarean section

0. Vascular disorders Stimulation of Labor
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Similarly, many studies have found that multiple pregnancies and polyhydramnios, gestational hypertension,
preeclampsia and eclampsia, precursor placenta, placental abruption, uterine rupture, and caesarean section after labor
significantly increase the risk of amniotic fluid embolism. It is estimated that preeclampsia, placenta previa
andpolyhydramnios are 7 to 13 times more likely to develop the syndrome than pregnant women who do not have a
pathology in pregnancy [13,14,15]. The challenges of childbirth, especially when they involve long - term use of oxytocin
or a combination of oxytocin and prostaglandins, increase the risk of amniotic fluid embolism [16]. Recently, Indraccolo
and colleagues, analyzing the results of a systematic review of amniotic fluid embolism cases from 1990 to 2015 showed
that only the injection of oxytocin during the course of labor statistically significantly increases the risk of developing
the syndrome [17].

1.3. Pathophysiology

In amniotic fluid embolism, amniotic fluid and fetal elements enter the systemic circulation of the pregnant woman,
which was initially attributed to the collapse of the physiological barrier between mother and fetus.Based on this view
the pathophysiological mechanism of the syndrome was considered to be mechanical and due to the incoming volume
of amniotic fluid which results in respiratory failure, bronchospasm and shock [18]. Subsequent studies attributed the
underlying mechanism to an anaphylactoid reaction to fetal antigens entering the maternal circulation accompanied by
a variety of reactions in the maternal organism.Fetal antigens trigger a variety of immune processes that produce a
reaction similar to anaphylaxis [19].

More recently, Tamura and colleagues have shown that amniotic fluid embolism is recognized as a type of syndrome
characterized by the sudden onset of hypoxia, hypotension, seizures, or diffuse intravascular coagulation. Diffuse
intravascular coagulation is due to the entry of the maternal circulation of thrombogenic components of amniotic fluid
that activate the exogenous pathway of the coagulation cataract. The time of thrombus formation is reduced, the
adhesion of platelets is induced, probably as a result of activation of the complement resulting in the creation of a
hypercoagulable state of the organism, the consumption of coagulation factors and the increase of fibrinolytic activity.
This often results in uncontrolled bleeding from the uterus, but also bleeding from other parts and positions of the body
[20,21].

1.4. Diagnostic approach

The diagnosis of amniotic fluid embolism remains clinical.No specific diagnostic laboratory tests to date are able to rule
out or confirm the definitive diagnosis of the disease [22]. The definitive diagnosis of amniotic fluid embolism is made
mainly at necropsy by confirming the presence of fetal material in the pulmonary circulation or in a surviving patient in
bronchial lavage with special Nile stains, according to Wright or Papanikolaou [23]. The varied clinical symptoms and
the difficult clinical diagnosis make the amniotic fluid embolism a challenge in the obstetric clinical practice, the correct
and effective management of which requires the smooth and close cooperation of doctors of various specialties.An
experienced medical team of obstetricians - gynecologists, surgeons, anesthesiologists, neonatologists, hematologists,
vascular surgeons and intensivists is considered necessary to ensure the best possible outcome for the mother and the
newborn [10].

The onset of the disease may occur in otherwise healthy pregnant women without any symptoms or may be due to non-
specific precursor symptoms a few hours before its clinical onset, such as agitation, cold, dizziness, anxiety, nausea,
vomiting and acupuncture on the fingers. Predominant clinical manifestations of amniotic fluid embolism occur in 30%
- 40% of cases. Acute dyspnea and cyanosis affect about 50% - 80% of patients and are the main symptoms. A sharp
drop in blood pressure occurs in 56% to 100%, heart failure in 30% - 87% and fetal discomfort with an increased risk
of sudden and unexplained deterioration of fetal heart rate is observed in 20% to 36% of all cases with amniotic fluid
embolism. Seizures and loss of consciousness - coma affects 15% to 50% of patients [24,25].

