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STATUS ASTHMATICUS

The use of life-saving extracorporeal membrane oxygenation (ECMO)
for pregnant woman with status asthmaticus
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2Division of Pulmonology, University Hospital Zurich, Zurich, Switzerland; ®Surgical Intensive Care Unit, University Hospital Zurich, Zurich,
Switzerland; ¢Acute Care Common Stem, Broomfield Hospital, Chelmsford, UK

ABSTRACT

Introduction: Status asthmaticus can develop into a life-threatening disorder that requires mechani-
cal ventilation. Severe respiratory failure during pregnancy can worsen maternal and fetal outcomes.
Previous case studies have demonstrated extracorporeal membrane oxygenation (ECMO) as a life-
saving measure for pregnant women with acute respiratory distress syndrome (ARDS) as well as non-
pregnant patients with status asthmaticus. Case study: A 25-year-old woman, who was 5 weeks preg-
nant, was admitted with status asthmaticus and severe hypercapnic respiratory failure. Despite rescue
therapies such as pressure control ventilation with high inspiratory pressures, inhaled beta2 agonists
and antimuscarinic drugs, intravenous salbutamol, methylprednisolone and magnesium sulfate, her
condition gradually deteriorated. Veno-venous ECMO was initiated for respiratory support and the
patient’s clinical condition as well as the gas exchange improved within the next few days. ECMO was
removed and the patient was extubated after 2 days. Sonography, however, revealed a retrochorial
hematoma; the patient was diagnosed with abortus imminens and successfully treated with mag-
nesium substitution and bed rest. Finally, she gave birth to a healthy boy at 38 weeks of gestation.
Conclusions: This is the first case report on the successful use of ECMO in a pregnant woman with
severe respiratory insufficiency due to status asthmaticus, who failed to respond to invasive mechani-
cal ventilation and maximum pharmacological treatment. Despite this life-threatening condition, the
use of ECMO in our patient has greatly improved the chance of survival for the mother and the baby,
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who was born without any complications.

Introduction

Status asthmaticus is a severe life-threatening asthma
exacerbation requiring extended treatment and intensive
care management [1]. Reports on the use of veno-venous
extracorporeal membrane oxygenation (ECMO) for
status asthmaticus are limited, however it seems to be a
life-saving therapeutic option for those who were unre-
sponsive to pharmacological treatment and ventilatory
support [2-13].

In pregnancy, status asthmaticus is a very rare,
but potentially lethal, complication of long-standing
bronchial asthma [14]. The use of ECMO during preg-
nancy has been relatively limited [15,16]. To the best of
our knowledge, this is the first report of a successful use
of ECMO in a pregnant woman with status asthmaticus.

Case report

A 25-year-old woman with bronchial asthma, which was
diagnosed in her childhood, had sudden onset of dyspnea
during her sleep. An ambulance was called as there was

no improvement in her symptoms after inhaled salbuta-
mol and 50 mg oral prednisolone. Additionally diarrhea
occurred. The ambulance arrived 15 minutes later and
she was found unconscious (Glasgow coma scale 5) with
a peripheral capillary oxygen saturation (SpO,) of 45%
on air. After tracheal intubation and commencement of
mechanical ventilation with 100% oxygen, she was trans-
ferred to the emergency department. The patient’s medi-
cal history revealed multiple food allergies and history of
bronchial asthma since her childhood with the last exacer-
bation during her first pregnancy 24 months prior. Preg-
nancy test was positive. On lung auscultation there was
bilateral wheezing; a chest X-ray showed an elevated right
diaphragm, correct position of the tracheal tube and no
sign of pneumothorax (Figure 1).

