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1 | INTRODUCTION

COVID-19, caused by the novel severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infection, is a global

Abstract

The role of extracorporeal membrane oxygenation (ECMO) in the management of criti-
cally ill COVID-19 patients remains unclear. Our study aims to analyze the outcomes
and risk factors from patients treated with ECMO. This retrospective, single-center study
includes 17 COVID-19 patients treated with ECMO. Univariate and multivariate para-
metric survival regression identified predictors of survival. Nine patients (53%) were suc-
cessfully weaned from ECMO and discharged. The incidence of in-hospital mortality was
47%. In a univariate analysis, only four out of 83 pre-ECMO variables were significantly
different; IL-6, PCT, and NT-proBNP were significantly higher in non-survivors than in
survivors. The Respiratory Extracorporeal Membrane Oxygenation Survival Prediction
(RESP) score was significantly higher in survivors. After a multivariate parametric sur-
vival regression, IL-6, NT-proBNP and RESP scores remained significant independ-
ent predictors, with hazard ratios (HR) of 1.069 [95%-CI: 0.986-1.160], P = .016 1.001
[95%-CI: 1.000-1.001], P = .012; and .843 [95%-CI: 0.564-1.260], P = .040, respectively.
A prediction model comprising IL-6, NT-proBNP, and RESP score showed an area under
the curve (AUC) of 0.87, with a sensitivity of 87.5% and 77.8% specificity compared to
an AUC of 0.79 for the RESP score alone. The present study suggests that ECMO is a
potentially lifesaving treatment for selected critically ill COVID-19 patients. Considering
IL-6 and NT-pro-BNP, in addition to the RESP score, may enhance outcome predictions.

KEYWORDS

Acute respiratory distress syndrome, COVID-19, critical care, extra corporeal membrane
oxygenation, risk factors, SARS-CoV-2

health crisis with over 46 million infections and approx-
imately 1.2 million deaths as of November 1, 2020.! Most
COVID-19 patients present with no or mild symptoms.*’
However, in the early Chinese experience, 14% of patients
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were severely ill, and 5% developed critical respiratory fail-
ure, shock, and multi-organ failure.>* The mortality rate in
critically ill patients is high: between 26% and 61%.>° Using
extracorporeal membrane oxygenation (ECMO) in these pa-
tients remains contlrovelrsial,("8 and its beneficial effect in
non-COVID-19 induced acute respiratory distress syndrome
(ARDS) has been questioned.g'11 Recently, veno-venous
(VV) ECMO support in ARDS has shown better outcomes
and decreased mortality rates.”! The current understand-
ing of COVID-19 pathophysiology is narrow, and knowl-
edge on the utility of ECMO in COVID-19 patients remains
limited.'*!'* There is an urgent need for in-depth analyses of
ECMO use in COVID-19 patients. We aimed to present our
initial experience and outcomes of critically ill COVID-19
patients supported with ECMO. Moreover, we intended to
identify factors that affect the survival of COVID-19 patients
treated with ECMO and develop a potential predictive model.

2 | PATIENTS AND METHODS
Heinsberg district, in the German state of North Rhine-
Westphalia, was one of the first regions presenting with a
severe but localized outbreak of COVID-19. The majority of
critically ill COVID-19 patients from the region were trans-
ferred to RWTH Aachen University Hospital, which serves
as a tertiary care center for the area. Our center prepared for
the SARS-CoV-2 pandemic by increasing ICU capacity; as
such, triage was never undertaken based on ICU or mechani-
cal ventilation availability.

This single-center, retrospective observational study in-
cluded all adult inpatients (>18 years old) from March 1,
2020, to April 20, 2020, who were diagnosed with COVID-
19, according to the WHO interim guidance,15 who de-
veloped severe COVID-19 disease with ARDS, requiring
ECMO support. The study was approved by the local eth-
ics commission of RWTH University Hospital (EK 093/20).
Due to the retrospective nature of the study, the ethical board
waived informed consent.

2.1 | Data collection

Demographics, medical history, treatment regimes, labo-
ratory, mechanical ventilation parameters, and ECMO
settings throughout the hospital stay, and outcomes were ex-
tracted from our patient data management systems (Philips
IntelliSpace Critical Care and Anesthesia and Siemens
Medico). Complications occurring post-ECMO implantation,
including multi-organ failure and hemocompatibility-related
adverse events (HRAE), including bleeding and thromboem-
bolic events, were recorded and analyzed.
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2.2 | ECMO indication and setting

Critically ill COVID-19 patients, who presented with com-
monly accepted ECMO indications as suggested by the
Extracorporeal Life Support Organization (ELS0),'® in
whom all other treatments options have been exhausted: lung
protective invasive mechanical ventilation (MV); prone po-
sitioning; neuro-muscular blockade; and inhaled nitric oxide
(iNO) rescue therapy, were considered for ECMO treatment.

Our center’s standard operating procedure includes an
evaluation by the ECMO-team consisting of intensivist phy-
sicians, cardiothoracic surgeons, and pneumologists during
daily ICU rounds. The ECMO-team made the decision on
the initiation of ECMO support after bedside assessment of
the patient.