A recent retrospective multicenter study lasting ten years (2005-2015) showed that the most common initial symptom
of amniotic fluid embolism was a sudden loss of consciousness which was observed in 66.7% of cases, followed by fetal
bradycardia (50%) and dyspnea (55%). Typically in 55% of cases a post-mortem caesarean section was performed in
the operating room, except for one case, in which the caesarean section was performed at the place of receipt of
interest[26]. According to other studies in up to 12% of cases the initial symptom is severe bleeding from a blood
clotting disorder which is life threatening to the pregnant woman [27,28]. Later, after the initial phase, acute heart
failure occurs with consequent pulmonary edema in 51% to 100% of cases with hypovolemia and myocardial ischemia
[29,30].

In general, the diagnosis of amniotic fluid embolism should be considered in any case of sudden cardiovascular collapse
or maternal death during childbirth or in the first hours after childbirth with unexplained etiology. Maternal death is
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due to sudden cardiac arrest, heavy bleeding due to a coagulation disorder, the development of acute respiratory
distress, and multiple organ failure. To date, there are no specific laboratory tests to diagnose the syndrome. Diagnostic
criteria for amniotic fluid embolism used in the international literature are the criteria of UKOSS (UK Obstetric
Surveillance System) [16] and the Benson criteria[31], as listed in the table below (Table 2).

Table 2 Diagnostic criteria for amniotic fluid embolism

Criteria UKOSS (2010) Benson Criteria (2007)

Acute heart failure without other Pregnant up to 48 hours after delivery

clear cause with one or more than: with one or more of:

Heart attack Hypotension and/or cardiac arrest

Cardiac arrhythmia

Breathing difficulty

Hypotension

Diffuse intravascular coagulation

Maternal bleeding

Coma and/or seizures

Precursor symptoms

K No other medical explanation

Epileptic seizures

Shortness of breath of abrupt onset

Table 3 Pathological conditions that require differential diagnosis from amniotic fluid embolism

Massive pulmonary embolism

Air embolism

Acute myocardial infarction

Pulmonary edema

Septic shock

Anaphylactic shock

Automatic pneumothorax

Uterine rupture

O X ||| W N

Uterine atony

[UnN
e

Placental abruption

[EnN
=

Eclampsia

[EnN
N

Epilepsy

Hypoxemia

[EnN
w

[EnN
-

Hypoglycemia

[EnN
Ut

Stroke

The blood test, which may show an increase in white blood cells, thrombocytopenia, prolongation of clotting times,
decreased fibrinogen levels, increased di - dimmers and increased cardiac enzymes does not help much in the diagnosis
of amniotic fluid embolism. Also, tachycardia, right ventricular strain, and non-specific ST and T lesions imaging on
electrocardiography are not pathognomonic findings of the disease. Similarly, a chest x - ray which may show dilatation
of the right atrium, dilatation of the right ventricle and pulmonary artery, and pulmonary edema is not indicative of the
diagnosis of the disease. Special tests, such as esophageal ultrasound and rotational thrombocytopenia, help not only to
confirm the diagnosis, but also to monitor the progression of the amniotic fluid embolism being treated [32,33].

68



Magna Scientia Advanced Research and Reviews, 2022, 05(02), 065-073

Measurement of the STN (sialyl TN antigen) in peripheral blood or by right catheterization is currently estimated to be
of significant help in the diagnosis of amniotic fluid embolism [34,35]. In contrast, pulmonary angiography is not widely
used clinically and should be performed in cases of persistent hypotension to rule out the diagnosis of pulmonary
embolism [34]. Promising biochemical diagnostic markers, such as zinc coproporphyrin, tryptase, and complement
factors C3, C4, have not been established in clinical practice as pathognomonic markers for the diagnosis of amniotic
fluid embolism [35,36]. Even the presence of embryonic cells in the pulmonary vessels is not a reliable diagnostic
criterion for amniotic fluid embolism, as embryonic cells can be detected in 21% to 100% of pregnant women who do
not have the disease [24].

