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inflammatory response as well as a higher risk of organ fail-
ure and ICU mortality.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

Conflict of interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of
this article.

Appendix A. Supplementary data

Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/j.medin.
2022.05.003.

References

1. Clerkin KJ, Fried JA, Raikhelkar J, Sayer G, Griffin JM,
Masoumi A, et al. COVID-19 and cardiovascular disease.
Circulation. 2020;141:1648-55, http://dx.doi.org/10.
1161/circulationaha.120.046941.

2. Arentz M, Yim E, Klaff L, Lokhandwala S, Riedo FX, Chong M,
et al. Characteristics and outcomes of 21 critically ill patients
with COVID-19 in Washington State. JAMA. 2020;323:1612-4,
http://dx.doi.org/10.1001/jama.2020.4326.

3. Estella A, Garcia Garmendia JL, de la Fuente C, Machado
Casas JF, Yuste ME, Amaya Villar R, et al. A multicen-
ter prospective study. Med Intensiva. 2021;8:50210-5691,
http://dx.doi.org/10.1016/j.medin.2021.02.013.

4. Ruan Q, Yang K, Wang W, Jiang L, Song J. Clinical pre-
dictors of mortality due to 16 COVID-19 based on an
analysis of data of 150 patients from Wuhan, China.
Intensive Care Med. 2020;46:846-8, http://dx.doi.org/10.
1007/s00134-020-05991-x.

5. Larcher R, Besnard N, Akouz A, Rabier E, Teule L, Vandercamere
T, et al. Admission high-sensitive cardiac troponin T level

increase is independently associated with higher mortality in
critically ill patients with COVID-19: a multicenter study. J Clin
Med. 2021;10:1656, http://dx.doi.org/10.3390/jcm10081656.
6. Santoso A, Pranata R, Wibowo A, Al-Farabi MJ, Huang

I, Antariksa B. Cardiac injury is associated with
mortality and critically ill pneumonia in COVID-19:
a meta-analysis. Am J Emer Med. 2021;44:352-7,

http://dx.doi.org/10.1016/j.ajem.2020.04.052.

7. Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Mor-
row DA, et al., Executive Group on behalf of the Joint
European Society of Cardiology (ESC)/American College of Car-
diology (ACC)/American Heart Association (AHA)/World Heart
Federation (WHF) Task Force for the Universal Definition of
Myocardial Infarction. Fourth Universal Definition of Myocar-
dial Infarction (2018). J Am Coll Cardiol. 2018;72:2231-64,
http://dx.doi.org/10.1016/j.gheart.2018.08.004.

8. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clin-
ical characteristics of 138 hospitalized patients with 2019
novel coronavirus-infected pneumonia in Wuhan, China. JAMA.
2020;323:1061-9, http://dx.doi.org/10.1001/jama.2020.1585.

9.Zhou FF Yu T, Du R, Fan G, Liu Y, Liu Z, et al

Clinical course and risk factors for mortality of adult inpa-

tients with COVID-19 in Wuhan, China: a retrospective

cohort study. Lancet. 2020;395:1054-62, http://dx.doi.org/10.
1016/s0140-6736(20)30566-3.

Barman HA, Atici A, Sahin I, Alici G, Aktas Tekin E, Bay-

can OF, et al. Prognostic significance of cardiac injury in

COVID-19 patients with and without coronary artery dis-

ease. Coron Artery Dis. 2021;32:359-66, http://dx.doi.org/10.

1097/mca.0000000000000914.

10.

C. Villavicencio®, X. Daniel, C. Ferré, M. Cartanya,
A. Pobo, I. Oliva, M. Roure, J. Leache, M. Bodi

Critical Care Department, Joan XXIll - University Hospital,
Tarragona, Spain

*Corresponding author.
E-mail address: Christiananda@hotmail.com
(C. Villavicencio).

https://doi.org/10.1016/j.medin.2022.05.003
0210-5691/ © 2022 Elsevier Espana, S.L.U. y SEMICYUC. All rights
reserved.

Assessment of plasma endocan for )
the prediction of mortality in

COVID-19 patients undergoing
veno-venous ECMO: A pilot study

Evaluacion del endocan para la prediccion de
la mortalidad en pacientes COVID-19
sometidos a ECMO veno-venosa: un estudio
piloto

Dear Editor:

Patients with severe COVID-19 related acute respiratory dis-
tress syndrome (ARDS) may benefit from V-V ECMO support.
However, this technique remains associated with frequent

51

complications and high mortality." The early identification
of patients with V-V ECMO who are likely to survive on ICU
discharge therefore seems of major interest.

