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    A 21-year-old African woman was transferred to our 
intensive care unit (ICU) because of adult respiratory dis-
tress syndrome (ARDS). The patient had a history of sickle 
cell disease, malaria during childhood, and a miscarriage 
in early 2009. She was gravida 2 para 0, on her 23rd week 
of gestation. She had been well until 8 days before admis-
sion when fever, cough with yellow sputum, sore throat, 
and muscle aches developed. She was first treated at home 
with paracetamol and codeine. 

 Four days before her transfer to our hospital, she was 
admitted to a local hospital because of shortness of breath 
and fever (39.1°C). On physical evaluation, pulse was 116 
beats per minute, blood pressure 120/70 mmHg, pulse oxy-
gen saturation 89% while she was breathing room air, and 
her temperature was 38.2°C. Throat was erythematic and 
bilateral sibilant rales were audible. 

 Routine laboratory analyses (in  Table 1            ) were charac-
terized by increased C-reactive protein (CRP), lymphope-
nia, and abnormal liver tests   . Chest X-ray showed a left 
inferior lobar pulmonary consolidation. Abdominal echog-

raphy showed no relevant findings.  Streptococcus pneumo-
niae  and legionella urinary antigens were negative. 

 The first rapid test for H1N1 influenza was negative 
and a sample for 2009 H1N1 influenza real-time reverse-
transcriptase-polymerase-chain-reaction assay was sent to 
the reference laboratory for influenza (Bordet Institute, 
Brussels). This result, received 96 hours later, was positive. 
She received amoxicillin, paracetamol, and nebulized bron-
chodilators and was transferred to the gynecology ward. 

 She was admitted to the local intensive care unit 3 days 
before her transfer to our institution because of an increas-
ing dyspnea and persisting fever. She was hemodynami-
cally stable and had a respiratory rate of 34 breaths per 
minute   . Temperature was 37.9°C. Pulmonary auscultation 
was unchanged. 

 Blood gases, shown in  Table 2                 , revealed a mild hypox-
emia with respiratory alkalosis while she was breathing 
oxygen at a rate of 4 L per minute. Repeated chest X-ray 
showed bilateral infiltrates with a predominance on the 
basal lobes. Complete blood count showed anemia, lym-
phopenia, and thrombocytopenia. CRP and liver enzymes 
continued to rise (see  Table 1 ). 

 Non invasive mechanical ventilation through a facial 
mask was initiated and antibiotics were switched from 
amoxicillin to cefuroxime. One day before her transfer 
to our ICU, blood gases revealed severe hypoxemia (see 
 Table 2 ). She was intubated and mechanical ventilation 
(MV) was further managed in volume control mode with 
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a tidal volume of 9 mL/kg of predicted body weight, respi-
ratory rate of 16 per minute   , positive end expiratory pres-
sure (PEEP) of 10 cm H20, and plateau pressure (P plat) of 
24 cm H2O. The pseudo-static pulmonary compliance was 
38 mL/cm H2O. 

 Cefuroxime was stopped and she received ceftriaxone, 
clarithromycin, and oseltamivir, 75 mg twice a day because 
of a suspicion of 2009 H1N1 infection. Her gas exchanges 
continued to deteriorate with development of a respira-
tory acidosis and persisting hypoxemia despite ventila-
tion with a fraction of inspired oxygen at 1, high PEEP, 
and curarization. The patient was transferred to our insti-
tution for possible extracorporeal membrane oxygenation 
(ECMO). 

 On examination, heart rate was 140 beats per minute 
and her blood pressure 126/58 mmHg without vasopressive 
drugs. Acute Physiology and Chronic Health Evaluation II 
score was 21 and Sequential Organ Failure Assessment 
   score 8. 

 She had a severe hypoxemia with profound respiratory 
acidosis when on pressure control ventilation with tidal vol-
ume of 8 mL/kg of predicted body weight, respiratory rate 
of 25 per minute   , PEEP of 10 cmH20, P plat of 32 cmH2O. 

The pseudo-static pulmonary compliance had decreased to 
18 mL/cmH2O (see  Table 2 ). 

