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Successful use of extracorporeal membrane
oxygenation during cesarean section in parturients with
symptomatic severe pulmonary stenosis: a case report
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Optimizing anesthetic management during cesarean section in parturients with severe pulmonary stenosis is difficult. This report describes the use of extracorporeal membrane oxygenation
(ECMO) in a patient with symptomatic severe pulmonary stenosis undergoing cesarean section.
A 33-year-old primigravid woman was admitted to the emergency department during the 37th
week of gestation for vaginal leakage and dyspnea on exertion. Transthoracic echocardiography
showed severe pulmonary valve stenosis with a maximal gradient of 135 mmHg, combined with
right ventricular hypertrophy and moderately decreased right ventricular contractility. She underwent emergency cesarean section under general anesthesia with ECMO as an adjuvant anesthetic method. Hemodynamic variables were well-maintained in the perioperative period, and
the baby was delivered without complications. The patient was successfully weaned off of the
ECMO device 3 hours after the end of the operation. The mother and baby were discharged in
good health on hospital day 6. General anesthesia with ECMO support can be safe and effective
in patients with severe pulmonary stenosis undergoing cesarean section.
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INTRODUCTION

and safe utilization of ECMO in a parturient with severe pulmonary stenosis undergoing cesarean section.

Severe pulmonary stenosis in parturients is rare, but may
be fatal [1]. To date, no anesthetic method has been found
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optimal for pregnant women with cardiac valve disease undergoing cesarean section. Therefore, managing anesthesia

A 33-year-old primigravid parturient was admitted to

in parturients with severe pulmonary stenosis is difficult.

the emergency department in the 37th week of gestation

Extracorporeal membrane oxygenation (ECMO) support de-

for vaginal leakage and dyspnea on exertion (DOE). At age

vices are widely used to manage patients with cardiopulmo-

5, she had undergone total correction of tetralogy of Fallot.

nary failure. ECMO can be used as an adjuvant to anesthe-

Examination in the obstetric outpatient department in the

tize critically ill patients with high-risk cardiopulmonary or

18th week of gestation showed shortness of breath, catego-

airway disease [2-4]. This report demonstrates the successful

rized as New York Heart Association (NYHA) class II, which
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later increased to NYHA class III at admission. A grade 4/5

mmHg, which correlated with inferior vena cava plethora

systolic murmur was detected at the left upper sternal bor-

on preoperative TTE (Fig. 2). The femoral vein and artery

der. Bilateral leg edema was noted, and chest X-rays showed

were sequentially cannulated with 21-Fr cannulas under

cardiomegaly.

ultrasound guidance by an ECMO specialist. The venous

The initial vital signs included a blood pressure of 101/71

cannula tip was positioned at the junction of the right atri-

mmHg, pulse rate of 97 beats per minute, and respiratory

um and the inferior vena cava, as confirmed on TTE. ECMO

rate of 25 breaths per minute. Twelve-lead electrocardi-

support was started, resulting in an immediate and dramatic

ography showed sinus rhythm with premature ventricular

reduction in central venous pressure, along with a slight re-

complexes and right axis deviation with right ventricular

duction in blood pressure. As postpartum hemorrhage may

hypertrophy. Transthoracic echocardiography (TTE) re-

be life-threatening, anticoagulants were not administered in

vealed severe pulmonary valve stenosis. The maximal trans-

the perioperative period. An alternative procedure consists

valvular pressure gradient was 135 mmHg. The right atrium

of short-term ECMO, followed by early weaning from ECMO

was enlarged, and the right ventricle was hypertrophic, with

to prevent thromboembolic events.

moderately decreased right ventricular contractility. Right

After verifying the maintenance of ECMO flow, general

ventricular compression of the ventricular septum toward

anesthesia was induced with 250 mg of thiopental sodium

the left ventricle resulted in a D-shaped left ventricle (Fig. 1).

and 80 mg of rocuronium. Rapid sequence induction (RSI)

Inferior vena cava plethora was also observed. Arterial blood

was performed with Sellick’s maneuver. For maintaining

tests after oxygen supplementation with a simple mask

hemodynamic stability during RSI, remifentanil was ad-

at 6 L/min showed: pH, 7.51; PaCO2, 28 mmHg; PaO2, 98

ministrated via target-controlled infusion using Orchestra

mmHg; and base excess, -0.3 mM. Other blood tests were

(Fresenius Vial, Brezins, France). Anesthesia was maintained

within normal ranges, except the hemoglobin concentra-

with 0.7 minimum alveolar concentration of sevoflurane in

tion, which was 8.6 g/dL.

an air/O2 mixture and an effect-site remifentanil concen-

The baby was in a breech position, and amniotic fluid

tration of 2 ng/mL. ECMO flow was maintained between 3.0

was leaking from the mother’s vagina because of premature

and 4.0 L/min. Although advancing a Swan-Ganz catheter

rupture of membranes. After consulting and discussing with

in the pulmonary artery failed because of severe pulmonary

the cardiac surgeon, emergency cesarean section under

valve stenosis, the right ventricular pressure increased, be-

general anesthesia with ECMO (Capiox Emergency Bypass

coming similar to the left ventricular systolic pressure (Fig. 2).