Our standard approach for the treatment of isolated respi-
ratory failure is VV ECMO utilization. Percutaneous cannu-
lation, using the Seldinger technique,17 was our technique
of choice for VV ECMO. Depending on the desired flow
rate, and whenever possible, bi-caval single-site cannulation,
using a dual-lumen cannula (27 to 31 Fr), was preferentially
performed over two-site cannulation (femoral-jugular or fem-
oral-femoral) with 19 to 25 Fr cannula. The decision whether
single-site double-lumen cannulation or two sites cannula-
tion was to be performed depends on many factors. Briefly,
in general, when a patient with high BSA (2.2-2.5 m?), a 25
Fr venous cannula as a drainage cannula is necessary, and
for venous-return, a 17-19 Fr cannula will be appropriate to
achieve enough flow with adequate carbon dioxide clearance
and oxygenation. In our experience, the double-lumen can-
nula 27-31 Fr will not provide enough flow and adequate gas
exchange in such settings. The double-lumen cannula’s in-
sertion and positioning are more complex and require more
experience and the ability to perform precise transesophageal
echocardiography guidance. Therefore, in emergent cases or
when performing cannulation in an external hospital, the two
sites’ cannulation (femoral- jugular) is more accessible, safer,
and faster. Another factor in choosing the cannulae was the
cannula’s availability during the COVID-19 pandemic.

The positioning of the cannulae was performed under
transesophageal echocardiographic control. The anticoagu-
lation management for VV ECMO is to achieve and main-
tain a targeted activated partial thromboplastin time (aPTT)
of 40-50 seconds (1 to 1.5 times above the normal range
[20-35 seconds]), using unfractionated heparin. During our
study period, an increased risk of thromboembolic events
in critically ill COVID-19 patients was reported. Therefore,
by 01/04, we altered anticoagulation in ECMO patients to
aPTT of 50-60 seconds or an activated clotting time (ACT)
of 170-180 seconds. As recommended by ELSO,18 careful
examinations of the whole ECMO circuit, using a flashlight,
were performed twice per day to detect white platelet/fibrin
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thrombi and clots, usually identified as dark non-moving
areas on the surfaces. Pre and post membrane pressures are
continuously monitored. Clotting in the oxygenator is repre-
sented by increasing membrane lung pressure gradient.18
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2.3 | Laboratory analysis

Detailed laboratory analyses were performed daily and in-
cluded complete blood count electrolytes; measures of he-
mostasis; hemolysis markers; biochemical tests of cardiac,
renal, and liver function; NT-pro-brain natriuretic peptide
(NT-proBNP); interleukin 6 (IL-6); procalcitonin (PCT);
plasma C-reactive protein (CRP); fibrinogen; and D-dimers.
Blood gas analyses were performed in intervals of 1-2 hours.

2.4 | Confirmation of SARS-CoV-2
Throat-swabs, tracheal secretions, or bronchoscopic alveo-
lar lavage were obtained for SARS-CoV-2 testing from each
patient immediately at admission. COVID-19 infection was
confirmed by real-time reverse-transcription-polymerase-
chain-reaction (RT-PCR) assays.

2.5 | Statistical analysis

Categorical variables are presented as absolute numbers
and percentages. Continuous variables were tested for nor-
mal distribution with the Kolmogorov-Smirnov test and
presented as the median and interquartile range (IQR) for
non-normally distributed variables and mean + standard
deviation (SD) for normally distributed data. Comparison
between survivors and non-survivors was accomplished
through univariate analyses using a Mann-Whitney U test
or ¢ test, where appropriate. Categorical variables were an-
alyzed using Fisher’s exact test. To identify predictors of
in-hospital mortality and calculate the hazard ratio (HR)
with a 95%-confidence interval (95%-CI), a multivariate
parametric survival regression analysis was performed. The
entry criteria for the multivariate analysis was a P value
< .05 in the univariate analysis. We examined the receiver-
operator characteristic (ROC) curve and area under the curve
(AUC) from each independent predictor, and all predictors
combined, as a prediction model. Kaplan—Meier survival
curves were generated, and the log-rank test was used for
a linear trend. All statistical comparisons were two-sided.
P values < .05 were considered significant. Parametric sur-
vival regression and ROC curves analyses were performed
with STATA (Release 16, StataCorp, College Station, TX,
USA). All other analyses were performed using R (Version
3.6, Vienna, Austria) and the Jamovi project (Version 1.2,
https://www.jamovi.org).

3 | RESULTS

3.1 | Pre ECMO phase

During the study period, 17 COVID-19 patients were treated
with ECMO. Table 1 depicts the characteristics and labora-
tory data before ECMO implantation. 35% of the patients were
female, the median age was 57 years (range 39-73 yrs), with a
median BMI of 28.2 kg/m2 (IQR 24.7, 31.1). Eleven patients
(64%) presented with typical COVID-19 symptoms at hospital
admission (fever, dyspnea, diarrhea). The median body tem-
perature at hospital admission was 38.6°C (37.3°C, 38.8°C).

One patient had a history of cardiac surgery; one patient
had coronary artery disease, with a history of myocardial
infarction and percutaneous coronary intervention; four pa-
tients (24%) were active smokers; five patients (29%) had
pneumonia in their medical history; and one patient had a his-
tory of lung surgery, due to adenocarcinoma; one patient was
on immunosuppressive medication because of kidney trans-
plantation. All patients had a PaO,/FiO, ratio < 100 before
ECMO initiation (range 53-75). The median duration of MV
before ECMO was three days (3, 15). Eight patients (47%)
had iNO before ECMO support.

Three patients (18%) received antiviral medication, all 17
patients required antibiotics for bacterial superinfection, and
all patients had prone position treatment and initial neuromus-
cular blockade. In the last blood gas analysis prior to ECMO,
the median pO, was 77 mmHg (67, 93) and the median pCO,
was 66 mmHg (47, 77). Prior to ECMO implantation, the mean
leukocyte number was 14 + 6.9 /nL, median IL-6 level was
255 pg/mL (112, 404), median PCT was 5.1 ug/L (0.56, 6.9),
median C-reactive protein was 186 ng/mL (120, 280), NT-
proBNP was 1765 pg/mL (605, 4122), and creatine kinase-MB
was 21 U/L (18, 27). Further details are presented in Table 1.

