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nflammatory  response  as  well  as  a  higher  risk  of  organ  fail-
re  and  ICU  mortality.
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ppendix A. Supplementary data

upplementary  data  associated  with  this  article  can  be
ound,  in  the  online  version,  at  doi:10.1016/j.medin.
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omplications  and  high  mortality.1 The  early  identification
f  patients  with  V-V  ECMO  who  are  likely  to  survive  on  ICU
ischarge  therefore  seems  of  major  interest.

Endocan  is  a  circulating  proteoglycan  secreted  by  the
ulmonary  vasculature  under  inflammatory  conditions  such
s  ARDS.2 Recent  data  suggest  that  monitoring  of  blood
ndocan  during  1st  week  following  intensive  care  unit  (ICU)
dmission  may  correlate  with  the  severity  of  ARDS  in  Covid-
9.3 Thus,  we  aimed  in  this  study  to  assess  whether  plasma
ndocan  measurements  performed  on  the  day  of  V-V  ECMO
mplantation  (D0)  and  repeated  seven  days  later  (D7)  may
e  effective  in  predicting  mortality  on  ICU  discharge.

This  study  was  conducted  in  a  50-bed  mixed  ICU,  from

ctober  2020  to  June  2021.  We  included  all  consecutive
OVID-19  patients  undergoing  V-V  ECMO  implantation  and
ith  available  results  of  plasma  endocan  measured  on  day
f  ECMO  implantation.
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Table  1  Characteristics  of  patients  and  biomarkers  in  survivors  and  non-survivors.

Survivors  p  value

Yes  (n  =  5) No  (n  =  6)

Demographical  data
Sex,  male  4  (80%)  5  (83%)  1
Age, years  48  [33;  62]  57  (48;  63)  0.43
BMI, kg/m2 37  [32;  40]  34  [28;  42]  0.66

Severity score  on  ECMO  implantation
SOFA 9  [6;  13] 9  [8;  11]  0.93
RESP 1  [−6;  2.5] −4  [−6;  −2] 0.43

Comorbidities
Diabetes mellitus  2  (40%)  1  (17%)  0.55
Chronic respiratory  failure  0  (0%)  0  (0%)  1
COPD 0  (0%)  2  (33%)  0.45
Coronary disease  1  (20%)  1  (17%)  1
Immunocompromised  patients 0  (0%)  0  (0%)  1

Characteristics  of  ECMO
Time  from  onset  of  symptoms  to  ECMO,  days  21  [10.5;  33.5]  18  [13.5;  24]  0.71
Time from  ICU  admission  to  ECMO,  days  13  [6;  28]  11  [6;  17]  0.58
Time from  invasive  MV  to  ECMO,  days  3  [0.5;  20]  9.5  [3;  13]  0.41
Invasive MV  initiated  on  the  day  of  ECMO

implantation  and  maintained  for  less  than  24  h
2  (40%)  0  (0%)  0.18

RPM on  day  of  ECMO  implantation,  ×1000  3.9  [2.5;  4.6]  3.7  [3.4;  4.1]  0.93
ECMO blood  flow  on  day  of  ECMO

implantation
4.8  [3.9;  7.1]  5.2  [4.6;  6.3]  0.85

Outcomes
Duration of  ECMO,  days  18  [12;  34]  27  [19;  33]  0.2
Length of  stay  in  hospital,  days  53  [35;  79]  36  [31;  49]  0.31
Length of  invasive  MV,  days  13  [5;  43]  26  [34;  48.5]  0.25

Biomarkers
Endocan at  D0,  ng/ml 7.9  [3.8;  12.2] 4.7  [3;  5.7]  0.25
Endocan at  D7,  ng/ml 4.3  [3.9;  5.6] 12.9  [6.1;  19] 0.017
Variation  of  endocan  between  D0  and  D7,  % −49  [−65;  52] 208  [−1;  612]  0.03
CRP at  D0,  mg/l 118  [26;  150] 94  [68;  200] 0.66
CRP at  D7,  mg/l 39  [35;  123] 68  [50;  77] 0.41
Variation of  CRP  between  D0  and  D7,  %  4  [−75;  484]  −17  [−72;  −5]  0.54
Fibrinogen at  D0,  g/l  6.1  [3.9;  6.8]  7.1  [4.9;  8.1]  0.33
Fibrinogen at  D7,  g/l  4.6  [2.7;  5.1]  5.1  [4.3;  5.6]  0.23
Variation of  fibrinogen  between  D0  and  D7,  %  −28  [−50;  15]  −26  [−43;  9]  1

