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Abstract

Background: Extracorporeal membrane oxygenation (ECMO) has become an established rescue therapy for severe
acute respiratory distress syndrome (ARDS) in several etiologies including influenza A HIN1 pneumonia. The benefit
of receiving ECMO in coronavirus disease 2019 (COVID-19) is still uncertain. The aim of this analysis was to compare
the outcome of patients who received veno-venous ECMO for COVID-19 and Influenza A HIN1 associated ARDS.

Methods: This was a multicenter retrospective cohort study including adults with ARDS, receiving ECMO for COVID-
19 and influenza A HIN1 pneumonia between 2009 and 2021 in seven ltalian ICU. The primary outcome was any-
cause mortality at 60 days after ECMO initiation. We used a multivariable Cox model to estimate the difference in mor-
tality accounting for patients’ characteristics and treatment factors before ECMO was started. Secondary outcomes
were mortality at 90 days, ICU and hospital length of stay and ECMO associated complications.

Results: Data from 308 patients with COVID-19 (N=146) and HIN1 (N =162) associated ARDS who had received
ECMO support were included. The estimated cumulative mortality at 60 days after initiating ECMO was higher in
COVID-19 (46%) than HIN1 (27%) patients (hazard ratio 1.76, 95% Cl 1.17-2.46). When adjusting for confounders,
specifically age and hospital length of stay before ECMO support, the hazard ratio decreased to 1.39, 95% Cl 0.78-2.47.
ICU and hospital length of stay, duration of ECMO and invasive mechanical ventilation and ECMO-associated hemor-
rhagic complications were higher in COVID-19 than H1NT1 patients.

Conclusion: In patients with ARDS who received ECMO, the observed unadjusted 60-day mortality was higher in
cases of COVID-19 than HIN1 pneumonia. This difference in mortality was not significant after multivariable adjust-
ment; older age and longer hospital length of stay before ECMO emerged as important covariates that could explain
the observed difference.
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Introduction

Since the early 2000s, the critical care community expe-
rienced several waves of Acute Respiratory Distress Syn-
drome (ARDS)-associated pneumonia caused by virus
infection that challenged the capacity of health care sys-
tems to provide high quality care for these critically ill
patients [1-4]. Veno-venous extracorporeal membrane
oxygenation (VV ECMO) has been used as a rescue sup-
portive treatment in ARDS-associated viral pneumo-
nia during influenza A HIN1 pandemia with a hospital
mortality ranging between 29 and 32% [2, 3, 5]. Recent
reports suggest that SARS-CoV-2 infection is more
severe than influenza [6]. Hospital mortality, likelihood
of receiving invasive mechanical ventilation and ICU
length of stay have been shown to be three times higher
in COVID-19 patients compared to seasonal influ-
enza [6]. Initial reports on using ECMO for COVID-19
patients were disappointing, with a mortality rate rang-
ing between 65 and 94% [7, 8]. However, in two multi-
center studies that enrolled highly selected patients who
received the best standard of care at the early stage of
the disease, a probability of 60- and 90-day mortality was
significantly lower (31 and 38%, respectively) [9, 10], and
hospital mortality of 37% was similar to that from robust
metanalysis of observational studies and randomized
clinical trials examining ECMO in adults with COVID-
19 ARDS [11]. Considering these dissimilar results, the
present study assessed whether the outcome of patients
who received VV-ECMO for COVID-19 and Influenza
A HINI1 associated ARDS depends on different viral
etiologies.

Methods

This multi-center retrospective cohort study was con-
ducted at ECMO referral centers of seven Italian teach-
ing hospitals (Additional file 1: Table le) from August
22th 2009 to February 28th 2021. The institutional
review board of each participating hospital approved
the study using data collected for routine clinical prac-
tice and waived the requirement for informed consent.
We collected data on all consecutive adult patients who
were supported with VV ECMO for severe ARDS due
to confirmed (real-time RT-PCR on nasopharyngeal
swabs, or lower respiratory tract aspirates) COVID-19
and influenza A (HIN1). Centers involved in the study
are part of a national ECMO network where specialists
perform remote assessment, deliver advice, and consider
patients against eligibility criteria for retrieval on mobile
ECMO, since the 2009 influenza A HIN1 pandemic [2].
In all centers, patients were considered eligible for VV
ECMO according to shared criteria that are shown in
the electronic supplementary material. All participating
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centers contributed to both HIN1 and COVID-19
patient cohorts.

