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Amniotic Fluid Embolism Treated With Inhaled 
Milrinone: A Case Report
Frederick J. Baxter, MD, CCFP(EM), FRCP(C), MSc, and Amanda Whippey, MD, FRCPC

We present a patient with sudden cardiovascular collapse during cesarean delivery that was 
attributed to amniotic fluid embolism (AFE). The syndrome of AFE may be initiated by an ana-
phylactoid response to amniotic fluid in the maternal circulation that triggers the release of 
pulmonary vasoconstrictors, with transient pulmonary vasospasm, causing hemodynamic col-
lapse and profound left ventricular failure. Milrinone, a pulmonary vasodilator used in the man-
agement of emergent right ventricular failure, was administered via a nebulizer in an effort to 
decrease pulmonary vascular resistance. If used immediately after AFE, inhaled milrinone may 
mitigate pulmonary vasoconstriction, providing a bridge to extracorporeal membrane oxygen-
ation. (A&A Practice. 2020;14:e01342.)

GLOSSARY
AFE = amniotic fluid embolism; cAMP = cyclic adenosine monophosphate; cGMP = cyclic guano-
sine monophosphate; ECMO = extracorporeal membrane oxygenation; ET = endotracheal tube; 
Hb = hemoglobin; HME = heat and moisture exchanger; iNO = inhaled nitric oxide; IV = intrave-
nous; LVAD = left ventricular assist device; PDE = phosphodiesterase; PEA = pulseless electrical 
activity; PPHN = pulmonary hypertension of the newborn; PH = pulmonary hypertension; RV = 
right ventricular; TTE = transthoracic echocardiogram

Amniotic fluid embolism (AFE) should be considered 
when a sudden cardiovascular collapse occurs dur-
ing labor, vaginal delivery, or cesarean delivery.1 

Originally attributed to mechanical obstruction of the pul-
monary circulation, the syndrome of AFE is now believed to 
be initiated by the entry of amniotic fluid into the maternal 
circulation.2 This triggers the release of pulmonary vasocon-
strictors, with transient pulmonary vasospasm and right 
ventricular (RV) failure, causing hemodynamic collapse, 
followed by profound left ventricular failure.3

We present a case of AFE treated with inhaled milrinone, 
a pulmonary vasodilator primarily used in the manage-
ment of RV failure after cardiac surgery.4,5 When milrinone 
is administered as an aerosol, selective pulmonary vasodi-
lation occurs without significant changes in mean arterial 
pressure or systemic vascular resistance,6 potentially pro-
viding a management option for acute pulmonary hyper-
tension. If used immediately after AFE, inhaled milrinone 
may mitigate the pulmonary vasoconstriction, providing a 
bridge to extracorporeal membrane oxygenation (ECMO).

The patient provided written consent to publish this case 
report.

CASE DESCRIPTION
A 34-year-old G2P1 woman with twin pregnancy presented 
at 35 weeks 3 days for repeat cesarean delivery due to pre-
mature rupture of membranes and breech presentation. The 
patient’s medical history was unremarkable. The patient 
had a previous cesarean delivery with an uncomplicated 
spinal anesthetic.

Spinal anesthesia was induced with 0.75% hyperbaric 
bupivacaine (12 mg), fentanyl (20 µg), and morphine 
(0.1 mg). A phenylephrine infusion, 0.5 µg·kg–1·min–1, was 
started prophylactically as the spinal was placed. The twins 
were delivered without incident. Intravenous (IV) carbeto-
cin 100 µg was administered.

Immediately following the cord clamping of twin B, the 
patient experienced a grand mal seizure with oxygen (O2) 
desaturation. The anesthesia circuit and facemask were 
used to ventilate with 100% O2. The patient immediately 
became bradycardic. Atropine 0.6 mg IV was administered. 
However, pulseless electrical activity (PEA) ensued. Chest 
compressions were started, and epinephrine (1 mg IV) was 
administered. Differential diagnosis included an embolic 
event or anaphylaxis.

After 2 cycles of chest compressions, spontaneous circu-
lation was re-established, and the surgical team was able to 
close the uterus and abdomen. The airway was intubated. 
The patient remained epinephrine-dependent, and 3 further 
episodes of PEA arrest occurred over the next 40 minutes. 
During that time, the patient developed consumptive coag-
ulopathy. AFE became the presumptive diagnosis.

The patient required 1 dose of intramuscular ergotamine 
and 2 doses of intramuscular carboprost with intermittent 
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uterine massage to maintain uterine tone. Despite this, sig-
nificant vaginal bleeding was noted. Tranexamic acid 1 g 
was given. Initial blood work, taken approximately 20 min-
utes after arrest and following the insertion of large-bore IV 
lines and a femoral arterial line, showed hemoglobin (Hb) 
9.2 g/dL (92 g/L), platelets 18 × 109/L (18,000/µL), pH 7.27/
Pco2 41/Po2 24/HCO3 19/base deficit −8/oxygen satura-
tion 0.45, and lactate 2.4 mmol/L.

Seven units (~300 mL/U)7 of packed red blood cells, 8 
units (~290 mL/U)7 fresh frozen plasma, 4 adult doses of 
platelets (~330 mL/dose),7 2 doses (100 mL/dose) of cryo-
precipitate, and 2 g of calcium chloride were administered. 
Subsequently, additional blood work taken approximately 
40 minutes postarrest showed lactate of 6.42 mmol/L, acti-
vated partial thromboplastin time 21 seconds, international 
normalized ratio 1.3, and Clauss fibrinogen 0.9 g/L, and Hb 
had decreased to 8.6 g/dL (86 g/L) (Supplemental Digital 
Content, Supplemental Table 1, http://links.lww.com/
AACR/A385).