3.2 | ICU scoring system

Details of all ICU scores just before ECMO initiation and
on the last day of ECMO support are presented in Table 2.
Glasgow Coma Score (GCS) at hospital admission was
13.8 + 0.8. Prior to ECMO initiation, mean scores were as
follows: Sequential Organ Failure Assessment score (SOFA)
11.9 + 9.4 9; Richmond Agitation Sedation Scale (RASS)
—2.9 + 5.1; Simplified Acute Physiology Score II (SAPS
II) 46.1 + 11.8; Respiratory Extracorporeal Membrane
Oxygenation Survival Prediction (RESP) score —1.0 + 2.7;
predicted survival probability ranged from 15% to 75%.

3.3 | ECMO initiation

Details of ECMO settings and clinical progression, during
and after ECMO, are shown in Table 3. Sixteen (94%)


https://www.jamovi.org

ZAYAT ET AL. Artificial
Organs

WILEY-L®

TABLE 1 Demographics and clinical course before ECMO initiation

Total (n = 17) Survivors (n = 9) Non-survivors (n = 8) P value
Age years 57.0 (53.0, 62.0) 57.0 (53.0, 60.0) 57.5 (52.5, 62.0) .89
Female 6 (35%) 2 (22%) 4 (50%) .28
BMI Kg/m? 28.2 (24.7,31.1) 28.2(25.7,30.5) 30.1 (24.6, 36.9) .58
LVEF % 55.0 (50.0, 55.0) 55.0 (54.0, 55) 52.5 (50.0, 57.5) .89
aHT 6 (35%) 4 (44.4%) 2 (25%) 40
CAD 1 (6%) 1 (11%) 0 (0%) .33
DM 6 (35%) 3 (33%) 3 (38%) .86
KD 14 (82%) 8 (89%) 6 (75%) 45
PAD 1 (6%) 0 1(12%) 27
CVD 0 0 0 -
Nicotine use 4 (24%) 2 (22%) 2 (25%) .89
Prior pneumonia 5(29%) 2 (22%) 3 (38%) .61
COPD 3 (18%) 2 (22%) 1 (12%) .60
HPL 2 (12%) 1 (11%) 1 (12%) .93
AF 6 (35%) 4 (44%) 2 (25%) 40
History of RHF 4 (24%) 1 (11%) 3 (38%) .20
Prior MI 1 (6%) 1 (11%) 0 (0%) .33
Prior PCI 1 (6%) 1(11%) 0 (0%) .33
PHT 1 (6%) 1(11%) 0 (0%) .33
Prior CS 1 (6%) 0 (0%) 1 (12%) 27
Prior Lung Surgery 1 (6%) 1(11%) 0 (0%) 33
History of malignancy 1 (6%) 1 (11%) 0 (0%) 33
Immunosuppressive agents 1 (6%) 0 (0%) 1 (12%) 27
Typical symptoms 17 (100%) 9(100%) 8(100%) -
Fever at admission 9 (53%) 6 (67%) 3 (38%) 23
Temperature °C 38.6 (37.3, 38.8) 38.7 (37.9, 38.9) 37.7 (36.3, 38.7) .16
Cough 10 (58.8%) 4 (44.4%) 6 (75.0%) .20
Dyspnea 12 (70.6%) 6 (66.7%) 6 (75.0%) 71
Diarrhea 3 (17.6%) 3(33.3%) 0 (0.0%) .072
Pre ECMO-LOS days 5.0 (4.0, 16.0) 4.0 (3.0, 5.0) 12.0 (5.0, 18.5) 11
Mechanical ventilation settings pre ECMO implantation
MV pre-ECMO days 33, 15) 3@3,4) 8.5(2,17) .39
iNO inhalation 8 (47%) 5 (56%) 3 (38%) 46
FiO, % 80 (65, 100) 80 (60, 100) 75 (67.5, 97.5) .96
Pinsp mbar 28 (25, 30) 26 (25, 28) 29 (28, 31) .062
PEEP mbar 14 (12, 15) 14 (10, 15) 13.5 (12.5, 14.5) .69
VTe mL 320 (280, 454) 347 (295, 454) 299 (219, 410) 47
Vf min~! 24 (22, 30) 24 (22, 26) 24 (23, 30.5) .35
CVP mmHg 14.0 (11.0, 15.0) 15.0 (11.0, 16.0) 13.5(11.0, 14.5) 49
mPAP mmHg 30.0 (25.0, 33.0) 29.0 (25.0, 32.0) 32.5(26.5, 34.0) .53
Antiviral treatment 3(18%) 2(22.2%) 1(12%) 1.00
Inotropes 12 (70.6%) 7 (77.8%) 5(62.5%) .61
Vasopressor 15 (88.2%) 8 (88.9%) 7 (88%) 1.00

