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Abstract: The novel pandemic influenza A (HIN1) caused an epidemic of critical illness, and some patients developed severe acute respiratory
distress syndrome (ARDS) or severe cardiopulmonary failure despite the use of conventional management. Extracorporeal membrane
oxygenation (ECMO) support may successfully rescue these severely ill patients. We demonstrate the causative role of HIN1 in refractory ARDS
of a previously healthy 15-year-old man who presented to the intensive care unit with a hypoxic and persistent cardiogenic shock refractory to
conventional management as the leading symptom of influenza A. Because of compromised cardiopulmonary function, venovenous ECMO
was applied 24 h after admission. Despite that the patient was manifesting heart failure, we decided the placement of venovenous ECMO
because we believed that the real problem was the uncontrollable hypoxia and hypercapnia. A normal left ventricular ejection fraction was
documented on a 2D echocardiography on day 2. The patient, after 6 days of ECMO, recovered completely and was successfully weaned from
the mechanical ventilator on the 9th day after admission. The patient was discharged from the hospital on the 15th day. This experience showed
that ECMO can be lifesaving for severe HIN1 infection also in patients with atypical clinical presentation of influenza.
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Introduction Case report

The novel influenza A (HIN1) pandemic caused an epi- An otherwise healthy 15-year-old white man presented
demic of critical illness [ 1-6]. Although most of the con- to our emergency department with fever, lethargy, and
firmed cases have been self-limited and uncomplicated fe- emesis, after 1 week of flu-like symptoms. His medical
brile respiratory illness, there have been severe infections history was significant for childhood asthma, for which
with complications or mortality as well. A proportion of  he required no medication. Medications on admission
these patients presented with, or developed, severe acute included amoxicillin, levofloxacin, and paracetamol and
respiratory distress syndrome (ARDS). In some severe started 6 days earlier for a flu-like syndrome.

cases, extracorporeal membrane oxygenation (ECMO) Examination on arrival was significant for altered
was commenced for the treatment of refractory hypox- mental status, ataxia, and hypotension with mottled
emia, hypercapnia, or both, which occurred despite me- extremities. His vital signs were as follows: tempera-

chanical ventilation and rescue ARDS therapies [7]. Here, ture, 39.8 °C; blood pressure, 80/40 mmHg; pulse
we report the first case of atypical clinical presentation of ~ rate, 115 beats/minute; respiratory rate, 30 breaths/
HINI infection that was successfully treated with ECMO minute; and oxygenation saturation, 92% with sup-
in Florence. plemental oxygen. He had diminished breath sounds
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Fig. 1.

Evolution of chest X-ray shows diffuse airspace disease with interstizial alveolar infiltrate /consolidation on ICU admission (A), on day 4

after ECMO a partial resolution of the finding (B), and near complete resolution of the pulmonary infiltrates at ICU discharge (C)

and bilateral lower-extremity edema. The patient be-
came more hypotensive and lost consciousness; his re-
spiratory status rapidly progressed to respiratory failure
(PaO, /FiO,, 111.9; PaCO,, 113 mmHg). The patient
was intubated on the day of admission. Ceftriaxone,
azithromycin, meropenem, and caspofungin were given
empirically. Laboratory test revealed a white blood cell
count of 23,800 m/L, creatinine phosphokinase at a
peak level of 1776 U/L, troponin I at 4.14 ng/dL,
lactate dehydrogenase at 547 U/L, brain natriuretic
peptide at 6361 pg/mL, creatinine at 2.03 mg/dL,
C-reactive protein at 61 mg/L, and procalcitonin at
250.12 ng/mL. Liver and thyroid function tests were
within normal limits. A computerized tomography
(CT) scan of the brain was normal.

Chest radiography revealed consolidation and col-
lapse of the right lower lobe (Fig. 1A). Transthoracic
cardiac ultrasonography revealed poor cardiac contrac-
tility with an estimated left ventricular ejection fraction
(LVEF) of 31% (Fug. 2A).

After few hours of arrival in intensive care unit (ICU),
the patient became oliguric and was in acute renal fail-
ure. A new thoracic X-ray revealed marked evolution in

interstitial and alveolar bilateral infiltrates, consolidation
in progression. CT scan showed consolidations on both
lower lobes with bilateral pleural effusion.