Table 4 Basic principles of treatment of pregnant women with amniotic fluid embolism

1. | Breathing support

endotracheal intubation

oxygenation

2. | Traffic support

administration of crystalline solutions

administration of dopamine

administration of inotropic substances

administration of sodium bicarbonate

3. | Treatment of diffuse intravascular coagulation

red blood cell transfusion

plasma transfusion

platelet transfusion

administration of anticoagulant therapy

administration of rivaroxaban?

4. | Treatment of uterine atony

administration of contraceptive drugs

uterine closure

obstetric hysterectomy

5. | Pregnancy management

fetal monitoring

cesarean section

post-mortem caesarean section

The absence of specific diagnostic indicators and the need for diagnosis based on clinical criteria pose a serious
differential diagnostic problem of amniotic fluid embolism from many other pathological conditions of similar
symptomatology. The most common condition that must first be differentiated from amniotic fluid embolism is massive
pulmonary embolism. The latter is very different from amniotic fluid embolism in terms of typical risk factors, chest
pain, rarer hypotension and usually the absence of blood coagulation disorders. Similarly, air embolism, acute
myocardial infarction, septic shock, pulmonary edema, uterine rupture, uterine atony, eclampsia, epilepsy and other
pathological conditions (Table 3) should be included in the diagnostic amniotic fluid embolism[18,30,34].

1.5. Treatment

Treatment of amniotic fluid embolism, due to its urgency and high mortality rate, should initially be supportive and
focus on rapid stabilization of the mother's cardiorespiratory system and adequate oxygenation of vital organs (Table
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4).There is no special treatment.The key to treatment is immediate recognition of the syndrome and a high rate of
clinical suspicion [37,38]. In the past, the first actions were limited to the use of morphine, atropine and oxygen. Current
management focuses on oxygenation, maintenance of cardiac output, control of bleeding and correction of coagulation.
Providing airway and mechanical respiratory support with 100% oxygen and positive expiratory pressure (PEEP) to
the extent permitted by the hemodynamic status is usually necessary to improve the patient's oxygenation. In case of
failure of the manipulations, the extracorporeal membrane oxygenation and the continuous venous hemodialysis can
be valuable treatments[3,39].

At the same time, the administration of crystalline solutions should be started immediately to treat hypotension and
hemodynamic instability.The non-reduction of hypotension requires the administration of vasoconstrictor
treatment.Intravenous administration of dopamine and inotropic substances is indicated based on hemodynamic
parameters, in order to maintain systolic blood pressure at levels greater than 90mmHg [40]. Recent promising
treatments include selective pulmonary vasodilators and recombinant activated factor VIla.In patients who do not
respond to support measures and there is a deficiency of the right ventricle and pulmonary hypertension, the choice of
sodium bicarbonate should be seriously considered, the use of which can lead to an immediate normalization of cardiac
parameters [3,41].

Anticoagulant therapy is the most important strategy for inhibiting excessive coagulation cataract activation in patients
with amniotic fluid embolism and diffuse intravascular coagulation. Oral therapy with rivaroxaban, a novel
anticoagulant and selective direct inhibitor of factor Xa, has not yet been established in the treatment of these patients.
Isolated published cases in the literature have shown good therapeutic efficacy of the drug in the treatment of patients
with amniotic fluid embolism and diffuse intravascular coagulation. Based on these and the positive results of major
trials and strong guidelines, rivaroxaban should be considered as the first preferred anticoagulant therapy for the
majority of patients [42,43].

Diffuse intravascular coagulation associated with bleeding is treated depending on the degree of bleeding. Transfusion
with red blood cells and platelets, for those cases that have thrombocytopenia is considered necessary. Continued
uterine bleeding (uterine atony) that does not respond to uterine contractions may require obstetric hysterectomy.
Disruption of the coagulation mechanism in embolism by amniotic fluid, which is established in an extremely short
period of time, is not directly proportional to bleeding. In any case of suspected amniotic fluid embolism, immediate
determination of the fibrinogen level is required in order to assess the degree of coagulation disorder. Immediate
treatment of coagulation is estimated to help reduce maternal mortality from amniotic fluid embolism[44].