Blood gas and laboratory tests

(Continues)
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TABLE 1 (Continued)
Total (n = 17) Survivors (n = 9) Non-survivors (n = 8) P value
pO, mmHg 77.0 (67.0, 93.0) 79.0 (67.0, 103.0) 76.5 (60.5, 87.0) 41
pCO, mmHg 66.1(47.7,717.2) 65.5(35.4,72.8) 70.7 (55.0, 78.7) .29
pH 7.3(72,7.4) 73(7.2,74) 7.3(7.2,7.3) .70
BE mmol/L 1.8 (-3.7, 6.5) 1.8 (-3.5,2.3) 3.1 (-4.6,7.8) 47
HCO; mmol/L 26.4 (24.7,34.4) 25.6 (22.3,30.8) 29.2 (24.9, 36.1) 15
Na* mmol/L 145.0 (142.0, 151.0) 145.0 (144.0, 148.0) 144.0 (139.5, 152.0) .81
K* mmol/L 4.40 (3.80, 4.60) 4.50 (3.90, 4.60) 4.30 (3.80, 4.65) .88
Hb g/dL 9.3(7.9,9.9) 9.4 (7.8,9.9) 9.2(8.2,11.1) .81
WBC /nL 14.0+6.9 149 +93 129 +3.0 .54
Platelets /nL 226 (205, 389) 226 (205, 290) 243.3 (179.5, 458.5) .96
Creatinine mg/dL 1.1 (0.8, 1.6) 1.4 (0.8, 1.8) 1.1(0.9,1.4) 74
BUN mg/dL 64.0 (43.0, 111.0) 62.0 (35.0, 77.0) 67.5 (48.5, 132.5) 25
GLDH U/L 8.6 (3.9, 12.0) 4.3 (3.2,8.6) 11.0 (6.7, 13.0) .10
CK U/L 234.0 (73.0, 598.0) 234.0 (167.0, 715.0) 338.5 (43.5, 597.0) .39
CK-MB U/L 21.0 (18.0, 27.0) 23.0 (20.0, 27.0) 18.0 (15.0, 40.0) .36
TnT pg/mL 22.0 (12.0, 52.0) 23.0 (10.0, 52.0) 21.0 (15.0, 57.5) .63
Bilirubin mg/dL 0.5(0.4,0.8) 0.5(0.4,0.7) 1.1(04,2.2) 25
ALT U/L 36.5 (31.0, 45.0) 32.0 (27.0, 39.0) 44.0 (34.8, 83.0) .092
AST U/L 66 (38, 126) 61 (37,91) 79.5 (54, 154) 370
fpHb mg/L 36.0 (22.0, 44.0) 25.0 (20.0, 36.0) 43.5(29.5, 55.0) A1
LDH U/L 403.0 (314.0, 480.0) 403.0 (314.0, 480.0) 369.5 (313.5, 560.0) 1.00
PTT seconds 33.0 (28.6, 36.8) 33.0 (28.6, 36.8) 33.1(28.2, 36.0) .92
INR 1.3(1.2,1.3) 1.3(1.2,1.3) 1.2(1.1,1.3) .65
IL6 pg/mL 255 (112, 404) 112.4 (80, 287) 422 (267.4, 1120) .013
CRP mg/L 186.5 (120.0, 280.0) 276.0 (120.0, 280.0) 174.2 (127.5, 249.2) .70
PCT ng/mL 5.1(0.56, 6.9) 1.13 (0.56, 2.7) 6.7 (5.5,9.1) .026
D-dimer pg/dL 454.7 (174.5, 1204.6) 658.5 (376.4, 1874.4) 283.8 (171.9, 829.6) 34
Fibrinogen mg/dL 656.0 (432.0, 717.0) 672.0 (462.0, 717.0) 464.0 (414.5,704.5) 47
NT-proBNP pg/mL 1765.0 (605.0, 4122.0) 706.9 (438.0, 1765.0) 4097.0 (1765.7, 8065.0) 043

Abbreviations: AF, atrial fibrillation; ALT, alanine transaminase; AST, aspartate transaminase; aHT, arterial hypertension; BE, base excess; BMI, body mass index;
BUN, blood urea nitrogen; CAD, coronary artery disease; CK, creatine kinase; CK-MB, creatine kinase myocardial band; COPD, chronic obstructive pulmonary
disease; CS, cardiac surgery; CVD, cerebrovascular disease; CVP, central venous pressure; DM, diabetes mellitus; FiO,, fraction of inspired oxygen; ECMO,
extracorporeal membrane oxygenation; fpHb, free plasma hemoglobin; GLDH, glutamate dehydrogenase; Hb, hemoglobin; HCO;, hydrogen carbonate; HLP,

hyperlipoproteinemia; K*, potassium; KD, kidney disease; iNO, inhaled nitric oxide; ICU, intensive care unit; IL-6, interleukin-6; LDH, lactate dehydrogenase; LOS,
length of stay; LVEF, left ventricular ejection fraction; MI, myocardial infarction; mPAP, mean pulmonary artery pressure; MV, mechanical ventilation; Na*, sodium;
NT-proBNP, N-terminal prohormone of brain natriuretic peptide; PAD, peripheral arterial disease; pCO,, partial pressure of carbon dioxide; pCRP, plasma C-reactive
protein; PCT, procalcitonin; PHT, pulmonary hypertension; PCI, percutaneous coronary intervention; pO,, partial pressure arterial oxygen; PTT, partial thromboplastin

time; RHF, right heart failure; PEEP, positive end-expiratory pressure; Pinsp, maximal inspiratory pressure; V{, ventilation frequency; VTe, expiratory tidal volume;

WBC, white blood cells; TnT: Troponin T.

patients had VV ECMO, and one patient received VA
ECMO. Nine patients (53%) had one-site cannulation,
with a dual-lumen cannula in the right internal jugular
vein (IJV). Seven patients (41%) received two-site
cannulations in the internal femoral artery and IJV. One
patient had two-site cannulations using the femoral artery
and vein. One patient, who initially received VV ECMO
with two site cannulations, suffered myocardial infarction
during ECMO-support, decompensated, and developed

cardiogenic shock with predominant severe right heart
failure and required a switch to VA ECMO using femoral-
artery and vein cannulation. Nine patients (53%) were
assessed, cannulated, and retrieved by our mobile ECMO-
team from a peripheral hospital. The mean ECMO flow
was 4.5 + 1 L/min. Hemoperfusion for cytokine adsorption
using the CytoSorb (Cytosorbents, Monmouth Junction,
NJ, USA) or HA-380 cartridges (Jafron Biomedical,
Zhuhai City, China) was applied to eight patients (47%).
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Total (n = 17)

