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Inmunomodulación  mediante  CONVEHY® para
COVID-19: de la tormenta al  anticiclón de
citoquinas

To the  Editor,

The  cause  of  the COVID-19  pandemic  is  severe  acute  respi-
ratory  syndrome  coronavirus  type 2  (SARS-CoV-2)  infection.
Severe  forms  of  the disease  occur  predominantly  in older
adults  or  in individuals  with  underlying  medical  comorbidi-
ties,  such  as cardiovascular  disease,  hypertension,  diabetes
mellitus,  chronic  lung  disease,  and chronic  kidney  disease.
The  reason  for the  fatality  of  COVID-19  is  viral  sepsis.
This  host  organ  dysfunction  is  caused  by  a life-threatening,
dysregulated  inflammatory  response  (DIR)  that  initially  has
severe  pulmonary  complications.1,2 Therefore,  there  is  gen-
eralized  endothelial  dysfunction  leading  to  multiple  organ
dysfunction  syndrome.

Emerging  evidence  suggests  that  some  patients  may
respond  to COVID-19  with  a  disproportionate  ‘‘cytokine
storm,’’  called  secondary  hemophagocytic  lymphohistiocy-
tosis  (HLH).3,4 This,  however,  is  not merely  a  quantitative
problem,  and dysregulated  inflammatory  response,  which  is
a  functional  problem  not  just  a  particular  cytokine  threshold
is  a  better  term  to  describe this phenomenon.  This  response
must  be  associated  with  an  organ  dysfunction  to  be  con-
sidered  pathological.5 Currently,  although  there  are some
promising  data,  there  is  insufficient  evidence  to  support
the  recommendation  for  a  specific,  effective  treatment  for
patients  with  COVID-19.6 While  numerous  antiviral  treat-
ments  are  under  investigation,  their  exclusive  use  may  not
be  sufficient  to control  the aforementioned  dysregulated
inflammatory  response.  Therefore,  there  is  growing  interest
in  identifying  alternatives  with  immunomodulatory  action
that  can  eliminate  or  reduce  the  formation  of cytokines,
thereby  reducing  both  inflammatory  tissue  damage,  par-
ticularly  lung  damage,7 and  mortality.  An  optimal  blood
purification  technique  could  play  a  key  role  in this context.8

⋆ Please cite this article as: García-Hernández R, Espigares-López
MI, Miralles-Aguiar F,  Gámiz-Sánchez R,  Arroyo Fernández FJ, Per-
nia Romero A, et al.  Inmunomodulación mediante CONVEHY® para
COVID-19: de la  tormenta al anticiclón de citoquinas. Rev Esp
Anestesiol Reanim. 2021;68:107---112.

The  CONVEHY® protocol  (online  supplements  1, 2, 3)  was
developed  by  the Hyperfiltration  Research  Group  to  con-
trol  DIR  and  the  cytokine  storm  through  immunomodulation
in patients  with  septic  shock.9 The  DIR  can  be  triggered
by  various  events,  including  viral  infections  such as  COVID-
19,  and  can  have  different  systemic  effects  on  endothelial
glycocalyx,  such  as  vasodilation,  fluid  extravasation,  and
platelet  micro-aggregation,  in addition  to  kidney  injury.
Immunomodulation  strategies  that  involve  the elimination
of  inflammatory  mediators  should  be considered  in patients
with  poor  response  to  treatments.10

The  oXiris® membrane5 (BaxterTM,  Illinois,  USA)  is  hollow
fibre  acrylonitrile  and  methanesulfonate  (AN69ST)  mem-
brane  with  a surface  treated  with  polyethyleneimine  (PEI)
and  anchored  heparin (AN69-ST-anchored  heparin).  It is  a
haemofilter  that  can  eliminate  interleukins  (IL),  tumour
necrosis  factor  alpha  (TNF-�), migration  inhibitory  fac-
tor  (MIF),  interleukin-1  receptor  antagonist  (IL1-ra),  high
mobility  group  box  1 protein  (HMGB-1),  lipopolysaccharides
(LPS), fibroblast  growth  factors (FGF21,  FGF23),  comple-
ment  factors  (C3a, C5a), and  plasminogen  activator  inhibitor
1  (PAI-1),  in  addition  to  endotoxins.  Its  ability  to  remove
molecules  is  related  to  its electrical  charge,  and there-
fore  its  isoelectric  point.  Although clinical  experience  in
COVID-19  is  limited,11---13 in a single-centre,  randomized,
double-blind  clinical  trial,  oXiris® proved  effective  in puri-
fying  blood  and reducing  the  need  for  vasoactive  agents  in
bacterial  sepsis.14 The  Prismaflex  systemTM (BaxterTM,  Illi-
nois,  USA)  is  used  in conjunction  with  oXiris®. CONVEHY®

