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1. Introduction

Influenza A (H1N1), described as epidemic in June 2009 [1], was
declared the first pandemic of this century, due to reports of high
morbidity and mortality, and sustained transmission in many
countries [2e4]. Alerts about the increased risk factors (e.g., preg-
nancy, coexisting diseases, childhood, age, and inability to perform
self-care) were also assessed. Physiological and anatomical changes
that occur during pregnancy can affect the known clinical presen-
tation of respiratory signs and symptoms, masking the adequate
diagnosis, and delaying the treatment [5,6]. In addition, pregnancy
may increase the risk of severe influenza-associated complications,
supporting to the recommendation to promptly treat pregnant
women with H1N1 infection [7]. In severe cases of Influenza A
(H1N1) infection, admission to an intensive care unit (ICU) is rec-
ommended. Approximately 9e31% of the hospitalized patients
were admitted to an ICU, with a mortality rate ranging from 14 to
46% [3,4,8,9]. From July 2009 to January 2, 2010, 44,544 cases of the
disease and 2051 deaths were reported in Brazil [10]. H1N1 infec-
tion is therefore a possible cause of acute respiratory distress syn-
drome (ARDS).

The prevalence of ARDS during pregnancy has been estimated as
16 to 70 cases per 100,000 pregnancies [11]. Non-obstetric causes of
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ARDS include sepsis, intracerebral hemorrhage, blood transfusion,
trauma, and also H1N1 infection. Overall mortality for both the
mother and fetus is high, and significant morbidity can persist even
after recovery. Mortality due to ARDS during pregnancy is not
significantly different than that in non-pregnant patients (23%e
39%), and is associated with marked perinatal morbidity and a high
rate of fetal loss (23%) [11].

Treating ARDS during pregnancy follows that for the general
population and includes providing supportive care while identi-
fying and treating the underlying cause. Once conventional lung-
protective mechanical ventilation fails, alternative approaches
including the use of high-frequency oscillatory ventilation, lung
recruitment maneuvers, prone positioning, and inhaled nitric oxide
can be used, without reducing mortality in the general population
[11]. However, strategies commonly used in non-pregnant patients
might not be acceptable during pregnancy [12]. Extracorporeal
membrane oxygenation (ECMO) can be used in patients with ARDS
and refractory hypoxemia as salvage therapy [13]. The benefit of
ECMO over lung-protective strategies using conventional ventila-
tion remains controversial [14,15], and there are no high-quality
data on its use in pregnancy. Observational data from the 2009
H1N1 pandemic suggested that ECMO may play a crucial role in
younger patients with refractory hypoxemia resistant to conven-
tional lung-protective mechanical ventilation strategies [16].

Here, we report the maternal clinical course, treatment, and
fetal outcome of an H1N1 infected pregnant woman with severe
outcomes, and the successful use of ECMO.
2. Case report

Previously healthy 30-year-old white Brazilian woman (G1P0),
at 27 weeks of gestation, attended in the emergency department
with a 5-day history of progressive dyspnea, lethargy, and fever.

Clinical examination revealed a gravid uterus, consistent with
gestational age, initially treated as bacterial pneumonia, with
coverage for H1N1 (Amoxicillin plus Clavulanate 1g TID (three
times a day), Clarithromycin 500mg BID (twice daily), and
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Oseltamivir 75mg BID, after allocated in ward. She had no auscul-
tatory findings, and chest X-ray showed consolidation in the base of
the left hemithorax (Fig. 1a). Fetal ultrasound had no alteration.

About 4 hours after hospitalization, due to worsening of dys-
pnea, associated with an increased demand of supplemental oxy-
gen, the patient was transferred to the ICU, and started continuous
non-invasive ventilation (NIV) using a full-face mask (10 L/min O2).
Since there was an unsatisfactory clinical and laboratorial response
after 3 hours under NIV, we chose for elective endotracheal intu-
bation. After 12 hours of ICU admission, the patient presented se-
vere hipoxemia, (PaO2/FiO2 <80), setting ARDS criteria (PaO2/FiO2
<200) [17] [Fig. 1b]. It was performed, after neuromuscular
blockade, alveolar recruitment, but there was no adequate
response. It was also attempted a semi-pronation position (900) to
the left, with new alveolar recruitment. Both attempts did not show
satisfactory improvement in oxygenation.

After 24 hours hospitalization, having exhausted the ventilatory
strategies to improve blood oxygenation, we indicated veno-
venous ECMO installation, through cannulation of the right inter-
nal jugular vein and the right femoral vein. On that moment, the
patient presented a preserved cardiac function, through echocar-
diogram, corroborating the choice of venous-venous ECMO.

Prior to ECMO installation, along with the obstetrician, and the
ECMO team, we decided not to interrupt the gestation. The fetus
viability was daily monitored (daily cardiac rhythm evaluation and
bedside ultrasound) and it was administrated 48 hours of beta-
methasone, for fetal lung maturation, just in case of an emergency
delivery became needed.

After 4 days under ECMO, the patient presented increased white
blood cell count, and new culture samples were obtained. The
previous antibiotics were replaced by Piperacillin-Tazobactam, and
Oseltamivir was continued. Tracheal aspirates showed an Amoxi-
cillin and Clavulanate resistant Enterobacter. Seven days after ECMO
installation the patient still presented with an important impair-
ment of lung function, and we associated Methylprednisolone
(2mg/kg), maintained until extubation.

The patient remained 9 days under ECMO and 11 days under
mechanical ventilation, achieving a significant improvement in
lung function [Fig. 2]. Forty-eight hours after ECMO cessation, pa-
tient was extubated, still requiring intermittent NIV during the 6
following days, until ICU discharge. The patient was discharged
after 21 days of hospitalization, with the current pregnancy (30
weeks), with fetal ultrasound demonstrating normodramnia and
fetal biometry compatible with the gestational age.