Data collection

Baseline characteristics included dates of admission to
the hospital and to the referral ICU, age, sex, pregnancy
status, medical history, presence of risk factors for com-
plicated influenza, presence of coexisting chronic dis-
ease, weight and height used to calculate the body mass
index (BMI) and the predicted body weight (PBW), ini-
tial severity assessed by the SAPS II score and organ fail-
ure assessed by the SOFA score. Before starting ECMO,
we recorded the time and duration of hospitalization, of
endotracheal intubation, the use of rescue therapies such
as prone positioning, inhaled nitric oxide (iNO), lung
recruitment maneuvers (LRM), respiratory parameters
(i.e. tidal volume, positive end expiratory pressure, pla-
teau pressure, driving pressure, PaO,/FiO, ratio), arterial
blood gas, and number of lung segments affected on the
chest X-ray. After ECMO cannulation, we recorded res-
piratory parameters, heparin dose, extracorporeal sup-
port operational characteristics (blood flow, sweep gas
rate) at day 1, 7, 14, and 21 under ECMO support. More-
over, time and duration of ECMO treatment and hem-
orrhagic and mechanical complications were recorded.
The number of missing data for each variable recorded is
shown Additional file 1: Table E1. Patients were followed-
up till hospital discharge or death.

Study outcomes

The primary outcome was in-hospital death in a time-to-
event analysis assessed at 60 days after ECMO initiation.
Secondary outcomes were in-hospital death in a time-to-
event analysis assessed at 90 days after ECMO initiation,
duration of ECMO and invasive mechanical ventilation,
ICU and length of hospital stay and the occurrence of
hemorrhagic complications (cannula insertion site, air-
ways, gastro-intestinal and central nervous system) and
mechanical complications (cannula thrombosis, mem-
brane clotting and pump malfunction) while receiving
ECMO.

Statistical analysis

Continuous variables are presented as medians and inter-
quartile ranges (IQR). Categorical variables are presented
as counts and percentages. We compared medians and
percentages between COVID-19 and H1IN1 groups with
rank sum and chi square tests, respectively. We esti-
mated the distribution of mortality (for any cause) over
60 days by Kaplan—Meier curves, and we checked if hos-
pital discharge was a competing event by calculating the
cumulative incidence function using the Fine and Grey
model. We fit a Cox proportional hazards model for the
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Table 1 Baseline characteristics of COVID-19 and H1N1 patients with ARDS
Variables COVID-19N=146 HIN1N=162 P value
Age, yrs 53 (48-59) 47 (37-58) 0.0003
Gender—male, n (%) 124 (85) 100 (62) 0.0001
BMI 29 (26-34) 29 (25-33) 0.1938
Underlying comorbidities, n (%)
Obesity, n (%) 61 (42) 68 (43) 0.825
Arterial hypertension, n (%) 73 (50) 44 (27) 0.0001
Smoking, n (%) 26 (18) 29 (18) 0.983
Diabetes, n (%) 37(25) 23(14) 0.014
Asthma, n (%) 8 (5) 5(@3) 0.297
COPD, n (%) 2(M 8(5) 0.078
Pregnancy, n (%) 2(1) 6 (4) 0.199
Chronic heart failure, n (%) 312 7(4) 0.263
Chronic liver disease, n (%) 4(3) 2(1) 0.340
Chronic renal failure, n (%) 4(3) 1(1) 0.141
Malignancy, n (%) 2(1) 74 0.125
Chronic immunosuppression, n (%) 8 (5) 3(2) 0.087
SOFA 7 (5-9) 8(6-11) 0.0017
SAPSI 35(27-49) 35(27-47) 0.5591
X-ray quadrants involved, n 4 (4-4) 4 (3-4) 0.0004
Hospital days before ECMO 11(6-17) 4 (2-8) 0.0001
ICU days before ECMO 7(3-12) 0(0-3) 0.0001
Days of IMV before ECMO 5(2-9) 2(1-6) 0.0001
Rescue therapies pre-ECMO, n (%)
Lung recruitment maneuvers 104 (65) 88 (73) 0.168
Prone Position 111 (78) 57 (35) 0.0001
Inhaled nitric oxide 51(36) 24 (15) 0.0001
Ventilation setting and ABG pre-ECMO
PaO,/FiO,, mmHg 66 (56-80) 64 (54-82) 0.3373
PaCO,, mmHg 59 (51-74) 56 (48-68) 0.0492
pH 7.34(7.25-7.39) 7.33(7.28-7.39) 09772
FiO, 1(0.95-1) 1(1-1) 0.0104
PEEP, cmH,0 12 (10-14) 15 (14-18) 0.0001
VT/PBW, mi 6 (5-7) 6 (6-7) 0.0237
RR, bpm 25 (22-30) 26 (20-33) 0.0821
Pplat, cmH,0 29 (26-31) 31(29-33) 0.0001
Driving Pressure, cmH,0 16 (13-19) 15(13-18) 0.0515
Compliance respiratory system, ml/cmH,0 26 (21-34) 29 (21-36) 0.126

