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SUMMARY
Amniotic fluid embolism (AFE) is a rare and potentially
fatal complication of pregnancy. In this case report, we
highlight the successful use of sodium bicarbonate in a
patient with an AFE. We present a case of a 38-year-old
mother admitted for an elective caesarean section.
Following the delivery of her baby, the mother suffered a
cardiac arrest. Following a protracted resuscitation,
transoesophageal echocardiography demonstrated
evidence of acute pulmonary hypertension, with an
empty left ventricle and an over-distended right ventricle.
In view of these findings and no improvement noted
from on-going resuscitation, sodium bicarbonate was
infused as a pulmonary vasodilator. Almost
instantaneous return of spontaneous circulation was
noted, with normalisation of cardiac parameters. We
propose that in patients suspected with AFE and who
have been unresponsive to advance cardiac life support
measures, and where right ventricular failure is present
with acidosis and/or hypercarbia, the use of sodium
bicarbonate should be considered.

BACKGROUND
The deleterious and severe consequences of amni-
otic fluid embolism (AFE) mean that this is a
disease known to most acute care practitioners,
despite its rarity. It is a leading cause of maternal
mortality in developed countries with a worldwide
incidence of 1.9–6.1 in 100 000 deliveries and
mortality rates of 11–43%.1–4 It is associated with
perinatal mortality rates of 7–38% and significant
morbidity in survivors.1 Early diagnosis and treat-
ment are the most critical factors associated with
survival.5

AFE is characterised clinically by a triad of par-
turient hypoxia, hypotension and coagulopathy.
The pathophysiology is still not clearly understood.
Current hypotheses suggest a systemic inflamma-
tory response syndrome like reaction to the
embolic fetal material.6 There is activation of
maternal mediators resulting in pulmonary vaso-
constriction, acute pulmonary hypertension and
right heart failure. Concurrent activation of the
coagulation cascade eventuates into disseminated
intravascular coagulation. Subsequent left heart
failure, acute lung injury and neurological sequelae
are thought to result mainly from hypoxia.7 8

Treatment of AFE is supportive with aim to
maintain cardiac output, reduce hypoxia and
reverse coagulopathy and haemorrhage.7 8 Previous
case reports have included the use of extracorpor-
eal membrane oxygenation,9 10 cardiopulmonary
bypass11 and pulmonary vasodilators such as

prostacyclin12 and nitric oxide.13 No previous lit-
erature documents the use of sodium bicarbonate
as a pulmonary vasodilator in AFE.
We report a case of AFE with cardiac arrest and

severe pulmonary hypertension, immediately
responsive to the administration of sodium bicar-
bonate as a pulmonary vasodilator.

CASE PRESENTATION
A 38-year-old woman with gestational diabetes,
morbid obesity and essential hypertension presented
for an elective caesarean section and tubal ligation.
The indication was a previous caesarean section scar
and fetal) macrosomia. She was gravida 3 para 2, at
37-week gestation. She was induced with general
anaesthesia following a failed attempt at spinal
anaesthesia. Following the delivery of a healthy
baby (weighing 3.9 kg), the patient became hypoxic
and hypotensive, which rapidly progressed into
pulseless electrical activity (PEA). Cardiopulmonary
resuscitation was immediately started with 1 mg
adrenaline every second cycle with no return of
spontaneous circulation (ROSC). During this time
she was also clinically coagulopathic and in total
had 17 units of packed red blood cells, 8 units of
fresh frozen plasma, 8 units of cryoprecipitate, three
bags of platelets and 90 μg/kg of Factor VIIa.

INVESTIGATIONS
A transoesophageal echocardiogram (TOE) was
conducted demonstrating an empty, vigorously con-
tracting left ventricle, gross right ventricular dila-
tion and contractile failure and a considerable
amount of spontaneous echo contrast in the right
atrium (figure 1).
Arterial blood glass taken during the arrest

revealed a severe mixed acidosis with hypoxaemia
and anaemia: haemoglobin (Hbg) 67 g/L (normal:
115–160), pH 6.8 (normal: 7.35–7.45), pO2

52 mm Hg (normal: 80–100), pCO2 86 mm Hg
(normal: 35–45) and lactate 8.3 mmol/L (normal:
0.5–2.0). Laboratory results after the arrest revealed
a Hbg of 105 g/L (normal: 115–160), platelets of
291×109/L, International Normalised Ratio of 1.2
(normal: 0.9–1.2), activated partial thromboplastin
time of 59 s (normal: 26–41) and a drop in fibrino-
gen from 6.3 to 2.4 g/L (normal: 1.7–4.5).

TREATMENT
After 30 min with no ROSC, a decision was made
to go onto cardiopulmonary bypass. While that
was being set up, a 100 mL bolus of 8.4% sodium
bicarbonate was infused via the central line. There
was an immediate effect, with ROSC.
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The subsequent TOE, approximately 60 min after the onset
of cardiac arrest showed a full, strongly contracting left ventricle
and minimal dilation of the right ventricle (figure 2).