Trying to complete the birth in the safest way for the mother and always taking into account the condition of the fetus
should be a priority in the treatment of pregnant women with amniotic fluid embolism. Although the primary
responsibility of the physician is to ensure the health and life of the mother, intervention to save the fetus is considered
appropriate in some cases. Continuous monitoring of the fetus is mandatory in pregnancies longer than 24 weeks. In
cases of maternal heart failure, immediate caesarean section is recommended [45]. Given that brain damage begins in
5 minutes of anoxia and therefore the post-mortem cesarean section should be completed within 4 minutes (the 4-
minute rule) in order to improve the perinatal outcome and possibly the outcome of maternal health [46], the
publication of the results of a twenty-year study (1985-2004) is far from proving that postmortem caesarean section
within 4 minutes of maternal cardiac arrest in the third trimester of pregnancy improves maternal and neonatal
outcome [47]. According to current guidelines, the post-mortem caesarean section should be included in the pregnant
woman after 5 minutes of unsuccessful cardiopulmonary resuscitation and if completed in time it is estimated that it
could possibly help save the fetus and its critical non-resuscitation [48].

1.6. Prognosis

The prognosis for amniotic fluid embolism is not good, with most women ending up.Total maternal mortality is
currently estimated at 11% to 44%, with the best available data supporting an overall mortality rate of 20.4%[49]. It is
estimated that half of patients die within the first hour of the onset of the syndrome and that about two-thirds end up
in the first five hours.If the pregnant woman survives, in most cases she has serious neurological problems.If a patient
with amniotic fluid embolism develops cardiac arrest, the chances of surviving without neurological deficits are
negligible [24]. The survival rate of newborns is estimated to reach 70%.The neurological condition of the infant is
directly related to the time interval between the clinical manifestation of the syndrome and the completion of labor [50].

Although mortality rates are estimated to have declined in recent years, morbidity remains high. In addition to

permanent neurological damage in most cases, acute renal failure, heart failure with left ventricular failure, cardiogenic
pulmonary edema, arrhythmias, myocardial ischemia or acute myocardial infarction have been reported. Respiratory
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failure as well as non-cardiogenic pulmonary edema should be among the possible subsequent complications of women
surviving amniotic fluid embolism [18,24,50,25]. The risk of recurrence in future pregnancies is unknown.Although it
cannot be accurately estimated, successful subsequent pregnancies reported in the literature support the attempt to
achieve future pregnancies in women who have survived amniotic fluid embolism.The risk of recurrence in future
pregnancies is unknown[51,52,53].

1.7. Prevention

Improving the management of obstetric bleeding is considered important for the prevention of amniotic fluid embolism.
Avoiding injuries to the cervix and body of the uterus during medical procedures and avoiding injuries to the placenta
during caesarean section could significantly help prevent the syndrome with all the devastating complications it can
have for mother and newborn. Similarly, labor and uterine tetanus contractions should be treated with appropriate
treatment, while the use of oxytocin should be done with great caution [54]. Also, the care for the early recognition of
the precursor symptoms and signs of amniotic fluid embolism by health professionals seems to be crucial.Reports from
the patient, such as shortness of breath, chest pain, cold, anxiety, panic, nausea and vomiting, should in any case be taken
seriously and evaluated accurately in order to achieveearly diagnosis of the disease and the most effective treatment
[55,1].

2. Conclusion

Amniotic fluid embolism is a double tragedy, as it can lead to disastrous results for both the pregnant woman and the
fetus and the newborn. An accurate understanding of the etiology and pathophysiology of the syndrome remains
incomplete to this day. Similarly, diagnostic criteria are controversial and cannot lead to an early and correct diagnosis
of the disease. The continuation of the research effort in the future is expected to shed light on important and crucial
aspects of this serious obstetric problem and to significantly improve perinatal and maternal mortality. It is expected
that limiting research on amniotic fluid embolism to women who meet the criteria of the classic trinity will enhance the
validity of published data and help identify risk factors and potentially useful biomarkers for early diagnosis and
effective treatment.
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