BMI: body mass index. COPD: Chronic obstructive pulmonary disease. SOFA: Sequential Organ Failure Assessment. SAPS II: Simplified Acute Physiology Score II. LRM:
Lung Recruitment Maneuvers. NO: nitric oxide. LOS: length of stay. IMV: invasive mechanical ventilation. PaO,/FiO,: ratio between arterial pressure and inspired
fraction of oxygen. PaCO,: arterial pressure of carbon dioxide. PEEP: positive end expiratory pressure. VT/PBW: tidal volume divided by predicted body weight. RR:

respiratory rate. Pplat: plateau pressure

outcomes of 60- and 90-day mortality accounting for
patient characteristics and treatment factors before start-
ing ECMO. We censored patients who were still hospi-
talized at the time of the last database update. The Cox
model estimated the hazard ratio of death accounting
for the following potential confounders categorized as
shown in Table 1: age, sex, body mass index, underly-
ing comorbidities, patient severity (SOFA), pre-ECMO

hospital length of stay, rescue therapies before ECMO
(lung recruiting maneuvers, prone position and inhaled
nitric oxide), ventilation settings and gas exchange before
ECMO. The hazard ratio of death at 60 days was also
estimated, accounting for potential confounders such as
ventilation settings (tidal volume, PEEP, respiratory rate,
plateau pressure and driving pressure) and operational
characteristics of ECMO (blood flow and sweep gas) at
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day 1 of extracorporeal support. In addition, the Respira-
tory ECMO Survival Prediction (RESP)-Score, which is a
validated tool to predict survival for patients that receive
ECMO for respiratory failure [12], was incorporated into
the Cox model either by adding it to the above selected
variables or by itself. The hazard ratio of death at 60
and 90 days was estimated, stratifying by center-level.
Multiple imputation (50 imputed datasets) was used to
account for missing values, using chained equations that
fill in missing values in multiple variables iteratively. To
further account for potential confounding, the propensity
score of being affected by COVID-19 vs HIN1 based on
all the covariates described above was calculated using a
probit model, and the derived score was treated as covar-
iate in the Cox model as a sensitivity analysis. Only sub-
jects belonging to the common support were included
both in the main multivariable Cox model adjusted for
all the potential confounders and in the model adjusted
for the propensity score. The common support is the area
where the estimated propensity scores for COVID-19
and HINI1 patients overlap. A convenient sample size for
the study was planned in order to include patients admit-
ted to ICUs of participating centers in the study period
(from August 22 2009 to February 28 2021). Statistical
analyses were performed using Stata 16.1/SE (Stata Cor-
poration, Texas, USA).

Results

Baseline characteristics prior to ECMO

Patients’ characteristics at baseline and the number of
missing data before VV ECMO initiation in the two
groups are reported in Tables 1 and Additional file 1:
Table 2e, respectively. COVID-19 patients were older
compared to HINI1 patients (median years 53 vs 47;
P =0.0003). Moreover, arterial hypertension (50 vs 27%;
P=0.000) and diabetes (25 vs 14%; P=0.014) were more
frequent in COVID-19 than HINI1 patients. Duration of
hospital and ICU length of stay and of invasive mechani-
cal ventilation before ECMO initiation was longer in
COVID-19 patients. Rescue therapies, such as prone
position (78 vs 35%) and inhaled nitric oxide (36 vs
15%), were applied prior to VV ECMO more frequently
in COVID-19 than HIN1 patients. Median PaCO, and
driving pressure were higher in COVID-19 than HIN1
patients, while median PEEP was higher in HIN1 than
COVID-19 patients.