Data are presented as number (%) or median [IQR]. BMI: Body Mass Index; COPD: Chronic Obstructive Pulmonary Disease; D0: day of
ECMO implantation; D7: day 7 following ECMO implantation; ECMO: Extra Corporeal Membrane Oxygenation; ICU: Intensive Care Unit;
MV: Mechanical Ventilation; RESP: Respiratory Extracorporeal Membrane Oxygenation Survival Prediction; RPM: Rounds Per Minute; SOFA:
Sequential Organ Failure Assessment; VAP: Ventilator Associated Pneumonia.

Endocan  was  measured  weekly  on  EDTA  plasma  in  the
central  laboratory  of  our  hospital  using  the  ENDOMARK
H1  ELISA  kit  (Biothelis,  France)  in  COVID-19  patients
admitted  in  our  ICU  as  part  as  the  routine  assessment  of
prognosis  in  ARDS,4---6 along  with  CRP  and  fibrinogen.  This
research  was  examined  by  our  local  IRB,  and  approved
under  the  number  HP  22/01.  Because  of  the  retrospective
observational  design,  written  informed  consent  was  not
r
W
p
a

Variations  between  D0  and  D7  were  respectively  calculated
for  endocan  (endocanD0---D7),  CRP  (CRPD0---D7)  and  fibrinogen
(fibrinogenD0---D7)  as  following:  (value  on  D7  −  value  on
D0)/value  on  D0.

Categorical  variables  were  expressed  as  numbers  (per-
centages)  and  compared  using  Fisher’s  exact  test,  given
small  sample  sizes.  Skewed  continuous  variables  were  pre-
sented  as  median  (interquartile  range)  and  compared  using
equired.  Patients’  characteristics  were  obtained  at  D0.
e  also  retrospectively  collected  values  on  D0  and  D7  for
lasma  endocan  (endocanD0 and  endocanD7),  CRP  (CRPD0

nd  CRPD7)  and  fibrinogen  (fibrinogenD0 and  fibrinogenD7).
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ann-Whitney  U  test.
Decision  tree  based  on  CART  algorithm  was  gener-

ted  using  the  rpart  R  package  with  default  settings,
sing  endocanD0, endocanD7,  endocanD0---D7,  CRPD0,  CRPD7,
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CRPD0---D7,  fibrinogenD0,  fibrinogenD7 and  fibrinogenD0---D7 as
covariates.

All  statistical  tests  were  two-tailed,  and  p  values  <0.05
were  considered  statistically  significant.  Statistical  analysis
was  performed  using  R  version  3.6  (R  foundation  for  statis-
tical  analysis,  Austria).

Eleven  patients  undergoing  V-V  ECMO  implantation  for
COVID-19  related  ARDS  were  included  in  this  study,  of  whom
5  (45%)  were  discharged  alive  from  ICU.  All  patients  under-
went  invasive  mechanical  ventilation  (MV)  during  their  stay
in  ICU,  although  invasive  MV  was  initiated  right  before  ECMO
implantation  and  maintained  less  than  24  h  for  2  patients
from  the  survivors  group.

Compared  to  survivors,  non-survivors  had  higher
endocanD7 (median  [IQR]  =  12.9  [6.1;  19]  ng/ml  vs  4.3  [3.9;
5.6]  ng/ml;  p  =  0.017),  and  greater  increase  in  endocanD0---D7

(median  [IQR]  =  +  208  [−1;  +612]  %  vs  −49  [−65;  +52]%;
p  =  0.03).  Conversely,  no  difference  was  found  between  non-
survivors  and  survivors  for  endocanD0 (median  [IQR]  =  4.7
[3;  5.7]  ng/ml  vs  7.9  [3.8;  12.2]  ng/ml;  p  =  0.25),  CRPD0

(median  [IQR]  =  94  [68;  200]  mg/l  vs  118  [26;  150]  mg/l;
p  =  0.66),  CRPD7 (median  [IQR]  =  68  [50;  77]  mg/l  vs  39  [35;
123]  mg/l;  p  =  0.41),  CRPD0---D7 (median  [IQR]  =  −17  [−72;
−5]%  vs  4  [−75;  +484]%;  p  =  0.54),  fibrinogenD0 (median
[IQR]  =  7.1  [4.9;  8.1]  g/l  vs  6.1  [3.9;  6.8]  g/l;  p  =  0.33),
fibrinogenD7 (median  [IQR]  =  5.1  [4.3;  5.6]  g/l  vs  4.6  [2.7;
5.1]  g/l;  p  =  0.23),  and  fibrinogenD0−D7 (median  [IQR]  =  −26
[−43;  +9]  %  vs  −28  [−50;  +15]%;  p  =  1)  (Table  1).