Endocan is a circulating proteoglycan secreted by the
pulmonary vasculature under inflammatory conditions such
as ARDS.? Recent data suggest that monitoring of blood
endocan during 1st week following intensive care unit (ICU)
admission may correlate with the severity of ARDS in Covid-
19.3 Thus, we aimed in this study to assess whether plasma
endocan measurements performed on the day of V-V ECMO
implantation (D0O) and repeated seven days later (D7) may
be effective in predicting mortality on ICU discharge.

This study was conducted in a 50-bed mixed ICU, from
October 2020 to June 2021. We included all consecutive
COVID-19 patients undergoing V-V ECMO implantation and
with available results of plasma endocan measured on day
of 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/m? 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 2 (40%) 0 (0%) 0.18
implantation and maintained for less than 24 h
RPM on day of ECMO implantation, x1000 3.9 [2.5; 4.6] 3.7 [3.4; 4.1] 0.93
ECMO blood flow on day of ECMO 4.8 [3.9; 7.1] 5.2 [4.6; 6.3] 0.85
implantation
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 DO, 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 DO and D7, % —49 [—65; 52] 208 [—1; 612] 0.03
CRP at DO, 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 DO and D7, % 4 [-75; 484] —17 [-72; —-5] 0.54
Fibrinogen at DO, 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 DO 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; DO: 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,*® 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
required. Patients’ characteristics were obtained at DO.
We also retrospectively collected values on DO and D7 for
plasma endocan (endocanpy and endocanp;), CRP (CRPpg
and CRPp7) and fibrinogen (fibrinogenp, and fibrinogenpy).
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Variations between DO and D7 were respectively calculated
for endocan (endocanpg-p7), CRP (CRPpo-p7) and fibrinogen
(fibrinogenpg-p7) as following: (value on D7 —value on
D0)/value on DO.

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
Mann-Whitney U test.

Decision tree based on CART algorithm was gener-
ated using the rpart R package with default settings,
using endocanpg, endocanpy, endocanpg-p7, CRPpg, CRPp7,
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CRPpo-p7, fibrinogenpg, fibrinogenp; and fibrinogenpy_p; 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
endocanp; (median [IQR]=12.9 [6.1; 191 ng/ml vs 4.3 [3.9;
5.6]ng/ml; p=0.017), and greater increase in endocanpg-p7
(median [IQR]=+208 [—1; +612] % vs —49 [—65; +52]%;
p=0.03). Conversely, no difference was found between non-
survivors and survivors for endocanp, (median [IQR]=4.7
[3; 5.7]ng/ml vs 7.9 [3.8; 12.2]ng/ml; p=0.25), CRPp
(median [IQR]=94 [68; 200l mg/l vs 118 [26; 150] mg/l;
p=0.66), CRPp; (median [IQR] =68 [50; 77] mg/l vs 39 [35;
1231 mg/l; p=0.41), CRPpo-p; (median [IQR]=-17 [-72;
—5]% vs 4 [—75; +484]%; p=0.54), fibrinogenpy, (median
[IQR]=7.1 [4.9; 8.1]1g/l vs 6.1 [3.9; 6.8]g/l; p=0.33),
fibrinogenp; (median [IQR]=5.1 [4.3; 5.6]g/l vs 4.6 [2.7;
5.1]1g/l; p=0.23), and fibrinogenpy_p7 (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 endocanpg-p; With static value
of endocanpy was able to correctly identify all survivors
and non-survivors. Indeed, according to this decision tree,
3/3 patients with endocanpy_py < —40% survived, while 4/4
patients with endocanpy_p7 > + 120% died. Regarding patients
with endocanpg_p7 in the gray zone ranging between —40%
and +120%, 2/2 survivors had endocanpg <5 ng/ml, while 2/2
non-survivors had endocanpy >5ng/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 5ng/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,” and endocan has been widely reported as a
marker of pulmonary endothelial stress.? Furthermore,
endocan is known as an inhibitor of leukocyte recruitment,
therefore regulating lung inflammation.® 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.>’ " 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.

Kinetics

Kinetics Kinetics Kinetics
NN « gray zone » « gray zone » ML
Endocany, 4 Endocanp,.p; Endocany, T
| [-40%; +120%)] |
| <-40% Endocang, ——{ > 5 ng/ml | | > +120%

3/3 survivors 2/2 survivors :

5/5 survivors (100%)

Figure 1

0/2 survivors 0/4 survivors

0/6 survivors (0%)

Decision tree for prediction of survival on ICU discharge. Endocanpg, endocanpz, endocanpg-p7, CRPpg, CRPp7, CRPpo-p7,

fibrinogenpg, fibrinogenp; and fibrinogenpp-p7 were tested as covariates for survival in ICU prediction model. DO: day of ECMO
implantation. D7: day 7 following ECMO implantation; DO-D7: variation between DO and D7, calculated as (value on D7 — value on

D0)/value on DO.
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