OUTCOME AND FOLLOW-UP
The patient was subsequently transferred to our intensive care
unit where she was extubated successfully the following day.
One year later she has resumed work and is a capable mother to
her three children. The only neurological defect noted is a mild
defect in her short-term memory.

DISCUSSION
There are currently no reports describing the use of sodium
bicarbonate as a pulmonary vasodilator in life-threatening AFE.
It has, however, been used in several cases of AFE with ROSC
following cardiovascular collapse.14 15 These case reports have
never attributed the ROSC to sodium bicarbonate because they
never used TOE during the initial resuscitation. In the case
report by Shechtman et al,14 the use of TOE occurred only after
the mother suffered a second cardiac arrest. She was not
reported to have had any further doses of sodium bicarbonate

and subsequently died. In the case report by Mashid et al,15 the
patient died 2 h after ROSC because of coagulopathy.

Sodium bicarbonate was once a mainstay of cardiac arrest
algorithms. In recent times there has been an increased focus on
its possible adverse effects, which include hypernatraemia,
hyperosmolality, volume overload, hypokalaemia, hypercapnia,
intracellular acidosis and left shift of the oxyhaemoglobin dis-
sociation curve. These factors coupled with a lack of evidence
have seen it being excluded from routine administration during
a cardiac arrest. Despite this, it still has an important role in
defined clinical scenarios including hyperkalaemia, documented
metabolic acidosis, tricyclic antidepressant overdose and pro-
tracted arrest.

Sodium bicarcabonate is postulated to have direct and indirect
mechanism of actions on the pulmonary vasculature. Its direct
mechanism of action as a pulmonary vasodilator is unknown.
Potential explanations include a reduction in ionised calcium
leading to pulmonary smooth muscle relaxation,16 hypertonicity
causing fluid migration from intracellular and interstitial com-
partments to arteriolar vessels, resulting in pulmonary vasodila-
tion, or by inhibiting endogenous vasopressor substances.17

The postulated indirect mechanism is thought to be through
alkalosis and hypocarbia with several animal studies demonstrat-
ing the attenuation of hypoxic pulmonary vasoconstriction.18–20

These studies found that metabolic and respiratory alkalosis sig-
nificantly reduced mean pulmonary artery pressure (MPAP) and
pulmonary vascular resistance (PVR) compared with controls.
Conversely, hypocapnia alone increased MPAP, suggesting that
pH was more important than changes in CO2. In one human
study, acidaemia was induced via hypoventilation and then alka-
laemia with the administration of 4 mmol/kg of intravenous
sodium bicarbonate.21 Hypercapnia caused an increase in MPAP
and PVR and conversely sodium bicarbonate reduced MPAP
and PVR to levels lower than baseline.

Alternative pulmonary vasodilators employed in the setting of
AFE have featured in several case reports. These include the
administration of inhaled prostacyclin12 and nitric oxide.13

These agents, however, require a degree of familiarity and
experience in their use. Other more selective pulmonary vasodi-
lators such as sildenafil and bosentan are not readily available in
parenteral form.

In conclusion, we are able to demonstrate signs consistent
with acute pulmonary hypertension and severe right heart
failure leading to a PEA cardiac arrest in this case of AFE. The
most important factor for survival after AFE is the overall

Figure 2 Transoesophageal echocardiogram demonstrating
normalisation of left and right ventricular size immediately after
administration of sodium bicarbonate. LA, left atrium; MV, mitral valve;
LV, left ventricle; RA, right atrium; TV, tricuspid valve; RV, right
ventricle; IVS, interventricular septum.

Figure 1 Transoesophageal echocardiogram image demonstrating
severe pulmonary hypertension and right ventricular overload with a
dilated right ventricle and bulging of the interventricular septum to the
left. Also visible is a dilated right atrium with spontaneous echo
contrast. LA, left atrium; MV, mitral valve; LV, left ventricle; RA, right
atrium; TV, tricuspid valve; RV, right ventricle; IVS, interventricular
septum.

Learning points

▸ Amniotic fluid embolism is a rare but potentially fatal
complication of pregnancy associated with high morbidity
and mortality.

▸ The pathophysiology of amniotic fluid embolism likely
involves a systemic inflammatory response syndrome-like
response resulting in pulmonary vasoconstriction and acute
pulmonary hypertension with right heart failure.

▸ Sodium bicarbonate should be considered in the treatment
of a patient with suspected amniotic fluid embolism that
has been unresponsive to normal advanced life support
measures, and where right ventricular failure is evident on
transoesophageal echocardiogram, and acidosis and/or
hypercarbia is present.
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management of cardiovascular collapse. However, despite the
immediate institution of appropriate advanced cardiac life
support measures in our patient, there was no clinical improve-
ment until the administration of sodium bicarbonate. Even at
this late stage, this resulted in immediate restoration of a spon-
taneous circulation with clear benefit to the cardiac function as
directly observed by TOE. We propose that the bicarbonate may
have had a direct effect by reducing the PVR, allowing the
failing right ventricle to restore forward flow. This is in agree-
ment with previous small studies of interventional alkalosis con-
ducted in animals and predominantly cardiac patients with
pulmonary hypertension.
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