The patient was well oxygenated and adequately
ventilated (ventilator setting was 100% oxygen; positive
end-expiratory pressure [PEEP], 15 mmHg; and peak
inspiratory pressure [PIP], 45 mmHg), but remained
hemodynamically unstable with poor perfusion on max-
imal medical therapy (see Table I). Given the reason-
able likelihood of recovery of cardiac function, we chose
ECMO support. We were unsure whether venovenous
(VV) ECMO or venoarterial (VA) ECMO should be ap-
plied, but in this case, despite the severe left ventricular
(LV) dysfunction, VV ECMO was adopted because we
believed that the real problem was the uncontrollable
hypoxia and hypercapnia. ECMO implantation was at-
tempted via femoro-jugular access with our innovative
cannulation technique (y-configuration) as previously
reported [8]. The scope was to maximize extracorporeal
blood oxygenation albeit setting the mechanical ventila-
tion in a very protective manner.

The patient’s data course is reported in Table II.
Our ventilation strategy during ECMO was as follows:

Fig. 2.
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Serial echocardiograms obtained in patient in term of LV function and motion. (A) Before ECMO. (B) After ECMO
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Table I | Hemodynamic parameters of the refractory severe CS in HIN1 patient treated with extracorporeal life support

1 h before 12 h after Day 2 on Day5on 12 h after ECMO

ECMO ECMO ECMO ECMO explantation

Hemodynamic variables

MAP (mmHg) 40 80 82 95 80

Spontaneous cardiac index (L/min-m2)* 1.8 2.2 34 3.8 3.8

Left ventricular ejection fraction (%)° 20 30 40 50 60

ECMO assistance (L/min) - 5 55 35 -
Organ perfusion variable

PaO,/FiO, (mmHg) 48 315 321 222 246

SvO, (%) 47.8 86.0

Plasma lactate concentration (mmol /L) 6.7 29 1.4 1.5 1.1

Serum creatinine concentration (mg/dL) 2.5 1.48 1.11 0.76 0.62

Prothrombine time (%) 34 47 54 70 69
Doses of vasoactive drugs

Epinephrine (ng/kg,/min) 1.5 0.8 - - -

Norepinephrine (ug/kg,/min) 1.9 0.5 0.2 - -

Dobutamine (pg/kg,/min) 20 10 7 -

*Evaluation using transthoracic echocardiography was performed by the same operator.
Expressed as percentage of normal values

Table IT | Respiratory and hemodynamic parameters during ICU stay and ECMO

1 h before 12 h after ECMO On ECMO Pre-ECMO 48 h after ECLS

ECMO initiation Day 2 weaning explanation

Hemodynamic values

Cardiac output (L/min)/cardiac index 3.11/1.38 3.80/2.2 5.88/3.4 6.57/3.8 -

(L/min-m?)

MAP (mmHg) 40 80 82 95 80
Mechanical ventilation setting

Modality cv BiPAP BiPAP BiPAD CPAP

FiO, 100% 40% 30% 50% 40%

PIP (cmH,0) 45 24 25 20 16

PEEP (cmH,0) 15 12 10 12 8

Tidal volume (mL) 350 75 200 720 670

Breaths/min 16 7 8 9 14

Pulmonary compliance (mL/cm?) 18.7 16.8 20.6 64.5 -

Oxygenation index 92.8

Murray score 4 - - - -
ECMO setting

ECMO flow (L/min and L/min-m?) - 5/2.89 5.5/3.17 3.5/2.02 -

ECMO gas flow (L/min) - 5 4 -

ECMO FO, (%) - 100 100 100 -
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Table IT | (continued)