According  to  a  decision  tree  based  on  a  CART  algorithm,
a  2-nodes  model  combining  endocanD0---D7 with  static  value
of  endocanD0 was  able  to  correctly  identify  all  survivors
and  non-survivors.  Indeed,  according  to  this  decision  tree,
3/3  patients  with  endocanD0−D7 <  −40%  survived,  while  4/4
patients  with  endocanD0−D7 >  +  120%  died.  Regarding  patients
with  endocanD0−D7 in  the  gray  zone  ranging  between  −40%
and  +120%,  2/2  survivors  had  endocanD0 <  5  ng/ml,  while  2/2
non-survivors  had  endocanD0 >  5  ng/ml  (Fig.  1).  These  cut-

offs  were  inferred  from  the  CART  algorithm,  and  are  not
supported  by  any  statistical  test.

We  hereby  report  results  from  a  pilot  study  exploring  the
potential  usefulness  of  endocan  in  patients  with  Covid-19
related  ARDS  undergoing  V-V  ECMO.  Compared  to  survivors,
non-survivors  from  our  cohort  were  older,  with  greater  RESP
scores  and  longer  time  from  invasive  MV  to  ECMO  implanta-
tion,  which  was  in  line  with  previously  published  data.

Data  from  this  pilot  study  suggest  that  among  patients
undergoing  V-V  ECMO  for  COVID-19  related  ARDS,  survival
on  ICU  discharge  would  be  associated  with  significant  fall  in
plasma  endocan  measured  1  week  after  ECMO  implantation.
Indeed,  subjects  experiencing  marked  fall  in  plasma  endo-
can  were  all  discharged  alive  from  ICU,  while  those  with
greatest  rises  did  not  survive.  Further,  it  seems  that  patients
with  intermediate  variations  of  plasma  endocan  might  be
segregated  into  2 groups  according  to  initial  levels  of  plasma
endocan:  subjects  with  baseline  values  lower  than  5  ng/ml
who  survived,  in  contrast  with  those  exhibiting  initial  values
higher  than  5  ng/ml  who  were  not  discharged  alive  from  ICU.

These  results  are  in  line  with  previous  data  regarding  the
biological  role  of  endocan  in  critically  ill  subjects.  Indeed,
secretion  of  endocan  is  upregulated  by  pro-inflammatory
cytokines,7 and  endocan  has  been  widely  reported  as  a
marker  of  pulmonary  endothelial  stress.2 Furthermore,
endocan  is  known  as  an  inhibitor  of  leukocyte  recruitment,
therefore  regulating  lung  inflammation.8 Consistent  data
suggest  that  low  circulating  levels  of  endocan  at  the  early
phase  of  lung  aggression,  followed  by  secondary  rise  in  its
plasmatic  values,  would  reflect  insufficient  initial  protec-
tion  against  lung  inflammation,  being  thus  associated  with
poor  outcomes.5,9---11 Interestingly,  both  patients  from  our
cohort  who  underwent  ECMO  implantation  with  a  duration  of
invasive  MV  <  24  h  experienced  marked  decreases  of  plasma
endocan  on  D7,  respectively  found  at  −69%  and  −47%.  Fur-
ther  studies  are  needed  to  investigate  the  significance  of
these  results.
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igure  1  Decision  tree  for  prediction  of  survival  on  ICU  discharge.
brinogenD0,  fibrinogenD7 and  fibrinogenD0---D7 were  tested  as  covar

mplantation.  D7:  day  7  following  ECMO  implantation;  D0---D7:  variat
0)/value on  D0.

53
 EndocanD0,  endocanD7,  endocanD0---D7,  CRPD0,  CRPD7,  CRPD0---D7,
iates  for  survival  in  ICU  prediction  model.  D0:  day  of  ECMO
ion  between  D0  and  D7,  calculated  as  (value  on  D7  −  value  on
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