Survivors (n = 9)

Non-survivors (n = 8)

GCS at hospital 13.9+0.8 13.8 +£0.8 14.1+£0.8
admission
Pre-ECMO implantation
RESP score -1.0+27 02+20 -2.6+238
NEMS 38.9 +10.6 41.8+4.8 35.6 + 144
NEMS+SAS 422 +10.6 448 +42 394+ 14.8
RASS =29 45 3.1 —-4.1+02 -1.6+7.5
SAPS I 46.1 + 11.8 46.7 + 8.7 454 +15.2
SAS 284 2.3 2507 33+34
SOFA 11.9+94 98+23 125+79
Core-10-TISS 17.4 £ 4.7 16.7 +£3.7 18.1 £5.7
Last day on ECMO / pre-explantation
NEMS 415+11.2 459+4.4 36.6 + 14.7
NEMS+SAS 451+ 119 48.6 +4.9 41.1+16.2
RASS —1.88 +£7.99 —3.75 £ 0.46 0.00 + 11.34
SAPSII 46.1 + 8.7 475+ 10.1 448 +74
SAS 3.6+47 25+08 48 +6.6
SOFA 148 +£6.3 13.0+2.1 169 + 8.8
Core-10-TISS 18.6 + 10.0 21.6 +10.4 154 £9.1

ARl E163
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TABLE 2 Intensive care unit calculated
P value

risk scores
97

.046
21
41
.80
.88
.84
.85
.63

.059
.29
91
1
57
28
.33

Abbreviations: RESP, Respiratory Extracorporeal Membrane Oxygenation Survival Prediction score; NEMS,
Nine Equivalents of Nursing Manpower use score; SAS, Riker Sedation-Agitation Scale; RASS, Richmond
Agitation-Sedation Scale; SAPS II, Simplified Acute Physiology Score II; SOFA, Sequential Organ Failure

Assessment score; Core-10-TISS, Therapeutic Intervention Scoring System.

Median ECMO support lasted 16 (11, 21) days. On aver-
age, each ECMO circuit required one exchange of the oxy-
genators. We had 20 exchanges in 17 ECMO circuits. In three
patients with prolonged ECMO-support, replacement of the
oxygenator was required twice. As of June 1, 2020, nine pa-
tients (53%) have been weaned successfully from ECMO and
discharged, and eight patients (47%) died while on ECMO
support. Septic shock with vasoplegia and multi-organ failure
was the leading cause of death (88%). Seven patients (41%)
developed right heart failure, while on ECMO-support, and
eight patients (47%) received iNO during ECMO. The me-
dian duration of iNO treatment was two days (0, 4). One pa-
tient suffered a myocardial infarction while on VV ECMO
support. The supplementary Table S1 demonstrates a com-
parison between double-lumen and two sites cannulation.
There were no significant differences between the two dif-
ferent cannulation approaches in blood flow, survival, ICU
stays, or adverse event incidence.

Details about HRAE are presented in Table 4. The inci-
dence of ischemic stroke was 12%, and hemorrhagic stroke
was 29%. Five patients had a pulmonary embolism (29%).
The incidence of peripheral thromboembolic events was 29%.
Eight patients (47%) had airway bleeding requiring transfu-
sion of packed red blood cells (PRBCs). The median length
of ICU stay was 24 days (14, 54) days, and the total length of
hospital stay was 24 days (17, 55).

3.4 | Survivors versus non-survivors

Table 1 presents a comparison of patients’ characteristics
stratified by hospital survival status (survivors vs. non-
survivors). Prior to ECMO initiation, the median NT-proBNP
value was significantly higher in non-survivors: 4097 pg/mL
(1765, 8065) versus 706 pg/mL (438, 1765), P = .045. IL-6
and PCT were also significantly higher in non-survivors: 112
pg/mL (80, 287) versus 422 pg/mL (267, 1120), P = .013, and
6.7 ng/mL (5.5, 9.1) versus 1.1 ng/mL (0.5, 2.7), P = .026,
respectively. All other characteristics and laboratory data,
prior to ECMO support, did not differ by survival status
(Table 1).

Of the ICU scores, the RESP score was significantly
higher in survivors; 0.2 + 2.0 versus —2.6 + 2.8, P = .046.
All other scores did not differ significantly between the two
groups (Table 2). Pre-ECMO SOFA scores did not differ
between survivors and non-survivors (Table 2). However,
within each group, the SOFA score increased during ECMO
support. It was significantly higher at last before ECMO-
cessation within each group compared to pre-ECMO SOFA
score (survivors: 9.8 + 2.23 vs. 13.0 = 2.1, P = .007) and
(non-survivors: 12.5 + 7.9 vs. 16.9 + 8.8, P = .004).