uses  a dose  of  citrate  in  a specific  stage of  the process,
in  this  case  specifically  adapted  to COVID-19.  Adsorption
capacity  decreases  over time  due  to  membrane  saturation,
and  membrane  replacements  are scheduled  every  six hours,
at  the discretion  of  the physician.  The  membrane  can  also
be  used  solely  for  hemofiltration  if  only  renal  support  is
required  at  that time.  The  preliminary  results  of the  use
of  the CONVEHY® protocol  comparing  outcomes  before  and
after  the inclusion  of  citrate  have  recently  been  published.9

The  SARS-CoV-2  receptor  binding  domain  spike  (S)  binds
to  the ACE2  receptor  through  a remarkable  network  of
hydrophilic  interactions.  Multiple bonds  and  two  salt  bridges
can  be  found  at  the  interface  of this  complex,  with  multi-
ple  tyrosine  residues  forming  hydrogen-bonding  interactions
with  the  polar  hydroxyl  group.15,16 The  aforementioned
hydrophilic  and hydrophobic  characteristics  of the SARS-
CoV-2  virus  allows  it to adhere  to  the oXiris® membrane.17,18

Similar  adsorption-based  removal  by  lectin  affinity  plasma-
pheresis  has  been  studied  in other  RNA viruses  such as
hepatitis  C  and Ebola  virus.19
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Figure  1  Combined  immunomodulation  strategy  of  the CONVEHY® protocol.  oXiris®:  trademark  of  the  acrylonitrile  69-surface-
treated heparin-anchored  membrane;  Ci: citrate;  RNA:  ribonucleic  acid;  DIR:  dysregulated  inflammatory  response;  IFNs:  interferon;
IL: interleukin;  TNF:  tissue  necrotic  factor;  IgM:  immunoglobulin  M;  curved  red arrow:  reduction  or  deterioration;  curved  green
arrow: activation  or  enhancement.

Figure  2  Indication  for  the early  immunomodulation  technique  for  COVID-19  (EIT-C19):  patients  with  manifest  symptoms  or  poor
oxygenation  who  have  signs  of  COVID-19  either  on X-ray,  pulmonary  ultrasound  and/or  laboratory  tests.  Particular  focus  on  the
subgroup with  epidemiological  risk factors.  See  decision  tree.

The  oXiris® membrane  was  given  an emergency  use
authorization  (EUA)  by  the  United  States  Food  and Drug
Administration  (FDA)  to treat  patients  with  confirmed
COVID-19.  This  technique  can  be  used to  reduce  pro-
inflammatory  cytokine  levels  in adult  patients  presenting
any  of  the  following  conditions:

•  Early  acute  lung  injury/early  ARDS.
•  Serious  disease
•  Life-threatening  disease,  defined  as:

-  Respiratory  insufficiency
- Septic  shock  and/or

-  Multiple  organ  dysfunction  or  failure.

Being  an  RNA  (ribonucleic  acid)  virus,  SARS-CoV-2  directly
affects  the  immunomodulatory  function of  the  mitochondria
by  modifying  the mitochondrial  antiviral  signalling  (MAV)
receptors,  thereby  preventing  interferon  synthesis  by  the
innate  immune  response.  Other  interleukins  can  also  be
modulated  in  the  same  way.20

If the inflammatory  response  can be controlled  in time,
the  immune  system  may  be able  to  produce  antibodies  and
overcome  the  infection.21 The  same  strategy  is  used by  our
group  in  bacterial  shock,  although  in  this  case  we facilitate
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Table  1  Risk  factors  for  severe  disease.

