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Why Is an Anesthesiologist Talking 
About the flu?

• In susceptible individuals, influenza leads to a severe ARDS
• In 2009/2010, there was a suggestion of a distinct survival 

benefit in patients with ARDS from the flu treated in 
centers that perform ECMO

• The ECMO program at St. Lukes is run out of the CVICU, 
which is staffed by Intensivists from the Department of 
Anesthesiology

• We are one of only hospitals that perform adult ECMO in 
Kansas City.
– St. Luke’s has up to nine ECMO beds 
– KU also offers adult ECMO
– Children’s Mercy provides pediatric ECMO
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2009/2010 Influenza A and ECMO

• A small minority of patients with H1N1 developed a 
rapidly progressive ARDS associated with multi-organ 
Failure.

• In 2009 both the CESAR trial (Lancet, October 2009) 
and the ANZA trials (JAMA, November 2009) were 
published

• CESAR concluded that there was a significant reduction 
in mortality in patients with severe ARDS referred to an 
ECMO center.

• The ANZA trial was a case series demonstrating a 21% 
mortality with the use of ECMO with severe H1N1
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From Davies et. al  
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From Davies et. al  
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Noah Study

• Neither 2009 study compared H1N1 management with 
conventional ventilation vs. ECMO

• This question still existed: Did ECMO provide a survival 
benefit in severe ARDS over conventional ventilation 
during the 2009 H1N1 epidemic?

• Noah et. Al. Referral to an Extracorporeal Membrane 
Oxygenation Center and Mortality Among Patients 
With Severe 2009 Influenza A(H1N1) JAMA, October 
2011

• Noah demonstrated a survival benefit in patients 
transferred to an ECMO center with H1N1 related 
severe respiratory failure

 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 



Inclusion Criteria by Noah

• UK study

• Used CESAR criteria
– MURRAY Score > 3.0 or pH < 7.2

– Age 18-65

– Mechanical Ventilation for < 7 days at high 
settings

– Lung injury determined to be reversible

– No contra-indications to heparin, i.e. intracranial 
hemorrhage
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From Noah 
et. al  
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Consequence:

• We saw a major uptick in ECMO referrals at 
Saint Luke’s in 2014

– Local

– Joplin

– Columbia

– Eastern Kansas

• Most patients were fairly young

• Most patients were fairly obese

 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 



Counterpoint

• Pham et. Al published a study in the American Journal of 
Respiratory and Critical Care Medicine in February, 2013

• Cohort study
• French
• Did not find a significant survival benefit in matched 

cohorts, however in an umatched cohort of younger, 
healthier patients there was a benefit against all the 
matched patients.

• Cohort shows that younger age, lower lactate, and lower 
plateau pressures may be associated with survival

• Although not commented on in the study, it appears to me 
that corticosteroids may be associate with worse survival.
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From Pham et. al
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Pham Table 2 continued
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Unmatched Cohort Characteristics

• A group of patients who received ECMO who 
were dropped from the analysis due to the 
inability to match with patients in the 
conventional group.

• Tended to be younger, sicker, have higher 
BMIs, and less likely to have received pre-
ECMO corticosteroids.

• Had the highest survival rate (78%).

 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

From 
Pham et. 
al  

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

___________________________________ 

Meta-analysis?

• Zangrillo et. Al

• Trend for benefit in H1N1 patients treated 
with VV ECMO
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My own take on ECMO

• We know cells need oxygen

• If cells don’t get oxygen they die

• If cells die, organs die

• If organs die, people die

• ECMO provides oxygenation and CO2 removal 
in people who cannot be supported on 
mechanical ventilation.
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BMJ 2003
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BASIC SCIENCE
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From Wikicommons
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Hemagglutinin

• Binds to cell surface to initiate infection

• Got its name due to the fact that it 
agglutinates RBCs in the lab

• Target of neutralizing antibody

– Will not infect cells, once hemagglutinin is 
neutralized
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Neuraminidase

• Cleaves neuraminic acid which releases 
viruses from infected cells

– Functions at the end of cellular infection

• Degrades mucous in the respiratory tract

• Antibody against neuraminidase does not 
neutralize infectivity, but does decrease the 
illness’ severity by preventing the release of 
new viruses from host cells.
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Life Cycle

• The influenza virion enters a cell as the hemagglutinin
attaches to sialic acid receptors on the cell surface.