Study outcomes

At 60 days, 67 patients (46%) in the COVID-19 group
and 43 (27%) patients in the HIN1 group had died
(Figs. 1 and 1E). Similar results were obtained when
hospital discharge was considered as a competing
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Fig. 1 Kaplan-Mayer survival curves for COVID-19 and influenza A
H1INT patients

event using the Fine and Gray model. The hazard ratio
of death at 60 days stratified per center and estimated
using the Cox model was 1.76, 95% CI 1.17-2.64.
When adjusting for confounders, mainly age and hos-
pital length of stay before ECMO support (Fig. 2),
the hazard ratio decreased to 1.39, 95% CI 0.78-2.47
(Table 2). Similar results were observed when propen-
sity score analysis was used to account for confound-
ers, hazard ratio for mortality of 1.21, 95% CI 0.7-2.09.
The adjusted hazard ratios of death at 60 days adding
RESP score to previously selected variables or RESP
score alone were 1.43, 95% CI 0.81-2.55 and 1.43, 95%
CI0.93-2.2, respectively. When adjusting for confound-
ers before ECMO support and ventilation settings
(tidal volume, PEEP, respiratory rate, plateau pressure
and driving pressure) and operational characteristics
of ECMO (blood flow and sweep gas) at day 1 of extra-
corporeal support), the hazard ratio of death at 60 days
decreased to 1.54 (95% CI 0.82-2.90).

A Cox proportional hazards model for the outcomes
of 60-day mortality was also performed separately in
COVID-19 and HIN1 (Additional file 1: Tables 4E and
5E). In both cohorts, patients older than sixty had the
highest risk of death. In the HIN1 cohort, the burden
of comorbidities and rescue therapy with inhaled nitric
oxide were associated with higher risk of 60-day mor-
tality. At 90 days, 78 patients (53%) in the COVID-19
group and 48 (30%) patients in the HIN1 group had
died (adjusted hazard ratio 1.33, 95% CI 0.78-2.30
(Table 2). Compared to HIN1, COVID-19 patients
had an unadjusted longer duration of ICU and hospital
stay (median days 40 vs 25 and 50 vs 38, respectively:
P<0.001) and longer duration of invasive mechanical
ventilation and ECMO (median days 22 vs 13 and 33 vs
25, respectively: P <0.005) (Table 3).
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Fig. 2 Cox model of factors accounting for differences in 60-day mortality after ECMO in patients with COVID-19 versus influenza A HIN1

Table 2 Outcomes

End point COVID-19 N=146 HIN1 N=162 Unadjusted hazard ratio (95%  Adjusted hazard ratio
Cl) COVID vs HIN1? (95% Cl) COVID vs
HIN12°
Mortality at 60 days, n (%) 67 (46) 43 (27) 1.76 (1.17-2.64) 1.39(0.78-2.47)
Mortality at 90 days, n (%) 78 (53) 48 (30) 1.63 (1.11-2.41) 1.33(0.78-2.30)

2 Stratified per center

b Adjusted for age, SOFA, SAPS Il, sex, smoke, diabetes, chronic diseases, X-ray quadrants involved, rescue therapies pre-ECMO (LRM, prone position, inhaled NO),
hospital LOS pre-ECMO, days of IMV pre-ECMO, ventilation setting pre-ECMO (VT/PBW, driving pressure, PaCO,, PaO,/FiO,)

Complications after ECMO cannulation

The frequency of hemorrhagic complications was
higher in COVID-19 (47%) than HIN1 (31%) patients.
Bleeding was more frequent in the airways, while it
was similar in all other sites including the central nerv-
ous system (Table 3). There were no differences in
ECMO-related mechanical complications between the
two groups (Table 3).