At approximately 25 minutes after the arrest, milrinone 
(1 mg/mL) 5 mg was injected directly into the endotra-
cheal tube,5,8 in an effort to decrease pulmonary vascular 
resistance. Milrinone was repeated once with 5 mg by 
aerosol6 (total dose 10 mg). Milrinone was nebulized by 
placing a standard nebulizer T piece (Adult Nebulizer Kit, 
Trudell Medical, London, ON) inline with the ventilator 
circuit, distal to the heat and moisture exchanger (HME) 
filter, before the elbow connector (Figure). The nebulizer 

was filled with 5 mg milrinone diluted in normal saline to 
a concentration of 1 mg/mL and attached to the perpen-
dicular port of the T piece. Oxygen tubing was attached 
from the oxygen flowmeter to the nebulizer at 7 L/min.

The patient was started on 0.033 U/min (2 U/h) vaso-
pressin and 0.6 µg·kg–1·min–1 norepinephrine infusion. A 
transthoracic echocardiogram (TTE) was performed during 
resuscitation after the nebulized milrinone had been admin-
istered. This revealed severe global hypokinesis of the left 
and right ventricles. The left ventricular ejection fraction 
was 15%. There was no evidence of clot, aortic dissection, or 
pulmonary hypertension. The RV systolic pressure was 37 
mm Hg (normal range 15–30 mm Hg), as estimated by TTE.

The patient experienced a further brief PEA arrest dur-
ing the echocardiogram. Due to the extent of cardiac impair-
ment, she was transferred to the regional cardiac hospital 
in our city. In the operating room, she underwent femoral–
femoral cardiopulmonary bypass after full anticoagulation. 
At the time of cannulation, severe nondilated biventricular 
cardiac dysfunction was seen on transesophageal echocar-
diography, with an ejection fraction of <10%. She required 
active resuscitation for 7 hours postcannulation before 
transport to another city for ECMO.

The patient was initially started on venous-arterial 
ECMO (4800 rpm, flow 5.0 L/min) without vasopressors and 
required ongoing transfusion for the next 24 hours. ECMO 
was switched from venous–arterial to venous–venous the 
following day, and she was fully decannulated 4 days later. 
Her course in the hospital was complicated by acute respi-
ratory distress syndrome, right lower lobe pneumonia, infe-
rior vena caval thrombus, and Gram-negative septicemia. 
She made a full recovery with no neurological deficits and 
was discharged home 23 days following delivery.

DISCUSSION
Causes and management of maternal cardiac arrest are varied 
(Supplemental Digital Content, Supplemental Tables 2 and 
3, http://links.lww.com/AACR/A385). In this case report, 
maternal cardiac arrest was attributed to AFE syndrome. If 
pulmonary vasospasm initiates the hemodynamic response 
to AFE, the rapid reversal of pulmonary hypertension while 
avoiding systemic vasodilation may be of benefit. Inhaled 
prostaglandin derivatives and inhaled nitric oxide (iNO) have 
been used effectively in the management of refractory hypox-
emia and pulmonary hypertension (Table).9,10 Both require 
specialized equipment and are not readily available for 
emergent use. Because of its relative availability and ease of 
delivery by nebulization, milrinone can be delivered rapidly, 
with readily available equipment. Extensive experience with 
aerosolized milrinone has been gained over the past 2 decades 
in other patient populations.4–6,8 For example, Buckley and 
Feldman24 described the use of nebulized milrinone at 4 mg/h 
as rescue therapy for an acute pulmonary hypertensive crisis 
(not caused by AFE), with a favorable outcome.

The use of nebulized milrinone for management of AFE 
has not been previously reported. However, milrinone has 
been demonstrated to be effective in decreasing pulmonary 
vascular resistance when given by bolus directly into the 
endotracheal tube.5,8 Gebhard et al5 reported 176 patients in 
whom 5 mg milrinone was injected directly into the endo-
tracheal tube to manage unexpected acute RV failure at 

Figure. A standard nebulizer T piece inline with the ventilator circuit, 
distal to the heat and moisture exchange filter, before the elbow 
connector.
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separation from cardiopulmonary bypass, with improved 
RV function in 109 (61.9%).

The use of iNO as an inhaled pulmonary vasodilator in 
the setting of AFE has been previously reported2,25 with evi-
dence of rapid clinical improvement and normalization of 
RV function.

The degree to which milrinone contributed to this patient’s 
favorable outcome is unclear, as we did not have an assess-
ment of her RV or pulmonary vascular status before and 
after the administration of nebulized milrinone. However, if 
sudden pulmonary vasospasm is the primary cause of ini-
tial hemodynamic dysfunction,26 rapid administration of a 
selective pulmonary arterial vasodilator could potentially be 
lifesaving. Milrinone might provide a temporizing measure 
as a bridge to ECMO. Milrinone, injected directly into the 
endotracheal tube or by aerosol, may offer a rapidly available 
option for reversal of acute pulmonary hypertension caused 
by AFE, without compromising systemic vascular resistance.

Milrinone can be considered in the setting of AFE based 
on physiological rationale. It has been shown to decrease pul-
monary vascular resistance in other patient populations and 
was used safely here as an adjunct to bridge to ECMO. E
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