 A 21 F percutaneous cannula (Biomedicus ® , Medtronic, 
Minneapolis, MN) was inserted in the right femoral vein for 
blood drainage and a 19 F return cannula (Biomedicus ® , 
Medtronic) was percutaneously placed in the right jugular 
vein. The circuit was composed with 3/8″ polyvinyl chlo-
ride tubing (Raumedic, Munchberg, Germany), a centrifu-
gal pump (Revolution ® , Sorin, Milan, Italy) and a hollow 
fiber membrane oxygenator (Hilite 7000 ® , Medos, Stolberg, 
Germany). All parts were heparin-coated with the manu-
facturers’ specific methods   . The circuit was primed with 
1 L of crystalloid solution (Plasmalyte    ® , Baxter Healthcare 
Corp., Deerfield, IL). 

 Pump flow was set at 4.44 L/min, FiO2 at 1, and sweep 
gas at 7 L/min. The ventilator was set in pressure control 
mode aiming at a peak pressure of 28 cmH2O, a PEEP of 
12 cmH20, and a respiratory rate of 6 per minute. Tidal vol-
ume was 4.81 mL/kg of predicted body weight and pseudo-
static pulmonary compliance was 15.44 mL/cmH2O. Blood 
gases improved rapidly (see  Table 2 ). 

 One day after the initiation of ECMO, FiO2 was at .8 
on MV. We further decreased on MV the FiO2 at .5 and 
PEEP at 10 cmH2O 4 days after her transfer and 1 day 
later, we stopped the muscle paralysis. FiO2 on ECMO was 
at .8 seven days after her admission in our ICU. On day 9, 
FiO2 on MV was at .4 and on ECMO at .21 and we decided 
to stop the ECMO. During its use, neither the pump flow 
nor any part of the circuit was changed. 

 She received a total of 2536 mL of packed red cells mainly 
because of epistaxis and oozing from cannulas, while on 
heparin, given for an activated partial-thromboplastin time 
(aPTT) between 40 and 50 seconds (normal range = 22–33 
seconds in our institution). Fresh frozen plasma and throm-
bocytes were not transfused. 

 As 2009 H1N1 influenza infection was confirmed by 
polymerase chain reaction    and by serologic analysis, osel-
tamivir was continued for 5 days. Sedation was stopped on 
day 12 and she was extubated on day 13, left our ICU on 
day 16, and hospital on day 28. On day 9 after her transfer, 
she had bacteraemia with  Staphylococcus  epidermidis with 

 Table 2.   Evolution of blood gases. 

Day 3 Before 
Transfer in our 
ICU 4 LO2/min

Day 1 Before Transfer 
in our ICU, Before 
MV 15 LO2/min

Day 1 Before 
Transfer in our 

ICU, on MV

Day 0 Before 
Transfer in our 

ICU, on MV
Day 0 Pre 

ECMO
Day 0 on 
ECMO

Day 8 Before 
Termination of 

ECMO

Day 12 
Before 

Extubation

Partial pressure of 
oxygen (mmHg)

60.4 41.2 71.4 75.7 75.7 70.0 74.0 77.0

Partial pressure of carbon 
dioxide (mmHg)

30.0 30.2 41.9 49.8 85.0 31.0 30.0 29.0

pH 7.46 7.40 7.28 7.23 7.08 7.37 7.49 7.46
Bicarbonate (mEq/liter) 20.0 20.0 20.0 19.5 24.0 17.0 23.0 20.0
Arterial oxygen 

saturation (%)
88.5 75.4 91.0 91.9 83.9 92.7 93.7 95.0

 Table 1.   Evolution of laboratory results   . 

Day 4 Before 
Transfer in 

our ICU

Day 3 
Before 

Transfer
Day 0 in 
our ICU

Hemoglobin (g/dL) 9.8 9.4 8.0
Platelet count (per mm 3 ) 120,000 103,000 90,000
White-cell count (per mm 3 ) 4040 4790 7920
Lymphocytes (per mm 3 ) 340 390 2000
C-reactive protein (mg/dL) 5.41 6.88 3.20
Aspartate aminotransferase (U/liter) 746 1308 328
Alanine aminotransferase (U/liter) 737 1005 311
Gammaglutamyltranspeptidase 

(U/liter)
168 281 243

Total bilirubin (mg/dL) 1.1 1.7 3.3
Activated partial-thromboplastin 

time (sec)
Not done 50.3 31.0

Prothrombin time (sec) Not done 66.0 10.9
International normalized ratio Not done 1.4 1.0
Fibrinogen (mg/dL) Not done 329 246
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positive central venous catheter without any hemodynamic 
instability. 

