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BACKGROUND: Respiratory failure and acute respiratory distress syndrome secondary to H1N1
influenza infection is a source of substantial morbidity and mortality, having caused over 265,000
hospitalizations in the United States in 2009. During the H1N1 pandemic, up to 31% of the H1N1
patients required intensive care unit admission, and many were refractory to maximal conventional
therapies. These most critically ill patients may require extracorporeal membrane oxygenation
(ECMO) for survival. METHODS: We retrospectively reviewed the medical records of the 7
patients with refractory hypoxemia due to H1N1 influenza who were treated with ECMO in our
pediatric intensive care unit. RESULTS: Five of the 7 patients survived to hospital discharge. The
cohort’s mean age was 21 years, and 4 were female. At admission to the pediatric intensive care
unit, 6 had at least one comorbid condition, 6 were mechanically ventilated, and one was in shock.
All 7 patients were treated with oral oseltamivir, high-frequency oscillatory ventilation, and inhaled
nitric oxide prior to ECMO. Five received intravenous steroids, and 2 were treated with compas-
sionate-use intravenous zanamivir. The mean duration of pre-ECMO ventilation was 8.7 days
(range 14 h to 25 d). Mean oxygenation index was 50 (range 26–73) at ECMO cannulation. Six
received venovenous ECMO, and one received venoarterial ECMO. The mean duration of ECMO
was 432 hours (range 192–890 h). CONCLUSIONS: This series suggests that ECMO is a viable
treatment for refractory hypoxemia secondary to H1N1 influenza infection in both pediatric and
adult patients. Key words: extracorporeal membrane oxygenation; ECMO; mechanical ventilation;
H1N1; influenza; acute respiratory distress syndrome; ARDS; acute lung injury; respiratory failure;
hypoxemia. [Respir Care 2011;56(7):941–946. © 2011 Daedalus Enterprises]

Introduction

During the 2009 pandemic, most infections with H1N1
influenza were mild and self-limited, but intensive care
unit (ICU) admission was required in 9–31% of the over
265,000 patients hospitalized with H1N1 infection in the
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United States, and mortality rate in these critically ill pa-
tients ranged from 14% to 46%.1-11 In many centers, ex-
tracorporeal membrane oxygenation (ECMO) was em-
ployed as a rescue strategy for refractory acute respiratory
distress syndrome (ARDS) due to H1N1 infection, in both
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adult and pediatric patients.12-14 In the setting of refractory
respiratory failure, ECMO has been an accepted and ef-
fective therapy in neonatal and pediatric patients for sev-
eral decades.6,7,15,16 In addition, data illustrating the suc-
cess of ECMO in adult patients with ARDS emerged during
the H1N1 pandemic and became even more relevant as
large numbers of H1N1 infected adolescents and young
adults required ICU admission.2,12,17

When ECMO was utilized in these most severely af-
fected young adult H1N1 patients, management occurred
in the pediatric ICU (PICU) in a substantial subset of the
patients because ECMO has traditionally been a neonatal
and pediatric therapy, and limited infrastructure exists in
some centers to provide ECMO outside of the PICU, pe-
diatric cardiac ICU, or neonatal ICU. In this report we
describe the epidemiology, clinical characteristics, treat-
ment course, and outcomes of 7 adult and pediatric pa-
tients treated with ECMO in our PICU for refractory re-
spiratory failure and ARDS secondary to H1N1 influenza
infection.

Methods

After institutional review board approval, we retrospec-
tively identified 7 patients with H1N1 influenza infection
and severe respiratory failure who required life-support
with ECMO. These patients were all managed in the PICU

during ECMO. We reviewed their medical records with
attention to demographics, underlying comorbidities,
course of influenza infection, mechanical ventilation modes
and strategies, laboratory values, adjunctive therapies,
ECMO course, and outcome.

Results

In our institution, 169 adults and children required hos-
pital admission for H1N1 influenza infection during late
2009 and early 2010, and 39 (23%) were admitted to in-
tensive care units. Seven of these 39 critically ill patients
required ECMO for refractory respiratory failure and
ARDS, and 5 of those 7 patients survived to hospital dis-
charge (Table 1). The cohort’s mean age was 21 years
(median 24 y, range 7–33 y). The 4 adult patients’ Acute
Physiology and Chronic Health Evaluation II score range
was 9–25. The Pediatric Risk of Mortality III scores of the
3 patients � 18 years of age were 7, 12, and 17. Four of
the 7 patients were female, and 6 patients had an under-
lying medical condition prior to hospitalization for H1N1
infection (Table 2). The cohort’s mean body mass index
was 26.6 kg/m2 (median 27.5 kg/m2, range 17.5–31.6 kg/
m2).