System; Terumo Inc., Tokyo, Japan) support was indicated.

When performing the incision of cesarean section, the

In the operating room, a cannula was inserted in the left

effect-site remifentanil concentration was increased to 5

radial artery to monitor arterial blood pressure continu-

ng/mL to alleviate the activation of the sympathetic ner-

ously. After placing a central venous catheter into the right

vous system, and ECMO support effectively decompressed

internal jugular vein, the central venous pressure was 29

the right ventricular pressure and work to prevent right

Fig. 1. Ultrasound results of our patient. (A) Severe pulmonary valve stenosis on 2D and color Doppler images. (B) Calculated maximal transvalvular pressure
gradient on continuous wave Doppler image. (C) D-shaped left ventricle on parasternal short axis view before extracorporeal membrane oxygenation
insertion.
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Fig. 2. Vital signs in our patient. (A) Development of high central venous pressure after central line insertion. (B) Following placement of the tip of the SwanGanz catheter in the right ventricle, right ventricular systolic pressure increased to a level similar to that of left ventricular systolic pressure.

ventricular dysfunction from incision-induced sympathetic

stenosis [5]. Although parturients with severe pulmonary ste-

stimulation. We tried to maintain ECMO flow at 3.0-4.0 L/

nosis are considered an intermediate-risk group, those with

min. Volume replacement was appropriately performed to

NYHA class III or IV functional capacity should be regarded

replace blood loss and prevent hypotension. Blood pressure

as a high-risk group [1]. Therefore, it is necessary to under-

was continuously monitored, and the targeted mean blood

stand the pathophysiology of pulmonary valve stenosis and

pressure was 60-70 mmHg. Cesarean section was success-

it is affected by pregnancy.

fully completed. Hemodynamic variables were well-main-

Pulmonary stenosis leads to obstruction of the right ven-

tained throughout the perioperative period using ECMO

tricular outflow, increasing right ventricular pressure and

support. A healthy female neonate was delivered with Apgar

work. Sustained high pressure on the right ventricle induces

scores of 8 at 1 minute and 9 at 5 minutes. The patient was

right ventricular hypertrophy. Chronic overloading of the

infused with 1.3 L of crystalloid solution and 500 mL of 5%

right ventricle can cause right-sided cardiac failure. Several

albumin, and was transfused with 4 units of packed red

types of cardiovascular changes result in the deterioration

blood cells. The estimated blood loss was about 1.0 L. In the

of right ventricular function in parturients. First, intravascu-

postoperative period, the patient was cared for in the inten-

lar volume is approximately 40% higher in pregnant women

sive care unit. To avoid hypervolemic or hypovolemic status

than in non-pregnant women. This excess preload can

after surgery, hemodynamic parameters of the patient and

aggravate right ventricular dysfunction. Second, increase in

the ECMO device were delicately monitored, and the tar-

stroke volume and heart rate can increase cardiac output by

geted ECMO flow (3.0-4.0 L/min) and mean blood pressure

approximately 40-50%, and inordinate increase in cardiac

(60-70 mmHg) were maintained. The patient was unevent-

output may induce acute cardiac decompensation. There-

fully weaned from the ECMO device 3 hours after the end of

fore, stable and safe hemodynamic management in women

the operation.

with severe pulmonary stenosis undergoing cesarean section

The patient and baby were discharged without complica-

requires maintenance of proper preload, heart rate within

tions on hospital day 6. Three months later, the patient un-

normal ranges, and prevention of reduced afterload and

derwent pulmonary valve replacement because of infective

myocardial contractility. However, these steps remain diffi-

endocarditis.

cult, as no consensus has yet been reached on the anesthetic management of patients with severe pulmonary stenosis.