Following hospital discharge, the antenatal evaluation was
Fig. 1. A - Chest X-ray on admission day, before ICU admission. B - Chest X-ray 24 hours af
membrane oxygenation (cannulation of right internal jugular vein).
performed regularly, uneventfully. Caesarean sectionwas electively
performed at 38 weeks of gestation, resulting in the delivery of a
healthy male infant.
3. Discussion

The recent case report illustrates a severe course of an H1N1
infection. This provides further evidence to the notion that preg-
nant women are at a high risk for dangerous and complicated
course of H1N1 infection. H1N1 has a predilection for younger
women (median age 26 years), multiparous, in the first or second
trimester of pregnancy. Comorbidities may increase the risk for a
severe course of the H1N1 infection [18].

In this case, five days prior to hospital admission the patient
already presented an evolution of symptoms without suspicion of
H1N1 infection, delaying antiviral therapy institution, which may
have contributed to the severity of the case. It is well known that
early introduction of antiviral therapy (oseltamivir or zanamivir)
improves the chances for successful treatment. The time from
symptom onset to initial presentation for clinical care usually
ranges from 1 to 7 days [18]. Themedian start of antiviral treatment
is at 6 days and the delayed treatment is associated with admission
to ICU and death [19]. Severe pneumonia and ARDS are the most
important complications of influenza, and 19% of the ICU admis-
sions in pregnant women are due to ARDS ( [18,20]. ARDS sec-
ondary to H1N1 infection is characterized by severe hypoxemia and
need for mechanical ventilation [21]. The mortality rate among
pregnant women with H1N1 infection was 25%, and was also
observed an increased risk of H1N1 influenza infection during the
third trimester of pregnancy [22].

The obstetric and neonatal consequences of H1N1 infection
significantly increase the need for cesarean section, mainly due to
worsening maternal conditions. In a review of 28 pregnant women
with ARDS, Catanzarite et al. suggested that delivery is indicated
during the third trimester of pregnancy or in case of deteriorating
maternal conditions [23]. Other authors caution against routine
delivery, emphasizing that the risks associated with labor or ce-
sarean delivery may be unacceptably high [24] [25]. Cesarean
section did not seem to worsen maternal conditions, because
intensive management for maternal hypoxia, including ECMO, also
led to better than expected outcomes when compared with the
usual 30e35% mortality rate reported for ARDS.

The neonatal ICU admission rate also increased, mainly because
of preterm deliveries that comprised almost exclusively fetuses
from themost severely ill pregnant women, but neonatal morbidity
ter hospital admission, under mechanical ventilation and veno-venous extracorporeal



Fig. 2. Chest computed tomography, performed when the patient had achieved clinical conditions to do the exam, ten days after hospital admission. The patient had significant
improvement in lung function, without ECMO use, but still under mechanical ventilation. Chest computed tomography shows diffuse and bilateral interstitial infiltrates.
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and mortality have remained extremely low. These data are very
important because they were collected from infants delivered by
mothers treated with Oseltamivir, thereby reinforcing data on the
safety of this antiviral during pregnancy [26].

Experience with ECMO in pregnancy is limited. Before the
influenza pandemic, ECMO had been described only in a few ob-
stetric patients with ARDS from different causes. In the Australian
and New Zealand Intensive Care Society (ANZIC) group experience,
9 of the 64 (14%) critically ill pregnant women received ECMO, and
6 of them (67%) survived [27]. The same Australian group analyzed
retrospectively the clinical course of 12 pregnant or postpartum
women treated with ECMO in seven tertiary centers, reporting a
high rate of hemorrhagic complications that caused the death of
three women, whereas ECMO circuit-related complications were
rare; 66% of these patients survived, and the infants' survival rate
was 71% [28].

The main technical problems expected with ECMO in pregnancy
are the difficult blood drainage because of caval compression by the
gravid uterus, which may require the placement of additional
venous cannulas, and the need of an emergency delivery [29]. In
our patient a femorojugular bypass was used, blood was drained
through a femoral cannula of very large caliber (25 F), and the
patient was kept preferentially in left lateral decubitus, allowing an
effective ECMO.

Patients on ECMO need to be systemically anticoagulated.
Heparin has no effect on the fetus because it does not cross the
placental barrier, whereas the risk of obstetric hemorrhagic com-
plications is increased.

The efficacy and safety of corticosteroids in patients with serious
respiratory complications from influenza virus is unclear. A recent
study showed an improved outcome of patients with ARDS from
H1N1 or type B influenza virus receiving early corticosteroids [30].
Despite this, current meta-analysis does not recommend adjuvant
steroid administration [31].

The present case and literature review confirm ECMO feasibility
during pregnancy, as an effective and relatively safe tool for the
mother and fetus, with better outcomes than those achieved with
standard of care. In our patient, emergency delivery was consid-
ered, but no signs of fetal distress were evident while the risk of a
surgical procedure was extremely high. Therefore, we decided to
postpone the delivery, considering ECMO support the best option
to warrant the highest chance of survival to the mother and fetus.

Given the complexity of this clinical scenario (interplay of
mother's disease, fetal conditions, and ECMO-related morbidity),
issues remain about the timing of ECMO implantation and the
management of gestation. Thus, it is clear that this kind of decision
is extremely challenging and has to be made on a case-by-case
basis, in conjunction with the obstetric, neonatal, and critical care
teams. The present case confirms the importance in considering
H1N1 infection in pregnant women, and the feasibility of ECMO as a
possible treatment strategy.
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