 During the course of her ICU and hospital stay, the 
fetus’s development was regularly monitored by obste-
tricians with ultrasounds. No abnormalities were shown. 
A fetal cerebral magnetic resonance imaging performed 
during the 31 weeks of pregnancy and coupled with ultra-
sounds was normal. After 39 weeks and 6 days of gesta-
tion, a female infant was born from spontaneous vaginal 
delivery with a percentile 25 for weight, 35 for height. 
Apgar score was 9, 10, and 10 at 1, 5, and 10 minutes. At 
1 year follow-up, her child had no neurological or clinical 
abnormalities. 

  DISCUSSION 

 ECMO for ARDS due to 2009 H1N1 influenza A virus 
has been successfully used even during pregnancy (1). 
However, to the best of our knowledge, there are no avail-
able data reporting good outcomes for both the mother and 
her child when ECMO was used for H1N1 influenza A. 

 Pregnancy is associated with 2009 H1N1 infection 
and ICU mortality is high. A mortality as high as 44% is 
reported by Louie and al, especially due to delayed anti-
viral treatment and false negative rapid influenza test-
ing (2). Nineteen to 33% of pregnant women and 50% of 
women in postpartum who were admitted to the hospital 
for 2009 H1N1 infection were transferred to ICU and more 
than 70% of these needed mechanical ventilation (2). Our 
patient had a negative rapid influenza test on admission 
in local hospital and antiviral treatment was given 6 days 
after the onset of symptoms. 

 ARDS, defined by the American-European consensus 
conference, is an acutely impaired oxygenation (PaO2/
FiO2 < 200) with bilateral opacities on frontal chest X-ray 
in the absence of left atrial hypertension (pulmonary artery 
occlusion pressure less than 18 mmHg if a pulmonary artery 
catheter is present). Physiologic changes occurring during 
pregnancy must be kept in mind when dealing with ARDS. 
Due to the effect of progesterone on the central respira-
tory drive, these patients have a chronic compensated 
respiratory alkalosis with higher tidal volume (rise of 47%) 
and a fall of paCO2 (mean value of 30–32 mmHg) associ-
ated with an increase in oxygen uptake (rise of 21%) (3). 
Furthermore, they have an increased red cell mass and a 
disproportionate increased plasma volume resulting in a 
dilutional anemia and a decrease in plasma oncotic pres-
sure with subsequent soft tissue edema. Cardiac output is 
increased and after 20 weeks, the uterus is large enough to 
compress inferior vena cava and induced hypotension and 
tachycardia. 

 There is a difference of 24 mmHg in oxygen pressure 
between fetal and maternal blood, as blood passes through 

the placental capillaries (4). Maternal hypoxia is a well 
known risk factor, which results in intrauterine growth 
retardation and death. A paO2 in the range of 70 mmHg 
or more is considered safe (3). The lowering of mater-
nal paCO2 increases its transplacental gradient to about 
8–10 mmHg enabling it to be more readily transported 
from the fetus (4). Maternal paCO2 of 15 mmHg with 
pH of 7.65 creates a fetal paO2 fall due to a diminished 
uterine blood flow because of vasoconstriction of uterine 
arteries (4). 

 The consequences of high paCO2 on the fetus are, how-
ever, not well known. Limited data suggests that maternal 
hypercapnia up to 60 mmHg, in the presence of adequate 
oxygenation, may not be detrimental to the fetus (5). 
When the pregnant patient must have mechanical ventila-
tion because of ARDS, protective lung ventilation is rec-
ommended using the non-pregnant predicted body weight 
but gestational age-appropriate blood gas targets (3). 
Because there is a decrease in chest wall compliance as 
pregnancy progresses, higher plateau pressure could be used 
(>35 cmH2O) (5). 

 Rescue treatments for severe hypoxemia are often 
needed in ARDS. Lung recruitment can be obtained with 
high level of PEEP, brief high inspiratory pressure, or 
prone position. Corticosteroids, inhaled nitric oxide, high-
frequency oscillatory ventilation, airway pressure release 
ventilation, and ECMO can also be used. During preg-
nancy, all these rescue treatments are described but only in 
case series of selected patients (3). 