Time course of mechanical ventilation and ECMO
operational characteristics

In both groups, tidal volume, plateau pressure, driving
pressure, and respiratory rate significantly decreased
over time after starting ECMO (Additional file 1: Tble
3E). However, from day 1 to 14, driving pressure was
significantly higher in the COVID-19 compared to the
HI1N1 cohort, while PEEP was lower (Additional file 1:
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Table 3 End points

Outcome COVID-19N=146 HIN1N=162 PValue

Length of stay, (days)

In the ICU 40 (23-78) 25 (17-41) 0.0001
In the hospital 50 (28-86) 38 (27-53) 0.0001

ECMO duration, (days) 22 (11-38) 13(9-22) 0.0001

Duration of invasive 33 (20-62) 25 (17-43) 0.002

mechanical ventilation,

(days)

ECMO associated complications

Hemorrhagic, n (%) 68 (47) 5132 0.009
Cannula site 32(22) 22 (14) 0.06
Airways 40 (28) 21(13) 0.002
Gastrointestinal 9 (6) 12 (8) 0.647
Central nervous 8 (6) 6 (4) 0467
system

Mechanical, n (%) 38(27) 53(34) 0.189
Cannula thrombosis 6 (4) 4 (3) 0.420
Membrane Clotting 40 (28) 48 (31) 0.649
Pump malfunction 0(0) 4(3) 0.056

Table 3E). PaO, was lower over time in the COVID-19
group compared to HIN1, while PaCO2 had the opposite
trend. VV ECMO blood flow and sweep gas flow were
similar in the two groups, except for higher blood flow
at day 1 and 14 in the COVID-19 group. The daily dose
of heparin was similar in the two study groups, as well as
the values of aPTTr. D-dimer was higher in the COVID-
19 group than in the HIN1 group at day 14 and 21,
instead platelets were lower (Additional file 1: Table 3E).

Discussion

This retrospective clinical study shows that unadjusted
60-day mortality in patients treated with VV ECMO
for ARDS complicating viral pneumonia was higher
in patients infected by SARS-CoV-2 than influenza A
HINTI virus. Increasing age and time to cannulation after
ICU admission accounted for the excessive mortality of
COVID-19 patients. These data suggest that the outcome
of patients with ARDS caused by viral infection may
depend on patient selection rather than the different viral
etiology.

In the last 20 years, several pandemics challenged the
capacity of health care systems. Severe Acute Respiratory
Syndrome (SARS) in 2003 [4], influenza A HIN1 in 2009
[13], COVID-19 in 2019 [14] all had the following in com-
mon: (a) high incidence of ARDS from viral pneumonia;
(b) difficulty in guaranteeing levels of assistance adequate
to the severity of clinical pictures due to overcrowding
in hospitals. Delivering ECMO during an outbreak of an
emerging infectious disease may be demanding due to
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the vast technical and human resources required, along
with voluminous patients’ caseloads and concerns about
its benefit in a period of scarce resources [15, 16]. These
issues are particularly relevant for the COVID-19 pan-
demic since hospital mortality, likelihood of receiving
invasive mechanical ventilation and ICU length of stay
have been shown to be three times higher in COVID-19
patients compared to influenza [6].