1 h before 12 h after ECMO On ECMO Pre-ECMO 48 h after ECLS

ECMO initiation Day 2 weaning explanation
Laboratory values
WBC count (N-1000/mL) 23.8 18.4 6.9 6.2 6.7
Hb (g/dL) 11.8 9.5 11.2 11.9 11.3
Platelet count (N-1000/mL) 109 92 62 91 163
Procalcitonin (ng/mL) 250.12 190.25 96.63 8.65 297
Serum creatinine (mg/dL) 2.5 1.68 1.11 0.76 0.62
Blood gas values/organ perfusion
Radial artery blood samples
pH 7.05 748 7.47 7.49 7.46
pCO, (mmHg) 96 414 38 35.6 37.8
pO, (mmHg) 48.5 126 96.4 111 98.7
sO, (%) 83 99.7 99.3 99.5 99.9
Lac (mmol/L) 6.7 29 14 15 1.1
BE (mml/L) -12 1.7 35 22 1.3
HCO, (mml/L) 29 26.3 27.6 25.8 26.7
Pulmonary artery blood samples
pCO, (mmHg) - 424 42.6 43.8 -
pO, (mmHg) - 78.6 88.8 89.2 -
sO, (%) - 94.5 974 95.1 -
Central venous samples
pCO, (mmHg) - 51.3 52.5 53.6
pO, (mmHg) - 435 447 45.3
ScvO, (%) - 66.5 74.6 73.8
Pre-oxygenator samples
pCO, (mmHg) - 50.6 51.4 55.2 -
pO, (mmHg) - 46.5 48.8 46.5 -
sO, (%) - 66.5 74.6 744 -
Post-oxygenator samples
pCO, (mmHg) - 312 32.6 -
pO, (mmHg) - 412.6 424 -
sO, (%) - 100 100 100 -
BRE (%) (preoxy sO,-Sc0O,)/ - 5.54 5.07 1.95 -

(postoxy sO,~Sc0,)-100

Patients BSA = 1.73 m?. All reported data are the mean of 3 consecutive measures.

Abbreviations: CV = controlled volume; BiPAD = bi-levels positive airways pressure; CPAP = continuous positive airways pressure; FiO, = fraction inspired oxygen;
MV = respiratory minute volume; TV = tidal volume; PEEP = positive end-expiratory pressure; PIP = peak inspiratory pressure; CO = cardiac output; BSA = body
surface area; CI = cardiac index; ECMO = extracorporeal membrane oxygenation; paCO, = arterial carbon dioxide tension; paO, = arterial oxygen tension; WBC
= white blood cells; Hb = hemoglobin concentration; SO, = oxygen saturation; ctO, = oxygen content; Lac = lactate concentration; ABE = base excess; HCO;=
bicarbonate concentration; ScvO, = central-venous oxygen saturation; BRF = blood recirculation fraction with calculation formula [8]
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once maximal ECMO-flow was achieved, ventilation
was gradually reduced to avoid ventilation-induced lung
injury (VILI). Protective ventilator settings were set to
pressure control, PIP < 25 cmH,0O, and PEEP between
10 and 15 e¢mH,0, depending on pressure—volume
curves. Values were all calculated with ventilator’s built-
in application (Draeger Evita XL, Draeger Medical AG,
Germany). PEEP was set to 2 cmH,O above the lower
inflection point curve. Controlled respiratory frequen-
cy was reduced to 8-10 breaths/min. Inspired oxygen
fraction was reduced to 0.5 or lower, whenever possible
[9]. ECMO flow was constantly adjusted to keep arterial
saturation of 95% with normal CO, levels.

On day 1, real-time reverse transcriptase—polymerase
chain reaction of respiratory sample for HIN1 virus
showed positive results. The patient was treated with
150 mg oseltamivir twice daily, and antibiotics were re-
duced to Ceftriazone alone. During ICU stay, hydrocor-
tisone (200 mg/day) was given due to refractory septic
shock.

During ECMO assistance, inotropic agents were
rapidly discontinued (see Table I). On day 2, hemody-
namic and transesophageal echocardiography (TEE)
data showed significant recovery of the LV function (see
Table II).

Lungs were evaluated periodically by CT scan, tho-
racic Rx, and daily lung ultrasound examinations [10].

The patient remained stable on ECMO without any
significant complications during the complete course.

On day 4 of ECMO, lung functions significantly
improved: pulmonary compliance reached 60 cmH,O0,
with Rx, and CT and lung ultrasounds findings were im-
proving dramatically (cleaning of infiltrates, Fig. 1B). VV
ECMO weaning was started, and support was reduced
by progressive extracorporeal blood-flow lessening as
previous reported [8]. On day 6, ECMO was removed,
and on day 8, the patient was extubated.

A transthoracic echocardiogram 4 days after ECMO
explantation showed an LVEF of 65% and good left
ventricular contractility (Fig. 2B); chest radiographs
(Fig. 1C) and CT revealed significant clearing of the pa-
renchymal infiltrates. The patient was discharged from
the intensive care unit and transferred to the medical
ward. Forty-eight hours later, the patient was transferred
to the step-down unit. The rest of the patient’s hospital
course was unremarkable, and he was discharged on hos-
pital day 15.