Diaphragm elevation is only moderate, caused by
atelectasis of the right lung base. However, a repeat chest
X-ray revealed complete resolution of this finding. Arte-
rial blood gas analysis showed pH of 6.84, pCO, of
135 and pO, of 168 mmHg. Despite significantly high
inspiratory pressures up to 50 cmH,O, tidal volumes
only ranged from 200 to 280 ml and arterial oxygen
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Figure 1. Initial chest X-ray shows correct position of the tracheal tube and an elevated right diaphragm without signs of pneumothorax

or infiltrates.

saturation eventually declined. Reduction of inspiratory
pressure to a level lower than 40 cmH,O resulted in an
immediate oxygen desaturation with tidal volumes reduc-
tion to 100 ml. Since her clinical condition and the gas
exchange did not improve to an acceptable value despite
maximum pharmacological therapy (inhaled beta2 ago-
nists and antimuscarinic drugs, intravenous salbutamol,
methylprednisolone, and 2.5 g magnesium sulfate), the
decision was made to initiate respiratory support with
veno-venous ECMO. A 24 F drainage cannula was placed
in the right femoral vein and an 18 F cannula was placed
into the right internal jugular vein.

A Rotaflow console/ drive unit with PLS-system
(Maquet) was used for ECMO, the initial pump flow
was set to 3.4 L/min and 100% oxygen supply. Using

Table 1. Serial arterial blood gas values over time.

this method, gas exchange and acidosis could be cor-
rected rapidly under protective ventilation (Table 1). A
flexible bronchoscopy was unremarkable and no cause
of atelectasis was identified. The patient was anticoagu-
lated with intravenous unfractionated heparin titrated to
an active clotting time between 120-180 seconds. Seda-
tion was maintained with midazolam, propofol and sufen-
tanyl. Blood pressures remained stable with continu-
ous norepinephrine infusion with a maximum dosage of
12 pg/min. An empiric antibiotic therapy with amox-
icillin/clavulanate was initiated; bronchodilator therapy
with salbumatol, ipratropium and methylprednisolone
was continued.

In the course of the following 2 days, the recovery
of the lungs allowed a continuous reduction of pump

30 min before 10 min after ECMO 90 min after ECMO 9 h after ECMO
Arrival at ER ECMO insertion 04.30 h—-05.00 h am insertion insertion insertion
pH 6.84 6.95 Insertion of ECMO 7.01 7.26 7.28
pCOZ, mmHg 136 15 32 46 33
pOZ, mmHg 168 92 391 125 13
HCO,_, mmol/l 215 23.9 9.8 20.2 231
Lactate, mmol/I 44 1.5 0.6 12 23
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Figure 2. Before discharge from hospital finding of chest X-ray was normal. The elevated right diaphragm declined.

flow and oxygen supply, enabling an early de-cannulation
from ECMO. A few hours later the patient was extubated
and she was transferred to the respiratory ward. Chest
X-ray was normal without signs of diaphragm elevation
(Figure 2). Intravenous corticosteroids were switched to
oral prednisolone (40 mg per day) and patient was started
on regular inhalative budenoside/formoterol. Pregnancy
at 5 weeks of gestation was confirmed by obstetrical ultra-
sound; however, it also showed a retrochorial hematoma
and an abortus imminens was diagnosed. After mag-
nesium substitution and bed rest the hematoma was
resolved, she was discharged home after 9 days of hospital
stay.

Three weeks after being discharged from hospital,
her pulmonary function test revealed normal lung vol-
umes without signs of bronchial obstruction, and the
measurement of fractional exhaled nitric oxide (FeNO)
showed only mildly elevated values (27 ppb). Weekly pul-
monary follow-up examinations during the time of preg-
nancy were uneventful, allowing gradually tapering of
the daily prednisolone dose. Because of full controlled
asthma oral prednisolone was stopped, but inhaled budes-
onide 200 g combined with formoterol 6 j1g bi-daily was
continued. The obstetrical follow-up examinations were
unremarkable, and she gave birth to a healthy baby at
38 weeks of gestation. Ten weeks thereafter, there were
still no respiratory symptoms and peak flow values were

stable, thus the inhalation therapy was changed to an on-
demand mode. In the following 2 years, this on-demand
therapy was used only about one per month.