• The virus’ RNA polymerase transcribes the viral RNA to 
mRNA

• The mRNA is translated into viral proteins

• Progeny viral RNA genomes are synthesized in the 
nucleus

• The riboneucleoprotein is assembled in the cytoplasm

• The virion is released from the cell by budding
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General Epidemiology

• Influenza A  develops mutations in its neuraminidase and 
hemagluttinin proteins, which leads to resistance

• Influenza A is subject to genetic reassortment
– Recombination of segments of the RNA genome

• Many animals can be infected by influenza A
• In areas in which humans live near animals, a person or animal can 

be infected with both an animal and a human flu virus
• Genetic reassortment may occur and the flu virus may be infectious 

towards humans with a novel hemagluttinin or neuramidase
protein

• These new animal/human combinations are the source of the new 
antigenic types of flu that cause epidemics, i.e. bird flu (H5N1)
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General Epidemiology

• Antigenic shifts

– Genetic changes based on reassortment

– Occur approximately every 10 yrs

• Antigenic drifts

– Minor antigenic changes based on mutation
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H7N9

• Novel influenza virus first detected in China in March 
2013

• Derived from at least 4 avian influenza viruses
• Low virulence in poultry

– Does not cause severe disease in birds, so epidemics may 
go undetected

• No sustained human to human infection.  Most 
infections are in very close quarters or from direct 
exposure to poultry.

• Most affected patients are older with comorbidities
• Mortality is estimated at approximately 1/3rd of those 

hospitalized primarily from respiratory complications.
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H5N1

• Highly pathogenic in chickens
– Epidemics in poultry easily detected

• Endemic in certain Asian chicken populations
• First detected in humans in Hong Kong in 1997

– All genes were avian in origin, i.e., the virus jumped species

• Transmission is primarily bird to human, but human to 
human spread is possible

• Since 2003, 640 cases have been reported to WHO with a 
case fatality rate of 60%
– May be an overestimate

• Prediliction for younger and healthier people
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Epidemics

• Epidemics occur when the antigenicity has 
changed to a point that pre-existing immunity is 
not effective

• Influenza A is responsible for most pandemics

– Antigenic shifts occur approximately every 10 years

• Influenza B is responsible for some major 
outbreaks, but the antigenicity of influenza B 
does not vary as dramatically or as often

• Influenza C only causes minor disease
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Infection

• Infection is generally limited to the respiratory 
tract

• Viremia is rare

• Cytokines cause most of the symptoms

• Influenza may cause a viral interstitial 
pneumonia with alveolar hemmorhage
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Immunity

• Primarily from IgA in the respiratory tracty

• Lesser extent from IgG

• Cytotoxic T cells
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CLINICAL EXPERIENCE WITH 2013/2014 
INFLUENZA VS 2014/2015 SEASON
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Circulating Influenza

2013/2014

2014/2015

From CDC  
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The Flu Vaccine

• Types of vaccine
– Live attenuated nasal mist (recommended for children 2-8)

– Inactivated injection

• Effectiveness of the vaccine is dependent on both the match 
between the viruses in the vaccine and the circulating virus, and the 
characteristics of the person receiving the vaccine.

• Vaccine Effectiveness (VE) is the reduction in risk provided by the flu 
vaccine, i.e. a VE of 60% will reduce the risk a patient will present to 
the doctors office with flu like illness by 60%

• Even if the vaccine is not effective in preventing infection with 
influenza, it often makes the disease course significantly milder
– Up to a 92% reduction in hospitalization for pregnant women 

– Up to a 70% reduction in hospitalization in the elderly
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From CDC 
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Antivirals

• CDC recommends treatment with antivirals as soon as possible in high-risk 
and severely ill patients
– In outpatients, antiviral treatment is most effective if started within 48 hours 

of symptom onset, but the severely ill may still benefit from delayed 
treatment.

• High resistance to Adamantanes (amantadine and rimantadine)
• Low resistance to neuraminidase inhibitors

– Ostelamavir
• Available as an oral formulation
• Recommended dose is 150 mg twice a day for seriously ill patients
• Concern for ostelamavir resistant H1N1

– Most resistant cases are in Texas

– Zanamavir
• Available for inhalation
• Unable to use on patients on the ventilator
• An IV formulation has been available in the past in a compassionate use basis from 

Glaxo-Smith-Klein.  We were successful in obtaining some in January.  (Thanks Tim)
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Who were our patients?

• 2013/2014 H1N1 appears to have a predilection for 
healthy young and middle-aged adults.

• The 2009 H1N1 outbreak caused more illness in 
children and young adults

• The rapid flu test is poorly sensitive, so many of our 
patients initially tested negative
– PCR is recommended due to high sensitivity and specificity

• In our ICU, we primarily saw influenza pneumonia as 
opposed to secondary bacterial infection
– S. Aureus
– Strep Pyogenes
– Aspergillosis
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As of Feb. 1, 2014
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Who was on our team?

• CVICU nurses
• RTs
• Perfusionists
• Intensivists
• Surgeons
• Pharmacists
• Nutritionists
• PT
• OT
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Single Caregiver Approach

• Our nurses managed both the critical care 
needs of the patient as well as the ECMO 
circuit

• Prior to managing these patients, our nurses 
took an introduction to ECMO course, given at 
our hospital

• Perfusionists, surgeons, and intensivists were 
on call 24/7, but not always in house
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Conclusion

• H1N1 is unique in that it targets a normally 
healthy population

• In the worst cases, ECMO seems to provide 
benefit

• The rapid flu test is unreliable, so anyone 
admitted to our ICU with symptoms 
suggestive of the flu should be started on 
antivirals

• Get your flu shot
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