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Influenza is a viral respiratory infection that can lead to significant morbidity and
mortality. Due to its high susceptibility to antigenic variation, influenza A is responsible
for causing pandemics. Fever, cough, dyspnea, and vomiting are common presenting
symptoms. The spectrum of an influenza A virus infection ranges from a mild upper
respiratory illness to life-threatening pneumonia. Hypoxia and chest radiographs
consistent with acute respiratory distress syndrome (ARDS) are seen in patients requiring
intensive care. The reported incidence of patients with influenza A-associated ARDS
requiring transition from conventional ventilation to extracorporeal membrane
oxygenation (ECMO) is variable. ECMO can be considered in patients with reversible
respiratory failure, who are already on maximal conventional therapy and are not
achieving lung-protective ventilation; wherein the benefits of ECMO are deemed to
outweigh its risks. We describe the case of a 48-year-old female who developed ARDS
secondary to influenza A requiring mechanical ventilation and extracorporeal membrane
oxygenation (ECMO).

BACKGROUND

Influenza A is the seasonal cause of upper respiratory tract
infection which typically presents with systemic symptoms
such as fever, chills, myalgia, and malaise. The systemic
symptoms of influenza are secondary to inflammatory re-
sponses and cytokine release.! Influenza A virus attacks the
upper respiratory cells and gains entry via specific hemag-
glutinin (HA) antigen binding to sialic acid on the cell.l
Subsequent cleavage via neuraminidase allows the spread
of the virus.! Most healthy individuals typically recover
within 2 weeks.2 However, patients who have underlying
lung diseases, or are immunocompromised are at the great-
est risk of developing severe complications.! Primary viral
pneumonia is the most severe, least common of the pneu-
monic complications of influenza. It has a predilection for
individuals with elevated left atrial pressures and chronic
pulmonary disorders. We present a case of a middle-aged
woman with no comorbidities who was infected with In-
fluenza A and developed acute respiratory distress syn-
drome (ARDS).

Figure 1. Chest X-ray showing an ill-defined left
perihilar and lower lobe opacity consistent with
pneumonia.

counter nasal decongestants with no relief. On admission,
CASE PRESENTATION vitals were significant for a temperature of 103.7 F, heart
rate of 124 beats per minute, respiratory rate of 22 breaths
per minute, and oxygen saturation of 92% on room air.
Physical examination was significant for decreased breath
sounds on the left base. A chest X-ray (Figure 1) showed
left lower lobe pneumonia.
Laboratory investigations were significant for WBC of
13.5 x 103 /mm3 with 10% bands, blood and sputum cul-

A 48-year-old woman with no past medical history pre-
sented with complaints of fever with sweats and chills, pro-
ductive cough, and dyspnea with pleuritic chest pain for
four days that progressively worsened to a point that she
had difficulty completing sentences. She took over-the-
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Figure 2. Chest x-ray showing worsening of previously
seen left perihilar and lower lobe pneumonia with new
patchy airspace opacities in the inferior right upper
lobe and right base and small bilateral pleural
effusions.

tures were drawn that remained negative, a polymerase
chain reaction of nasal swab sample for methicillin-resis-
tant staphylococcus aureus was negative. Influenza A (sub-
type H1) test was positive. Oseltamivir was started as well
as azithromycin and ceftriaxone were started for a sus-
pected superimposed bacterial infection. Due to persistent
hypoxia, she was transferred to the intensive care unit
(ICU) for oxygenation via a high-flow nasal cannula. A re-
peat chest X-ray (Figure 2) showed new opacities in the in-
ferior right upper lobe and right base and small bilateral
pleural effusions.

Arterial blood gas showed a pH of 7.35, pO2 of 60 mmHg,
and pCO2 of 36 mmHg. During her course in the ICU, the
patient’s work of breathing increased, oxygenation status
continued to deteriorate, and the patient was intubated.
Arterial blood gas upon intubation was consistent with se-
vere ARDS. The patient was placed in the prone position
and norepinephrine was initiated due to hemodynamic in-
stability. Upon revaluation in the supine position, the pa-
tient was hypoxic to 88-90%, requiring positive end-ex-
piratory pressure (PEEP) as high as 17 cm of H20 with
a fraction of inspired oxygen at 100%. Due to elevated
plateau pressures, the patient received paralysis but due
to worsening ARDS, the patient was evaluated for ven-
ovenous extracorporeal membrane oxygenation (VV ECMO)
and transferred to a tertiary care facility. The patient was
cannulated and started on VV ECMO and continuous ven-
ovenous hemofiltration (CVVH) for acute kidney injury.
Gradually the patient’s FiO2 requirements reduced, and she
was weaned from vasopressor support, but still requiring
CVVH. After 18 days of VV ECMO, a tracheostomy was per-
formed. She tolerated daily pressure support trials and she
was explanted on day 28 of ECMO. The patient remained
on the ventilator for 4 more days after which she was dis-
charged on the tracheostomy to a rehabilitation unit.