Three non-surviving patients (38%) and two surviving
patients (22%) had a history of pneumonia (NS, P > .05).
The cannulation site and ECMO configuration did not
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TABLE 3 ECMO settings and clinical
progression

VV ECMO

VA ECMO
Configuration switch
FV-IIV

FV-FA

DLC

CytoSorb use
ECMO duration days
ECMO flow L/min
RHF

iNO inhalation

iNO duration days
Septic shock

Sepsis

Dialysis

Delirium

DIC

MI

Total PRBC units

PRBC during ECMO
units

Total PC units
Total albumin units
Total LOS days
ICU stay days
Total MV days

Non-survivors

Total (n = 17) Survivors m=9) m=38) P value
16 8 (88.9%) 8 (100%) 1.00
1 (6%) 1(11.1%) 0 1.00
1 (6%) 0 1 (6%) 1.00
7 (41%) 2 (22.2%) 5(62.5%) 23
1 (6%) 1 (11.1%) 0 1.00
9 (53%) 6 (66.7%) 3 (37.5%) A7
8 (47%) 5 (55.6%) 3 (37.5%) 78
16 (11, 21) 16 (11, 19) 14.5 (9.5, 22) 74
5.0 (4.0,5.7) 4.6 (4.0,5.5) 4.5(4.0,5.8) .78
7 (41%) 4 (44%) 3 (38%) 77
8 (47%) 5 (56%) 3 (38%) 46
2.0 (0.0, 4.0 2.0 (0.0, 4.0) 2.0 (0.0, 4.5) 1.00
10 (59%) 5 (56%) 5 (62%) 77
15 (88%) 8 (89%) 7 (88%) .93
15 (88%) 9 (100%) 6 (75%) 11
4 (24%) 3 (33%) 1 (12%) 31
4 (24%) 1 (11%) 3 (38%) .20
1 (6%) 0 (0%) 1 (12%) 27
32.0 (24.0,41.0) 36.0 (32.0,51.0) 25.0(19.5,35.5) .16
25.0 (16.0,33.5) 25.0(12.0, 35.5) 25.0(19.5,33.5) .71
0.0 (0.0, 7.0) 0.0 (0.0, 1.0) 3.5(0.0, 11.0) .33
85.0 (6.0, 251.0) 121.0 (6.0, 167.0)  43.0 (4.5,320.0) .92
24.0 (17.0,55.0)  55.0 (36.0, 64.0) 14.0 (4.0,20.0)  .005
24.0 (14.7,54.0)  53.0 (36.0, 57.0) 19.9 (11.1,23.9) .083
46.2 (22.1,57.0)  57.0 (47.0, 58.0) 23.1(13.3,38.5) .007

Abbreviations: DIC, disseminated intravascular coagulation; DLC, double-lumen cannula in the right internal
jugular vein; ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit; IJV, internal jugular

vein; LOS, length of stay; MI, myocardial infarction; PRBC, packed red blood cell; PC, platelet concentration;

FA, femoral artery; FV, femoral vein; MV, mechanical ventilation; RHF, right heart failure; VA, veno-arterial;

VYV, veno-venous.

differ between survivors and non-survivors (Table 3). Median
ECMO support time for non-survivors was 14.5 days (9.5,
22), and the maximum duration was 61 days. The median sur-
vival time for the whole cohort was 62 days (Figure 1). For
the survivors’ group, the median ECMO support time was 16
days (11, 19), and the maximum duration was 27 days.
Patients in the survivors’ group had 544 days at risk,
compared to 155 days among non-survivors. The in-hospital
mortality rate was 0.01 patients per day, with log-rank test-
ing showing a significant difference (P < .001) between the
Kaplan-Meier survival curves of the two groups (Figure 1).
The time courses of selected biomarkers are presented in
Figure 2. During ECMO support, all measured laboratory
parameters, including inflammatory and infection biomark-
ers, and hemolysis markers, were not significantly differ-
ent between survivors and non-survivors. Time courses of

NT-proBNP and D-dimer concentrations were also compa-
rable in both groups. Troponin T (TnT) increased in both
groups during ECMO support, compared to levels prior to
ECMO initiation (NS, P > .05).

3.5 | Sub-analysis of cytokine
adsorber effect

Supplementary Table S2 shows the time course of laboratory
parameters comparing eight patients treated with ECMO plus
cytokine adsorber and nine patients who received ECMO without
cytokine adsorber. Only CRP levels decreased significantly
in the hemoperfusion group, starting at day three of ECMO
support. They remained markedly lower for seven days (Figure
S1).IL-6 and PCT did not differ between the groups (Figure S1).
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Total Survivors Non-SUrvivors p TABLE 4 Hemocompatibility-related
=17 =9 (=8 value adverse events

Total HRAE 12 (71%) 6 (67%) 6 (75%) 71
Total TEE 7 (41%) 5 (56%) 2 (25%) .20
Bleeding events 10 (59%) 4 (44%) 6 (75%) 20
GI bleeding 2 (12%) 1(11%) 1 (12%) .93
Airway bleeding 8 (47%) 3(33%) 5(62%) 23
Hemothorax 1 (6%) 0 (0%) 1 (12%) 27
Pericardial tamponade 1 (6%) 0 1 (12%) 93
Hemorrhagic stroke 5 (29%) 3 (33%) 2 (25%) 1
Ischemic stroke 2 (12%) 1(11%) 1(12%) 93
Pulmonary artery 5 (29%) 3 (33%) 2 (25%) 1
embolism
Embolic event 1 (6%) 1(11%) 0 (0%) 33
Thrombosis 4 (24%) 3(33%) 1(12%) 31
Bleeding from cannulation
sites
Requiring > 2 PRBC 9 (53%) 5 (56%) 4 (50%) 934
Requiring intervention 1 (6%) 1 (11%) 0 33

Abbreviations: GI, gastrointestinal; HRAE, Hemocompatibility related adverse events; PRBC, packed red

blood cell; TEE, thromboembolic events.