All 7 patients were diagnosed based on positive poly-
merase-chain-reaction test for influenza A type H1N1. At
PICU admission, 6 of the patients were mechanically ven-

Table 1. Characteristics of 7 Patients With H1N1 Influenza and Acute Respiratory Distress Syndrome

Patient
Age
(y)

Sex

APACHE II
or

PRISM III
Score

Shock on
Admission

Body
Mass
Index

(kg/m2)

Pre-ECMO
Ventilation

Duration (d)

Oxygenation
Index Prior
to ECMO

Cannulation
(within 4 h)

PaO2
/FIO2

Prior to
ECMO

Cannulation
(within 4 h)

(mm Hg)

Type of
ECMO

ECMO
Duration (h)

Outcome

1 25 F 9 No 24.6 1 73 41 Venovenous 192 Survived,
discharged to
home

2 17 F 12* No 27.4 11 55 58 Venovenous 890 Died
3 24 F 23 No 27.5 2 65 49 Venovenous 563 Survived,

discharged to
rehabilitation

4 7 M 7* No 17.5 6 26 53 Venoarterial 662 Survived,
discharged to
rehabilitation

5 15 M 17* No 29.5 14 39 57 Venovenous 219 Survived,
discharged to
rehabilitation

6 25 F 25 Yes 28.4 25 43 69 Venovenous 192 Died
7 33 M 19 No 31.6 1 51 66 Venovenous 308 Survived,

discharged to
rehabilitation

* Pediatric Risk of Mortality (PRISM) score.
APACHE � Acute Physiology and Chronic Health Evaluation
ECMO � extracorporeal membrane oxygenation
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tilated, and one required vasoactive agents for hemody-
namic support. The mean duration of mechanical ventila-
tion prior to ECMO initiation was 8.7 days (median 6 d,
range 14 h to 25 d). At PICU admission, all 7 patients met
the criteria for severe ARDS: mean PaO2

/FIO2
56 mm Hg.

The mean oxygenation index within 4 hours of ECMO
cannulation was 50 (median 51, range 26–73) (see Ta-
ble 1). Prior to ECMO cannulation, all 7 patients were on
high-frequency oscillatory ventilation and inhaled nitric
oxide, and none received surfactant or were placed in the
prone position. Prior to ECMO cannulation, 5 patients
received at least one dose of steroids, but the type of
steroid and dosing differed greatly. All 7 were treated with
oral oseltamivir, and 2 were additionally treated with com-
passionate-use intravenous zanamivir.

Six of the patients underwent venovenous ECMO. The
patient with underlying hypoplastic left-heart syndrome
underwent venoarterial ECMO. Table 3 shows the mean
ECMO flows at 4 hours and 24 hours, and the ventilation
variables at 24 hours. The mean duration of ECMO was
432 hours (median 308 h, range 192–890 h). Table 4
shows the complications that developed during ECMO.
The mean duration of mechanical ventilation (until trache-
ostomy tube placement or extubation) was 37 days (me-
dian 36 d, range 14–45 d),. The mean duration of hospi-
talization was 62 days (median 36 d, range 33–102 d).

Of the 5 patients who survived to hospital discharge, 4
were discharged initially to a rehabilitation facility, and
one was discharged directly home. At the time of hospital
discharge, 2 of the 5 survivors had not returned completely
to their neurologic baseline, as evidenced by mild cogni-
tive and fine motor dysfunction. All 5 ECMO survivors
were ultimately discharged home, at which time only one
required ongoing respiratory support.

Discussion

Throughout 2009, H1N1 influenza infection led to a
considerable number of critically ill patients, as many as
30% of whom were refractory to maximal conventional

respiratory therapies.1,4,6-9,12 In our 7 patients with refrac-
tory respiratory failure secondary to H1N1, ECMO was
successful, and 5 of the 7 patients survived. This finding
consistent with published survival rates for ECMO world-
wide during the H1N1 pandemic and suggest that ECMO
is a viable therapy in both pediatric and adult patients with
respiratory failure and refractory ARDS.12-14

Consistent with prior reports that the H1N1 influenza
attack rate was highest in adolescents and young adults,2,18

6 of our patients were between 15 and 33 years old. Ad-
ditionally, all but one of those 6 patients had an important
underlying comorbidity, including the one patient under
the age of 15, who had hypoplastic left-heart syndrome
and had undergone the Fontan operation. Given the sub-
stantial risk factors in these patients, the fact that their
ARDS was progressive and unresponsive to standard ICU
therapies was not surprising.