DISCUSSION

Despite advances in critical care medicine over the past 20
years, ARDS mortality remains at 30% to 40%.! In Australia
and New Zealand, during the 2009 influenza A (HIN1) epi-
demic, 68 of 201 mechanically ventilated patients received
ECMO across 15 ECMO centers.2 Other studies showed
mortality at hospital discharge may be less when ECMO is
initiated within the first seven days of mechanical ventila-
tion.3 Due to the lack of a consistent definition of failure
of conventional therapyj, it is not clear what defines patient
selection for ECMO and how to minimize complications on
treatment. Failure of conventional respiratory support may
manifest as end-organ ischemia leading to the loss of many
salvageable years of the life of a previously healthy patient.

Acute respiratory distress syndrome is typically man-
aged through supportive care. Some of the treatment goals
include management of hypoxemia, reduction of oxygen
consumption by controlling systemic symptoms, and fluid
management.? Extracorporeal membrane oxygenation is an
effective addition for oxygen exchange in patients who are
in severe acute respiratory distress syndrome.2 The premise
is to oxygenate blood with a gas exchanger similar to the
lungs, this allows the lungs to recover and reduces further
ventilatory pressure-related lung injury.3

In the determination of when to initiate ECMO use,
there is no clear consensus, however, some researchers be-
lieve that initiation of ECMO treatment typically depends
on extrapulmonary system function.# Others suggest that
patients who have persistently decreased pulmonary func-
tion despite high PEEP and ventilation are good candidates
for ECMO.> Specific factors such as worsening hypoxemia;
defined as PaO2/FiO2 ratio <70, hypercapnia, and acidemia
are poor prognostic factors and patients may benefit from
ECMO.# The mortality rate may be unchanged in patients
based on increased age, underlying lung disease, and mul-
tiple organ dysfunction.’

Veno-venous (V-V) and veno-arterial (V-A) ECMO are
the two types of ECMO treatment. Veno-venous ECMO
treatment is preferred because of its reduced side effects.®
These include arterial bleeding, increased risk of thrombus
formation, and mixing of oxygenated and deoxygenated
blood.® Additionally, interaction with both venous and ar-
terial blood puts patients at risk for a pro-inflammatory
state.® Various studies have outlined factors that determine
the success or failure of treatment with extracorporeal
membrane oxygenation (ECMO). However, the need for
strict guidelines would not only help set the criteria in var-
ious institutions but may also improve mortality rates, as
more patients would be quickly identified for treatment.

As per the CESAR trial, ECMO use in the setting of severe
adult respiratory failure is associated with survival im-
provement at 6 months compared to conventional mechan-
ical ventilation.” It is already known that ECMO support
for ARDS due to HIN1 (as other viral pneumonia) had bet-
ter results than for other causes of ARDS.8 From a practical
standpoint, it has been seen that good pump flow in V-V
ECMO support is needed to reach satisfactory oxygenation.
This allows to set up the mechanical ventilation parame-
ters to ‘protective ventilation’ trying to limit lung dam-
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ages. There can be irreversible lung damage and low possi-
bilities of pulmonary function recovery directly due to the
absence of a protective ventilation without ECMO.? Con-
sidering observational and randomized trials in support of
ECMO, this approach has been advocated for and employed
in cases of complicated HIN1 infection.10 The premise for
use of ECMO have been ECMO-supported inter-hospital
transfer, young age, the relatively low prevalence of co-
morbidities, and the likelihood for reversible lung failure.!l
Quoting verbatim the Extracorporeal Life Support Organi-
zation, the main indications for ECMO are acute severe
heart or lung failure with high mortality risk despite opti-
mal conventional therapy.12 ECMO therapy may be used as
an adjunct or salvage therapy and no definite conclusions
can be drawn yet due to the lack of randomized trials. Ini-
tiating ECMO early once the patient has been instituted on
mechanical ventilation may result in improved survival.!3

CORRESPONDING AUTHOR

Monarch Shah,

Department of Internal Medicine,
Saint Peter’s University Hospital.
monarch.shah08@gmail.com
1050 George Street,

Apartment 4i,

New Brunswick, New Jersey,
08901,

USA

908-392-8598

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.
FUNDING STATEMENT

No funding was obtained for this manuscript.

Submitted: April 21, 2022 EDT, Accepted: May 12, 2022 EDT

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License

(CCBY-NC-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-nc/4.0 and legal code at https://cre-

ativecommons.org/licenses/by-nc/4.0/legalcode for more information.

Brown Hospital Medicine


mailto:monarch.shah08@gmail.com

Acute Respiratory Distress Syndrome due to Influenza A Treated with Extracorporeal Membrane Oxygenation: A Case Report and...