Kaplan-Meier survival estimate

FIGURE 1 Kaplan—Meier survival
curves for COVID-19 patients treated with

=9 extracorporeal membrane oxygenation. The
gray dotted lines show the median survival
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Three patients (37%) in the ECMO + hemoperfusion group and
five patients (55.5%) in the ECMO only group did not survive to
hospital discharge (NS log-rank test, P > .05) (Figure S1).

3.6 | Multivariate parametric
survival regression

Eighty-one variables from Tables 1 and 2 were included in
the univariate analysis; only four variables were independent

factors with P < .05. Pre-ECMO NT-proBNP levels were
significantly higher in non-survivors: 4097 pg/mL (1765,
8065) versus 706 (438, 1765), P = .043. Non-surviving
patients also had significantly higher pre-ECMO IL-6
(P = .013) and PCT values (P = .026). The RESP score
was significantly lower in non-survivors (P = .046); the
estimated survival from the RESP score was 29% + 14%
for non-survivors and 51% + 12% for survivors. We entered
RESP scores, NT-proBNP, IL-6, and PCT values into the

multivariate parametric survival regression (Table 5). All
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FIGURE 2 Time-course of selected laboratory parameters. Hb: hemoglobin; IL-6: interleukin-6; NT-proBNP: N-terminal prohormone of
brain natriuretic peptide; PCT: procalcitonin; pCRP: plasma C-reactive protein; TnT: Troponin T

TABLE 5 Multivariate parametric
survival regression
RESP score

IL-6 pg/mL
PCT ng/mL
NT-proBNP pg/mL

HR Std. Err. P value 95% - CI Interval
0.843 0.173 .040 0.564 1.260
1.069 0.044 016 0.968 1.160
1.007 0.002 .108 1.002 1.011
1.001 0.000 .012 1.000 1.001

Abbreviations: CI, Confidence interval; HR, Hazard ratio; IL-6, Interleukin-6; NT-proBNP, N-terminal
prohormone of brain natriuretic peptide; PCT, procalcitonin; RESP, respiratory extracorporeal membrane
oxygenation survival prediction score; Std. Err, Standard error.

variables, except PCT, remained independent predictors of
in-hospital mortality for critically ill COVID-19 patients
treated with ECMO.

The RESP score had an HR of 0.843 [95%-CI: 0.564-1.260],
P = .04; 1L-6 had an HR of 1.069 [95%-CI: 0.986-1.160],
P < .023; and NT-proBNP had an HR of 1.001 [95%-CL:
1.000-1.001], P = .012 (Table 4). Using only the RESP score
to predict mortality gave an AUC of 0.79 with 62.5% sensi-
tivity and 100% specificity (Figure 3). We tested a prediction
model for in-hospital mortality in COVID-19 patients treated
with ECMO, with RESP scores and pre-ECMO IL-6 and
NT-proBNP values. The model showed an AUC of 0.87 with
87.5% sensitivity and 77.8% specificity (Figure 3). IL-6 alone

had an AUC of 0.70 and, with a cut-off of 122 pg/mL, a sensi-
tivity of 88.8% and specificity of 50%. NT-proBNP had an AUC
of 0.74, 88% sensitivity, and 55% specificity, with a 814 pg/mL
cut-off.

4 | DISCUSSION

ECMO support is recommended for critically ill COVID-19
patients who do not improve despite optimal ARDS standard
therapies, including prone position, protective MV with high
end-expiratory pressure, and low tidal volume. 1316 However, its
exact role and benefits in COVID-19 patients remain uncertain.
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of in-hospital mortality predictors. AUC: area under the curve; IL-6:
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membrane oxygenation survival prediction score

In the present study, the outcomes and risk factor analy-
ses of ECMO-support in 17 critically ill COVID-19 patients
are reported. The key findings are summarized as follows.
First, the rate of successful weaning from ECMO and sur-
vival to hospital discharge was 53%, demonstrating a reason-
able outcome comparable to recently published data from the
ELSO registry and the Paris—Sorbonne University Hospital
Network.>!?

Second, our analyses demonstrated that the RESP score is
a reliable predictor of survival of COVID-19 patients treated
with ECMO. Third, we identified high levels of IL-6 and
NT-proBNP as independent predictors of in-hospital mor-
tality. By adding IL-6 and NT-proBNP values to the RESP
score, we demonstrated a superior prediction capability.

Patients who are successfully weaned from a prolonged
ECMO-support and survive severe COVID-19 disease often
require MV and have disability leading to a prolonged hospi-
tal stay and making the “awake ECMO” not the appropriate
approach. Crotti et al.? clearly demonstrated that patients
awaiting lung transplants and patients with COPD responded
excellently to spontaneous breathing ECMO, while 50% of
ARDS patients failed to tolerate “awake ECMO.”

In this study, nine patients were discharged from the
hospital after a prolonged weaning from MV and intensive
physiotherapy treatment. Nevertheless, the majority were
transferred to rehabilitation facilities (2 to 3 weeks) to con-
tinue recovery. These findings underline the need for future
studies focusing on the long-term outcomes of these patients.

Another important finding in our study is the high rate
of hemorrhagic stroke in COVID-19 patients treated with

Organs _W ILE Yﬂ

ECMO (29%) compared to the reported incidence of 1.8%—
10.9% in non-COVID-19 ARDS patients.ﬂ’22 The high rate
of intracranial hemorrhage in COVID-19 has been reported
in recently published studies.”?* A possible explanation for
the higher incidence of intracranial bleeding is the vasculop-
athy and anticoagulation disorder induced by COVID-19.”