We aimed to compare outcomes of COVID-19 and
HI1NT1 patients to understand potential differences in the
severity of the two viral infections leading to ARDS. The
presentation of patients with COVID-19 and HIN1 influ-
enza requiring ECMO differed considerably before can-
nulation in terms of age, comorbidities and time spent
before starting ECMO. Patients with influenza A(HIN1)-
associated ARDS shared some similarities to those
enrolled in previous observational studies regarding pre-
ECMO support characteristics such as age (around 40
yrs), days of invasive mechanical ventilation before can-
nulation (2 days) and hospital mortality rate (30%) [2, 3,
5, 17]. Instead, COVID-19 patients were older than HIN1
patients (53 vs 47 yrs) or those enrolled in two observa-
tional studies by Schmidt and colleagues and by Extra-
corporeal Life Support Organization (ELSO) (53 vs 49
yrs). Moreover, 60-day mortality of COVID-19 patients
was 10% higher (up to 46%) than previously reported [9,
10] and more comparable to that seen in a study by Kar-
ragiannidis and colleagues of ECMO-treated COVID-
19 patients with ages ranging from 18 to 49 years [18].
The Cox model showed that the older age of COVID-19
patients was an independent risk factor for higher mor-
tality. It is worth noting that data from the observational,
registry study of ELSO and from robust meta-regression
analysis highlighted increasing age (higher than 60) as
the strongest predictor of dismal outcome in COVID-19
patients [9, 11, 19]. Differences in age between the two
cohorts of our study may partly explain different results
from an observational study of 52 patients in which
both age and hospital mortality did not differ between
COVID-19 and HIN1 patients [20]. In addition, not
only increasing age but also days spent in the ICU before
ECMO was an independent risk factor for higher mortal-
ity in COVID-19 patients compared to HIN1 patients.
This finding is confirmed by a study by Karagiannidis
and colleagues who found that survival also decreased
according to days of mechanical ventilation prior to
ECMO [18]. SOFA was not associated with increasing
risk of death, a finding that has been previously published
in metanalysis [11]. Among pre-ECMO rescue therapies
associated with survival benefits, prone position was
applied to a lower proportion of patients (76%) than in
the French study (94%), and it was not associated with
outcome [10]. However, we did not consider the rate of
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during-ECMO prone positioning that has been shown
to improve survival [21]. Regardless of ARDS etiology,
ECMO support allowed significant reduction in tidal vol-
ume, plateau pressure, driving pressure and respiratory
rate in nearly all patients, minimizing the risk of venti-
lator-induced lung injury and biotrauma [22]. Except for
day 1, the daily dose of heparin and values of aPTTr were
similar in the two cohorts. However, COVID-19 patients
had higher value of D-dimer and lower platelet counts at
dayl4 and 21. This indicates more fibrinolysis activation
in COVID 19 that could explain higher rates of hemor-
rhagic complications in COVID-19 that were limited to
airways. Hemorrhagic stroke occurred in 4-5% of both
groups. This proportion is similar to that of a large obser-
vational study involving COVID-19, but still lower than
10% and 22.7% in COVID 19 and H1NT1 patients enrolled
in a small study [10, 20]. In the EOLIA trial, hemor-
rhagic stroke only occurred in 2% of the general ARDS
population [23]. Indeed, membrane clotting occurred in
30% of both groups. Whether viral pneumonia is a risk
factor for coagulation activation and membrane clotting
deserves further research. The current study has several
limitations; firstly, patients’ outcomes were compared in
a period of more than 10 years in which standard of care
has changed. However, selected academic ECMO centers
with high volume and experience in extracorporeal sup-
port should guarantee a high standard of care in treating
both COVID and HINI1 patients. Secondly, COVID 19
patients were enrolled during the pandemia, while HIN1
patients were also enrolled outside the pandemic phase.
We acknowledge that the hospital surge during the pan-
demia may affect patient’s outcome. Older age and longer
time spent in hospital before starting ECMO are fac-
tors associated with increased mortality in COVID-19
patients. However, our approach can negate the effects
of residual confounding. Unmeasured factors that may
have influenced decision-making include evaluations
over a telephone consult during the unprecedented pan-
demic strain. All ECMO centers expanded their maxi-
mum capacity; however, it is reasonable to assume that
significant system load during the pandemic could have
affected day-to-day decisions to offer ECMO at referring
or receiving centers. Thirdly, the possibility of residual
confounders such as nosocomial superinfection in deter-
mining outcomes cannot be excluded. This may be rele-
vant since bacterial superinfections are reported to cause
up to 80% of ventilator-associated pneumonia in COVID-
19 patients [10]. Fourthly, indications, weaning criteria
and anticoagulation regimen for ECMO were not stand-
ardized between centers, reflecting only institutional
practices that—in any case -reflect the best standard of
care. Moreover, all analyses were stratified by center.
Fifthly, missing data were present, and this could affect
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the association between variables with missing data and
mortality. However, the multiple imputation approach
implemented in our study should have minimized the
risk of bias. Sixthly, long-term outcomes of patients sup-
ported with ECMO were not available, given the retro-
spective design of the current study.

Conclusions

In patients with ARDS who received ECMO, 60-day mor-
tality was higher in cases of COVID-19 than HIN1 pneu-
monia. This excess in mortality could be explained by
older age and longer length of hospital stay before ECMO
in COVID-19 patients. These data suggest that the out-
come of patients with ARDS caused by viral infection
may depend on patient selection rather than the different
viral etiology. Careful evaluation of patients’ characteris-
tics prior to starting ECMO is required to identify which
COVID-19 patients may derive the greatest benefit from
extracorporeal support and to guide clinical decision
making, especially in the context of pandemic surge.
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