The pre-ECMO therapies in our patients included a lung-
protective ventilation strategy, initially with primarily pres-
sure controlled synchronized intermittent mandatory ven-
tilation and a target tidal volume of 5–7 mL/kg. Because of
disease progression, all 7 patients were transitioned to high-
frequency oscillatory ventilation and then to ECMO, fol-
lowing a brief bridge with inhaled nitric oxide (Table 5).
In addition, we used intravenous steroids in 5 of the pa-
tients, and oral oseltamivir in all 7 patients. However,
patients 2 and 4 did not begin oral oseltamivir within
48 hours of symptom onset. Following ECMO initiation,
patients 4 and 7 also received compassionate-use intrave-
nous zanamivir.

Because of the expansion and evolution of our ECMO
program during the H1N1 pandemic,19 these 7 patients
were managed with 2 different ECMO systems. Patients 1
through 4 were treated with a 3 Stockert rollerhead pump
system (Sorin Group, Arvada, Colorado) and a Quadrox D
oxygenator (Maquet, Hirrlingen, Germany). Patients 5
through 7 were treated with a Rotaflow centrifugal pump
and Quadrox D oxygenator (both from Maquet, Hirrlin-
gen, Germany). With both systems we used a standardized
protocol of continuous heparin infusion titrated based on
activated clotting time. Following ECMO initiation and
improvement of gas exchange, the level of mechanical
ventilatory support was immediately weaned to rest the
lungs and minimize ongoing secondary injury. Despite
expected variations in mode and settings, all 7 patients,
within 24 hours of ECMO cannulation, were on FIO2

� 0.50,
peak inspiratory pressure � 29 cm H2O, and a target tidal
volume of 5–7 mL/kg (see Table 3).

While this series demonstrates successful use of ECMO
for refractory respiratory failure from H1N1 influenza in
several complex patients, further data are needed to deter-
mine under what circumstances ECMO is appropriate. We
feel that ECMO deserves broad consideration in critically
ill neonatal, pediatric, and adult patients, even if the pa-

Table 2. Comorbidities

No.

Systemic lupus erythematosus 2
Congenital heart disease 1
Renal insufficiency 1
Plastic bronchitis, bronchopulmonary aspergillosis,

history of left lower lobectomy
1

Obesity* 2
Pregnancy 1

* Obesity � body mass index � 30 kg/m2 in adults, or � 95th percentile in children.
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tient has important comorbidities. The impact of comor-
bidities is unclear, but ECMO can unquestionably be a
life-saving therapy in many circumstances. The possibility
of saving the lives of these most severely affected patients
with refractory respiratory failure suggests that there are
few absolute contraindications to ECMO.

Prospective identification of patients who will benefit
from ECMO remains quite difficult, despite decades of
successful use in a wide range of clinical settings.6,7,12,14,15,20

In the setting of refractory respiratory failure, however,
reported ECMO survival is lower when lung injury is as-
sociated with comorbidities, especially in the setting of
substantial immunocompromise or multiple organ dysfunc-
tion.6,7,21 Our series demonstrates that ECMO can be suc-
cessful in the presence of considerable underlying comor-
bidities in pediatric and adult patients, thus potentially
expanding the pool of ECMO candidates. Given this po-
tential benefit, it is important to evaluate the patient’s
ECMO eligibility early, since some data suggest that early
application of ECMO may lead to a shorter ECMO course
and more rapid lung recovery.1 The time needed for lung
recovery on ECMO, and resource availability are impor-
tant considerations in the expansion of ECMO utilization,
especially during a pandemic.

Time required on ECMO may be impacted by both
underlying comorbidities and pre-ECMO duration of me-

chanical ventilation. The mean ECMO course in this series
was 432 hours, which is longer than the 280 hour mean
ECMO duration for ARDS secondary to H1N1 reported
by the Extracorporeal Life Support Organization.21 Our
patients’ comorbidities may have contributed to their time
on ECMO, but their pre-ECMO duration of mechanical
ventilation may also have been a factor.

The largest reported series of H1N1 ECMO patients had
a mean of 2 days of mechanical ventilation prior to ECMO
initiation.12 In our series, 3 patients rapidly deteriorated,
consistent with rapid progression of respiratory failure seen
in many patients with H1N1 infection, and were cannu-
lated for ECMO in less than 48 hours.2 Despite these 3
patients with rapid deterioration, the mean duration of me-
chanical ventilation prior to ECMO initiation was 8.7 days
(median 6 d, range 14 h to 25 d). A substantial contributor
to the mean duration of mechanical ventilation prior to
ECMO was the duration of ventilation in the 2 non-survi-
vors, who were ventilated for 11 days and 25 days prior to
transfer to our PICU for ECMO. This point raises the
important issue of transfer criteria and timing of transfer to
an ICU capable of providing ECMO support.