Discussion

We describe the case of a successful use of ECMO in a
pregnant woman with hypercapnic and hypoxic respira-
tory failure due to status asthmaticus, which could not
be sufficiently controlled with mechanical ventilation and
pharmacological therapy. The abrupt onset of shortness of
breath and diarrhea during the sleep in this patient with
food allergies and known asthma could demonstrate a
severe anaphylactic reaction with delayed bronchospasm.
Other causes of respiratory failure such as pulmonary
embolism seemed unlikely, since pretest probability by
using the Geneva score was low, and the patient had typ-
ical obstructive lung auscultation and hypercapnic respi-
ratory failure. On chest X-ray there was no evidence of
pneumothorax or infiltrates. In the first hours after initia-
tion of ECMO low dose vasopressor treatment for low was
required, which was most possibly due to impaired left
cardiac output caused by asthma-related hyperinflation.
Anaphylactic shock could be another reason for arterial
hypotension in this scenario. However, lactate levels were
only moderately elevated and decreased after initiation of
ECMO.



ECMO is an established treatment option in patients
with cardiogenic shock or respiratory failure like acute
respiratory distress syndrome (ARDS), unresponsive to
medical therapy [17,18]. ECMO can be applied by two
ways for cardiac or respiratory failure. The arterio-venous
bypass, used in life-threatening cardiac failure like a car-
diac shock or decompensated cardiac myopathy provides
simultaneously pulmonary support. ECMO can also be
inserted in a veno-venous access supporting oxygena-
tion for pulmonary failure as in severe cases of pneumo-
nia, ARDS or as a bridge to lung transplantation [15,16].
As a temporary respiratory support, ECMO stabilizes
gas exchanges while reducing lung injuries induced by
mechanical ventilation [2,5,6].

Presently reports about pregnant patients requiring
ECMO support because of respiratory failure are rare.
King et al. reported on a successful use of ECMO in a
woman at 25 weeks of gestation who suffered from an
ARDS [17]. Another successful application of ECMO was
published only recently by Grasselli et al. in a woman at 27
weeks suffering from ARDS due to HIN1 infection [18].
The Australian ANZIC group reported in their cohort
study, that 9 of 64 pregnant women with HINTI infection
received ECMO support with an overall survival of 67%
(6 of 9 patients) [19]. The main complications related to
the use of ECMO were hemorrhagic diathesis and difficult
access to vessels due to caval compression by the gravid
uterus [20].

Pregnancy in asthmatic patients is a known risk factor
for asthma exacerbations and worsening asthma symp-
toms [14]. However, there is no data about the use of
ECMO in pregnant woman with status asthmaticus. The
successful use of ECMO in non-pregnant patients with
status asthmaticus have been already reported [2-13].
Status asthmaticus is a reversible pulmonary disease
but could be life-threatening when it is unresponsive
to mechanical ventilation und maximal pharmacological
therapy [5]. Barotrauma and subcutaneous emphysema
due to hyperinflation by high positive airway pressure
ventilation and hypotension induced to low venous return
limit the use of mechanical ventilation in status asthmati-
cus [9]. ECMO not only prevents these adverse effects, it
also enables pulmonary hygiene that could be life-saving
in the case of an asthma-associated plastic bronchitis [12].
Several published cases reported the use of ECMO for
status asthmaticus between 1981 and 1997 with duration
between 8 hours and 8 days. Adverse effects were subcu-
taneous hematoma and massive intrapulmonary hemor-
rhage [6]. The use of ECMO in status asthmaticus as a
potentially reversible pulmonary disease seems to be asso-
ciated with improved survival compared to other indica-
tions for ECMO [8]. Although potential adverse effects
induced by ECMO such as hemolysis, hemorrhage, and
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thrombus formation persist, further studies to investigate
if the early initiation of ECMO before intubation should
be considered are required [13].

Conclusion

Referring to our case, we recommend the use of ECMO as
alife-saving therapeutic measure in pregnant women with
status asthmaticus, when respiratory impairment cannot
be controlled, despite optimal pharmacological therapy
and mechanical ventilation. The risk of haemorrhagic
complications such as retrochorial hematoma needs to be
taken into account.
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