A 1-month follow-up chest radiograph and respirato-
ry functional tests revealed normal lungs. At a 6-month
follow-up, the patient was well and showed complete
and stable cardiac recovery without neurological seque-
lae: his ejection fraction remained stable without any
sign of regional dyssynergy. At a 12-month follow-up,
the patient demonstrated complete and stable pulmo-
nary recovery without sequelae: his respiratory function,
blood gas analysis, and CT remained stable without any
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sign of regional lesions. He was required no further hos-
pitalization.

Discussion

Seasonal and novel (HIN1-09) influenza commonly
present with a constellation of symptoms known as in-
fluenza-like illness (fever, cough, sore throat, myalgias).
Pulmonary complications, pneumonia and acute respira-
tory distress syndrome, are the major reported causes of
morbidity and mortality associated. Patients with these
complications require intensive care with mechanical
ventilation and possibly extracorporeal life support.

Complications in extra-respiratory tissues such as en-
cephalopathy, myocarditis, and myopathy occur occa-
sionally [11]. The association of a severe influenza-like
illness followed by the development of myocardial dys-
function or cardiomyopathy has been described in epide-
miological studies [12].

The fact that influenza A (HIN1) can develop in
healthy patients and evolve in few hours to a severe
ARDS with a refractory hypoxemia needing recourse to
ECMO in 5% to 20% of patients is new [13, 14].

Although viral myocarditis and heart failure are well-
recognized and feared complications of seasonal influ-
enza A infection, only limited information on HINI1-
induced heart failure has been reported so far. Also
fulminant myocarditis secondary to seasonal influenza
infection has been well described but has not been re-
ported with HINI influenza virus. Emerging but lim-
ited data on HINl-associated cardiac dysfunction is
available [15-23].

We found only two largest retrospective studies in
the literature: Martin et al. [24] have identified revers-
ible cardiac dysfunction in six (2 men and 4 women, age
range 23 to 51 years) out of 123 cases with influenza A
(HIN1) infection, and the Japanese Circulation Society
[25] reported 15 patients (9 men and 6 women, mean
age 42.4 = 20.8 years). However, none of these cases
initially presented with symptoms of acute heart failure.

In our own experience, all other cases of 2009 influ-
enza HINI that had been admitted to our ICU (49 cas-
es) presented with flu-like symptoms and signs of respi-
ratory tract infection.

As mentioned before, influenza is a well-document-
ed cause of myocarditis in both children and adults.
There is a wide clinical spectrum of presentation that
varies from completely asymptomatic to cardiogenic
shock, with dyspnea, arrhythmias, and congestive heart
failure along the continuum. Some patients more com-
monly present with abdominal pain, diarrhea, and leth-
argy [206].

The case presentation of HINT1 influenza discussed
here is of interest because the patient did not present
with a classic influenza-like illness in the initial phase of
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the infection. This atypical presentation could lead to a
delay in diagnosis. The patient had signs and symptoms
of cardiogenic hypoperfusion; he had neurologic and
gastrointestinal symptoms at initial presentation. It is
notable that the patient did not present with dyspnea
or cough, which is the most common clinical symp-
tom in patients with myocarditis and influenza, re-
spectively. So this nonspecific clinical presentation and
the lack of pulmonary symptoms may make diagnosis
difficult. Most patients complained of not upper re-
spiratory symptoms, but only systemic symptoms, but
early recognition of this syndrome could facilitate ini-
tiation of both timely and appropriate therapy. In our
case, VV ECMO was chosen as a mechanical support
against uncontrollable hypoxia and hypercapnia. It was
also the right supportive therapy for heart failure. So
we encountered a young patient with influenza acute
heart failure who was rescued by utilization of ECMO.
Immediate application of ECMO is the key to saving
patient with such a syndrome.

Conclusions

Relevant clinical conclusion can be drawn from this re-
port.

Firstly, influenza HIN1 infection can occur with car-
diac dysfunction without flu-like symptoms. It is impor-
tant to recognize that patient with heart failure might
have influenza infection, with the need for testing for
HINI infection because early diagnosis is required for
adequate treatment.

Second, extracorporeal membrane oxygenation may
produce excellent results in such critically patients and
should be considered before end-stage multiorgan fail-
ure develops.
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