DISCUSSION

Several reports describe anesthetic experiences of patients with pulmonary stenosis undergoing vaginal delivery

About 10% of patients who undergo complete repair of

or cesarean section [6-9]. The use of epidural anesthesia in

tetralogy of Fallot as children later develop severe pulmonary

a parturient with pulmonary stenosis undergoing cesarean
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section resulted in marked hypotension, junctional arrhyth-

bleeding, may be critical for a parturient with severe pulmo-

mia, and chest pain. However, the patient and infant were

nary stenosis during the cesarean section. For maintaining

healthy and had no complications after delivery [6]. Cesar-

hemodynamic stability and reducing cardiac stress, ECMO

ean section was performed using combined spinal and epi-

flow should be maintained at 80% or more of the cardiac

dural anesthesia in a patient with severe pulmonary stenosis

output even if a vasopressor or volume replacement (fluid

and a peak systolic gradient of 85 mmHg [7]. Hemodynamic

or blood products) is used [18]. ECMO effectively alleviates

parameters were well-maintained, and a healthy infant was

right ventricular pressure and work when the sympathetic

delivered. A patient with severe pulmonary stenosis (peak

nervous system is activated, resulting in reduced cardiac

gradient: 68 mmHg) successfully underwent cesarean sec-

work. Moreover, it can maintain appropriate blood pressure

tion under general anesthesia using a mixture of isoflurane

in cases of intraoperative bleeding or hypotension, thereby

and air/O2, with both the mother and baby being healthy

preventing right ventricular dysfunction from periopera-

and discharged uneventfully [8].

tive stress. ECMO maintained hemodynamic stability and

ECMO is mostly used for cardiopulmonary support in

prevented acute cardiac decompensation, suggesting that

patients with cardiogenic shock or respiratory failure. Tradi-

general anesthesia combined with ECMO could be better

tionally, ECMO has been utilized for life-threatening condi-

than other anesthetic methods for patients with severe pul-

tions in the intensive care unit but was recently found useful

monary stenosis.

as an adjuvant to anesthetize critically ill patients with high-

There are some concerns regarding ECMO support during

risk cardiopulmonary (acute respiratory distress syndrome,

cesarean section. The most common complication in pa-

end-stage lung disease requiring lung transplantation, or

tients on ECMO is bleeding. Anticoagulants, such as hep-

cardiogenic shock) or airway disease (tracheal stenosis or

arin, can induce intractable postpartum bleeding, which

obstruction) in the operating room [2-4]. Several reports

can lead to hemodynamic instability and coagulopathy,

describe the use of ECMO in pregnancy [10-14], mostly for

and occasionally death. Consequently, anticoagulants were

acute respiratory distress due to pneumonia or influenza in-

not administered in our patient. Lack of anticoagulants

fection, although only a few case reports describe the use of

may cause thromboembolism, which may result in a cata-

ECMO as an adjunct to anesthesia during cesarean section

strophic event. However, short-term use of ECMO without

[11,15].

anticoagulation reduced the rates of blood transfusion and

Although the severity of pulmonary stenosis was found to

risks of bleeding without increasing the risk of thromboem-

have little effect on maternal and fetal outcomes [16], the

bolism [19]. In the absence of systemic anticoagulation in

maximal pressure gradient of 135 mmHg in this patient was

our patient, heparin-coated circuits and a membrane oxy-

high. Furthermore, she had right ventricular dysfunction

genator were utilized to prevent thromboembolism. ECMO

and DOE (NYHA class III) combined with pulmonary steno-

was performed for 4 hours, and the patient was uneventfully

sis. As morbidity and mortality in pregnant women with un-

weaned from the ECMO device. Other reports on the use of

derlying cardiac disease have shown strong correlations with

ECMO without anticoagulants showed similar results as ours

the functional status [1], our patient was regarded as being

[19-21]. Another major concern may be the effect of ECMO

high-risk. Moreover, in a case report, a parturient with se-

on the fetus. During ECMO support in pregnancy, most fe-

vere pulmonary hypertension (maximal pressure gradient of

tuses survived [22]. A few fetuses died in cases of maternal

106 mmHg) underwent cardiogenic shock during cesarean

death or fetal hypoperfusion.

section [17]. Therefore, after consulting a cardiac surgeon,

ECMO can provide delicate adjuvant anesthetic manage-

we determined an emergency cesarean section under gen-

ment and maintain hemodynamic stability in the periop-

eral anesthesia with ECMO support in this patient.

erative period, especially in high-risk parturients with car-

The combination of ECMO and general anesthesia

diopulmonary disease. These findings suggest that general

has been used in the perioperative period for anesthetic

anesthesia with ECMO support is safe and effective in pa-

management of patients with poor cardiac tolerance. Im-

tients with severe pulmonary stenosis and right ventricular

portantly, surgical stresses, including incision and surgical

dysfunction undergoing cesarean section.
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