REFERENCES

1. Boktor SW, Hafner JW, Doerr C. Influenza
(Nursing) [Updated 2020 Nov 21]. In: StatPearls
[Internet]. StatPearls Publishing; 2021. https://www.n

cbi.nlm.nih.gov/books/NBK568788/

2. Australia and New Zealand Extracorporeal
Membrane Oxygenation (ANZ ECMO) Influenza
Investigators, Davies A, Jones D, et al. Extracorporeal
Membrane Oxygenation for 2009 Influenza A(HIN1)
Acute Respiratory Distress Syndrome. JAMA.

2009;302(17):1888-1895. doi:10.1001/jama.2009.1535

3. Rawal G, Yadav S, Kumar R. Acute respiratory
distress syndrome: an update and review. J Transl Int
Med. 2018;6(2):74-77. doi:10.1515/jtim-2016-0012

4. Parekh M, Abrams D, Brodie D. Extracorporeal
techniques in acute respiratory distress syndrome.
Ann Transl Med. 2017;5(14):296. doi:10.21037/atm.20
17.06.58

5. Liu X, Xu Y, Zhang R, et al. Survival Predictors for
Severe ARDS Patients Treated with Extracorporeal
Membrane Oxygenation: A Retrospective Study in
China. PLoS ONE. 2016;11(6):e0158061. doi:10.1371/j
ournal.pone.0158061

6. Kozinn ], Wrisinger WC. ECMO for Adults with
Severe Respiratory Failure. Mo Med.
2019;116(1):58-62.

7. Peek GJ, Mugford M, Tiruvoipati R, et al. Efficacy
and economic assessment of conventional ventilatory
support versus extracorporeal membrane
oxygenation for severe adult respiratory failure
(CESAR): a multicentre randomised controlled trial.
Lancet. 2009;374(9698):1351-1363. doi:10.1016/s014
0-6736(09)61069-2

8. Hemmila MR, Rowe SA, Boules TN, et al.
Extracorporeal life support for severe acute
respiratory distress syndrome in adults. Ann Surg.
2004;240(4):595-607. d0i:10.1097/01.s1a.000014115
9.90676.2d

9. Pranikoff T, Hirschl RB, Steimle CN, Anderson HL
II1, Bartlett RH. Mortality is directly related to the
duration of mechanical ventilation before the
initiation of extracorporeal life support for severe
respiratory failure. Crit Care Med. 1997;25:28-32. do
i:10.1097/00003246-199701000-00008

10. Mitchell MD, Mikkelsen ME, Umscheid CA, Lee I,
Fuchs BD, Halpern SD. A systematic review to inform
institutional decisions about the use of
extracorporeal membrane oxygenation during the
HINT1 influenza pandemic. Crit Care Med.
2010;38(6):1398-1404. doi:10.1097/ccm.0b013e3181d
e45db

11. DeLaney E, Smith MJ, Harvey BT, et al.
Extracorporeal life support for pandemic influenza:
the role of extracorporeal membrane oxygenation in
pandemic management. J Extra Corpor Technol.
2010;42:268-280.

12. ELSO: Guidelines for Cardiopulmonary
Extracorporeal Life Support. Extracorporeal Life
Support Organization, Version 1:1. Published April
2009. http://www.elsonet.org/

13. Sukhal S, Sethi J, Ganesh M, Villablanca PA,
Malhotra AK, Ramakrishna H. Extracorporeal
membrane oxygenation in severe influenza infection
with respiratory failure: a systematic review and
meta-analysis. Ann Card Anaesth. 2017;20(1):14-21.d
0i:10.4103/0971-9784.197820

Brown Hospital Medicine


https://www.ncbi.nlm.nih.gov/books/NBK568788/
https://www.ncbi.nlm.nih.gov/books/NBK568788/
https://doi.org/10.1001/jama.2009.1535
https://doi.org/10.1515/jtim-2016-0012
https://doi.org/10.21037/atm.2017.06.58
https://doi.org/10.21037/atm.2017.06.58
https://doi.org/10.1371/journal.pone.0158061
https://doi.org/10.1371/journal.pone.0158061
https://doi.org/10.1016/s0140-6736(09)61069-2
https://doi.org/10.1016/s0140-6736(09)61069-2
https://doi.org/10.1097/01.sla.0000141159.90676.2d
https://doi.org/10.1097/01.sla.0000141159.90676.2d
https://doi.org/10.1097/00003246-199701000-00008
https://doi.org/10.1097/00003246-199701000-00008
https://doi.org/10.1097/ccm.0b013e3181de45db
https://doi.org/10.1097/ccm.0b013e3181de45db
http://www.elsonet.org/
https://doi.org/10.4103/0971-9784.197820
https://doi.org/10.4103/0971-9784.197820

	Background
	Case Presentation
	Discussion
	Corresponding author
	Conflicts of Interest
	Funding Statement

	References