One non-survivor initially had improved pulmonary
compliance and gas exchange but later developed a severe
superinfection with Pseudomonas aeruginosa and conse-
quent septic shock, necessitating ECMO. At the time of
cannulation, she had been ventilated for 25 days, and her
H1N1 viral culture and respiratory viral polymerase-chain-
reaction test had become negative, which suggests that her
ECMO course was not directly related to the H1N1 infec-
tion. Factors that probably contributed to her death were
sepsis at the time of ECMO cannulation, active bacterial
infection, and prolonged pre-ECMO ventilation duration,
all of which are associated with higher ECMO mortali-
ty.21-24

The other non-survivor in this series required ventila-
tory support for 11 days at a referring institution prior to

Table 3. ECMO Flows and Ventilation Variables

Patient

ECMO Flow (L/min)
Ventilation

Mode*
Respiratory Rate
(breaths/min)*

FIO2
*

Peak
Inspiratory
Pressure

(cm H2O)*

PEEP
(cm H2O)*

Mean
Airway
Pressure

(cm H2O)*
At

4 Hours
At

24 Hours

1 2.61 3.19 PC SIMV 12 0.3 25 10 12
2 2.92 3.22 PC SIMV 16 0.5 29 12 17
3 3.16 3.09 PC SIMV 20 0.5 25 10 14
4 1.29 1.39 PC SIMV 15 0.4 25 10 14
5 3.32 3.61 PC SIMV 15 0.4 27 12 15
6 3.92 4.32 APRV 6 0.4 25 0 22
7 4.20 4.22 APRV 9 0.4 28 0 24

* At 24 h following extracorporeal membrane oxygenation (ECMO) cannulation.
PC SIMV � pressure controlled synchronized intermittent mandatory ventilation
APRV � airway pressure release ventilation

Table 4. Complications During ECMO

No.

Renal failure* 3
Cannula site bleeding 2
Infection 1
Pulmonary hemorrhage 1

* New renal failure that required in-line renal replacement therapy during extracorporeal
membrane oxygenation (ECMO).
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ECMO. However, the possible benefit of earlier ECMO
initiation in this patient is unclear, given that her under-
lying comorbidities included plastic bronchitis, broncho-
pulmonary aspergillosis, and a history of left lower lobec-
tomy. This patient’s limited pulmonary reserve and fragile
baseline respiratory state surely contributed to the severity
of her H1N1 infection, the need for ECMO, and death,
despite 890 hours on ECMO.

Of note, one patient did survive despite a pre-ECMO
ventilation course of 14 days, but for his entire course in
our PICU he was treated with a lung-protective strategy
that included predominantly high-frequency oscillatory
ventilation. Many experts consider a ventilation duration
greater than approximately one week a contraindication to
ECMO because of the potential for irreversible lung inju-
ry.22-24 However, the “acceptable” duration of mechanical
ventilation prior to ECMO initiation is unclear in the cur-
rent era of lung-protective ventilation. While it is certainly
possible that the prolonged pre-ECMO ventilation impacted
mortality and duration of ECMO, our experience in this
series suggests that patients should not be uniformly ex-
cluded from consideration for ECMO based solely on the
duration of pre-ECMO ventilation.

Another important consideration in the determination of
ECMO candidacy is underlying comorbidity. Consistent
with prior reports, our cohort had a high incidence of
comorbidities (see Table 2). It is clear from this series that
ECMO can be successful in H1N1 ARDS patients with
comorbid conditions, including congenital heart disease,
renal insufficiency, connective tissue disease, and obesity,
which previously would have precluded ECMO for refrac-
tory respiratory failure.

The success in this series would argue for a broader
consideration of how comorbidities should impact ECMO
candidacy in refractory respiratory failure. We recognize
that these patients may require longer ECMO courses and
that recovery of lung function may depend on the pre-
ECMO duration of ventilation. While ECMO certainly

involves substantial resources and risks, clinical series in
which ECMO successes continue to be reported in previ-
ously unthinkable circumstances further complicate the
ECMO decision making process.

Conclusions

We report the successful utilization of ECMO for re-
fractory respiratory failure and ARDS in a series of adult
and pediatric patients with H1N1 influenza. Five of our 7
patients survived, which adds to the body of literature
supporting the notion that ECMO is a viable therapy for
refractory ARDS in both pediatric and adult patients. Based
on these data, we recommend broadening ECMO consid-
eration to include more complex patients who previously
may have not been considered ECMO candidates.
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