 Case reports confirmed that ECMO for ARDS in preg-
nant patients improves survival (6). Recent studies, such 
as the CESAR study, demonstrated a survival benefit in 
patients treated with ECMO for ARDS as compared to 
conventional ventilation (7). Time on mechanical ven-
tilation before ECMO was an independent factor of 
mortality. 

 During the 2009 H1N1 influenza pandemic, ECMO was 
also used. In a Canadian study evaluating the 168 con-
firmed or probable 2009 H1N1 infection cases admitted 
in ICU (8), 136 patients were on mechanical ventilation 
(81%) and seven were on ECMO (4.2%). ECMO was used 
for an average time of 10–15 days (1). Overall mortality 
was 17.3% and no specific detail of mortality in the ECMO 
subgroup was given (8). 

 The Australian and New Zealand (ANZ) investiga-
tors    of the ANZ ECMO group showed that 456 patients 
with 2009 H1N1 infection had mechanical ventilation rep-
resenting 64.6% of the ICU H1N1 population, and 53 of 
them were treated with ECMO, representing 11% of the 
intubated patients (9). Looking specifically at the ECMO 
patients, the ANZ ECMO investigators showed that 9% 
of these patients were pregnant women (1). No data were 
presented on fetus outcome. Complications were bleed-
ing (54%) and infection (62%). ECMO was often used 



78

JECT. 2011;43:75–78

P. COUROUBLE ET AL.

for inter-hospital transfer. Mortality was low (23%) but 
several patients were still in ICU at the time of their 
reporting. 

 Concerns exist about placement of ECMO’s cannulas 
because of the enlarged uterus and the need for anticoagu-
lation. When setting the ECMO’s flow in pregnant patients, 
we have to keep in mind that the maternal cardiac output 
increases progressively from as early as 5 weeks gestation 
and reaches 30–50% above baseline levels by about 28 
weeks (5). 

 So far, we have not found answers concerning the ideal 
cannula placement and the ideal flow rates for the vari-
ous stage of pregnancy. ECMO was removed on day 9, 
and extubation was done on day 13. She delivered after 39 
weeks and 6 days of gestation and the baby had an intact 
neurological examination. 

 Antiviral vaccine should be given to pregnant women 
because of the higher risk of morbidity and mortality of 
this group. Aggressive antiviral treatment and close moni-
toring should be done for pregnant women with suspected 
or confirmed influenza and for those who have delivered 
within the previous 2 weeks (2). This case report dem-
onstrates that ECMO can be used with success as a res-
cue therapy for ARDS even in pregnancy in specialized 

tertiary hospitals with good outcome for both the mother 
and the newborn. 

     REFERENCES 

  1.   The Australia and New Zealand Extracorporeal Membrane 
Oxygenation (ANZ ECMO) Influenza Investigators. Extracorporeal 
membrane oxygenation for 2009 influenza A (H1N1) acute respira-
tory distress syndrome. JAMA. 2009;E1–7.  

  2.   Louie JK, Acosta M, Jamieson DJ, Honein MA. Severe 2009 H1N1 
influenza in pregnant and postpartum women in California. N Engl J 
Med. 2010;362:27–35.  

  3.   Cole DE, Taylor TL, McCullough DM, Shoff CT, Derdak S. Acute 
respiratory distress syndrome in pregnancy. Crit Care Med. 2005;
33(10 Suppl):S269–78.     

  4.   MacRae DJ. Maternal influence on foetal acid-base balance. Proc R 
Soc Med. 1968;61:490–1.  

  5.   Lapinsky SE. Cardiopulmonary complications of pregnancy. Crit 
Care Med. 2005;33:1616–22.  

  6.   Cunningham JA, Devine PC, Jelic S. Extracorporeal membrane oxy-
genation in pregnancy. Obstet Gynecol. 2006;108:792–5.  

  7.   Peek GL, Tiruvoipati R, Wilson A, et al. Efficacy and economic assess-
ment of conventional ventilatory support versus extracorporeal mem-
brane oxygenation for severe adult respiratory failure (CESAR): A 
multicentre randomised controlled trial. Lancet. 2009;374:1351–63.  

  8.   Kumar A, Zarychanski R, Pinto R, et al. Critically ill patients with 2009 
influenza A (H1N1) infection in Canada. JAMA. 2009;302:1872–9.  

  9.   The ANZIC Influenza Investigators. Critical care services and 2009 
H1N1 influenza in Australia and New Zealand. N Engl J Med. 
2009;361:1925–34.    