The successful weaning rate from ECMO in our study is
greater than previously reported rates.>'? Jacobs et al.'? reported
on 32 COVID-19 patients from nine different hospitals; at the
time of analysis, 17 patients (53%) were still alive on ECMO,
and only five (15.6%) had been weaned from ECMO and
MV.'"? Yang et al.? describe the clinical course of 52 critically
ill COVID-19 patients from Wuhan, China, six required ECMO
support, and mortality reached 83%. Conversely, Marullo
et al.”? analyzed data from 333 COVID-19 patients using the
ELSO registry and reported an overall mortality of only 17%.
However, at the time of the analysis, the actual ECMO weaning
rate was 18%, with the remaining patients still alive on ECMO
support. The patient selection might significantly contribute to
the differences in these survival rates.

4.1 | IL-6 and cytokine adsorption as a
possible rescue tool

It is of utmost importance to identify risk factors and survival
predictors to refine ECMO indications and offer it to COVID-
19 patients most likely to benefit. Recent studies suggest that
COVID-19 mortality is associated with virus-activated “cy-
tokine storm syndrome”.”*?” The cytokine storm describes a
hyperactive immune response, defined by the release of inter-
leukins, interferons, tumor necrosis factors, chemokines, and
various mediators.?” Previous clinical ARDS trials have con-
firmed that ARDS’s hyper-inflammatory phenotype, charac-
terized by increased pro-inflammatory cytokines, is associated
with worse outcomes.”®* The characteristics of this phenotype
are most likely to correspond to those in cytokine storms.
Marullo et al.' speculated that the use of VA ECMO
might offer better lung protection, as it can decrease IL-6 lev-
els in the pulmonary circulatory system by bypassing the pul-
monary circulation. Following recent studies,%’30 we found
that higher levels of IL-6 before ECMO initiation increased
mortality by 6%. Higher levels of IL-6 in ARDS patients
have also been shown to increase the risk of mortality.31’32
However, the underlying mechanism, and the role of IL-6 in
ARDS pathogenesis, has not yet been thoroughly investigated.
During ECMO support, we did not detect a significant dif-
ference in IL-6 levels between survivors and non-survivors.
One possible explanation for this is that both COVID-19
and ECMO support generate an extensive inflammatory
response.33’34 Therefore, any significant difference between
the groups in IL-6 levels before ECMO initiation vanished
as soon as ECMO started. Risens et al.* also suggested
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ECMO. They analyzed 22 patients, including neonates and
adults, and found that survivors had lower IL-6 levels than
non-survivors.>> With this in mind, we can speculate that an-
other possible tool to eliminate the damaging effects of IL-6
and improve patients’ outcomes might be the use of a cyto-
kine adsorber while on ECMO support. Recent studies have
suggested the use of hemoperfusion is beneficial in critically
ill COVID-19 patients treated with ECMO who developed
acute renal failure.>>® In our study, we used hemoperfusion
with a cytokine adsorber in eight patients (47%). However,
we did not detect any significant changes in IL-6 levels or
outcomes when using the cytokine adsorber; only CRP levels
decreased significantly in the hemoperfusion group.

4.2 | Risk factors and mortality predictors

Given the limited resources for ECMO therapy, a better un-
derstanding of contraindications to this treatment in severe
COVID-19 patients is essential for patient selection. Marullo
etal. and Gupta et al."*" found that patient age (>60 years) was
a major risk factor for COVID-19 patients treated with ECMO.
In an analysis of >2000 COVID-19 patients, Gupta et al.”’
found that age (>80 years) and gender (male) are independent
risk factors for mortality. However, in our analysis, we could
not identify an effect of age or gender on survival. The median
age in our study was 57 years (compared to 60.5 + 14.5 years
in"’) and ranged from 39 to 73 years, with only five patients
(29%) aged over 60 years. This might explain our findings’ in-
consistency and those from Marullo et al. and Gupta et al.137

Similar to other studi<3s,12’13

we could not detect specific
demographic or clinical variables to predict the outcome of
COVID-19 patients treated with ECMO.

We found that the RESP score is reliable in predicting
survival in COVID-19 patients treated with ECMO. This
is in agreement with Yang et al,*® who have used the RESP
score to help decisions on ECMO treatment for COVID-19
patients. They chose RESP’s predicted survival of <40%, and
age >65 years as cut-offs to initiate ECMO support, giving
excellent outcomes of 14% mortality rate, compared to re-
ported mortality rates of 23%—61%.>'*

Besides IL-6 and RESP scores, we also found a negative
correlation between high levels of pre-ECMO NT-proBNP
and survival. Similar to our findings, recently published
studies>**? have linked myocardial injury, as indicated by
increased BNP, Troponin T, or CK-MB, with poor clinical

outcomes.

43 | Limitations

We acknowledge important limitations to our study, namely
the retrospective design and small sample size represent
the major limitations. Second, our patients were treated in a
high-volume tertiary academic hospital; this might limit our
findings” generalizability. As a reason for our cohort’s limited
size, biases in patient selection and indication might have
existed. Another limitation is the inability to estimate cut-off
values for the variables included in the prediction model. One
more important limitation is that we report only short-term
outcomes from a small cohort. Thus, we cannot underline
any definitive conclusions regarding patients’ selection and
predictors of survival. Given these limitations, validation
of our findings in larger patient sample sizes and long-term
follow-up is required.

5 | CONCLUSION

The present study suggests that ECMO is a valuable lifesav-
ing treatment for selected critically ill COVID-19 patients. It
may guide further investigations to optimize patient selection
and identify predictors of in-hospital mortality.

Our study results suggest adding IL-6 and NT-proBNP to
the RESP score for better prediction accuracy. Further knowl-
edge and analysis are required to optimize patient selection
criteria and improve outcomes of critically ill COVID-19
patients.
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