Symptoms  (1 parameter)  O2 saturation  or  blood  gas  (1  parameter)

Resp.
rate

Heart  rate  Dyspnoea  Work  of
breathing

Respiratory
distress

Confusion
disorientation

SatO2%
baseline

<94% PaO2/FiO2

SpFiO2

pH  or  PaCO2

≥25  rpm  >125  bpm  Moderate  Moderate  Any
severity

Any  severity  <91%  With
FiO2 >0.4

<300  or
SpFiO2 < 315
or  if  abrupt
descent

<7.35  or
>45 mmHg

Epidemiological  Laboratory  Radiological  or  ultrasound

>65  years  D-dimer  >  1000  ng/mL  Multilobular  infiltrates.
History  of  lung  disease  CPK  > twice  baseline  Completely  diffuses,  widely  spaced  B  lines

(‘‘Berticals’’)  (moving  with  pleura)  Waterfall  sign.
‘‘White’’  lung.
Pleura  thickened,  irregular.
Healthy  and  diseased  lung  patches.
Subpleural  consolidation.

Mod-sev CKD  CRP  >  100  mg/L
DM HbA1c  >  7.6%  poorly  controlled LDH  >  500 U/L
Uncontrolled  HT Elevated  troponin
Cardiovascular  disease Ferritin  >  1000  �g/L
Transplantation  or  other  immunosuppression Lymphopenia  <  500/mm3

HIV  with  CD4  <  500/mm3

Resp. rate: respiratory rate; rpm: respirations per minute; Heart rate: heart rate; bpm: beats per minute; FiO2: fraction of  inspired O2;
PaO2/FiO2:  ratio of arterial oxygen partial pressure to fractional inspired oxygen; SpO2/FiO2:  ratio of peripheral oxygen saturation to
percentage of inspired oxygen; PaCO2: partial pressure of  carbon dioxide in arterial blood.
CPK: creatine phosphokinase; mod-sev CKD: moderate---severe chronic kidney disease; CRP: C-reactive protein; DM HbA1c: glycated
haemoglobin in patients with diabetes mellitus; LDH: lactate dehydrogenase; HT: arterial hypertension; HIV: human immunodeficiency
virus; CD4: CD4 lymphocytes or T4  lymphocytes.

and  allow  time  for  antibiotics  to  act, and  also  determine
whether  the  root  cause  can  be  controlled  or  an  invasive
treatment  is  needed.  The  use  of  high  doses  of  citrate  may
be  more  beneficial  that  heparin  with  the  oXiris® membrane
due  to:

1.  Greater  membrane  efficiency  ---  there  is less activation  of
leukocytes  and platelets  and  therefore  less  saturation22

and  greater  durability  at  peak  performance.
2.  The  PEI  surface  treatment  is  not  completely  saturated

with  the  initial  sodium  heparin flushing  solution  ---  more
PEI  is  available  for  adsorption;

3. The  unpredictable  negative  effect  of  heparin  in  patients
with  septic  shock  and ischaemia---reperfusion  injury,
which  could  cause  inflammation  and  microthrombi  in
the  microcirculation23 and  have disastrous  effects  on
COVID-19  patients.  Microthrombus  involvement  in the
microcirculation  has  been  described  in  autopsies  of  these
patients24;

4.  Citrate,  being  a substrate  of  the respiratory  cycle,  can
act  at  the mitochondrial  level  to  improve  metabolic
alterations  and keep  respiratory  complexes  active,  thus
avoiding  apoptosis25;

5.  Citrate  can revive  mitochondria  and  their  respiratory  and
immunomodulatory  function.20

We believe  that  combining  an  effective  adsorptive  clean-
ing  strategy  with  oXiris®,  with  controlled  convection  that

helps eliminate  inflammatory  molecules,  together  with  the
effect  of  citrate  on  the mitochondria  can  result  in faster
and  better  recovery.  This  opinion  contrasts  with  other  solely
renal  support  approaches  (Fig.  1). In patients  with  COVID-
19  timing  the start of  the  technique  can be decisive,  and
for  now  we  have  to  rely  on  epidemiological  and  clinical  risk
factors  for  this  purpose  (Fig.  2  and Table  1).

CONVEHY® COVID-19  is  intended  as  an early  use  protocol
or  rescue  technique.  It  is  designed  to  act  as  an anticy-
clone  for  the cytokine  storm,  thus  restoring  proper immune
function.  Its  effectiveness  could  make  it suitable  for  use  in
dialysis  centres  and  critical  care  units,  where  it can  treat  as
many  patients  as  possible.
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Appendix A.  Supplementary data

Supplementary  material  related  to  this article  can  be found,
in  the  online  version,  at doi:10.1016/j.redar.2020.08.001.

References

1. Hernández A, Papadakos PJ, Torres A, González DA, Vives M,
Ferrando C, et al. Dos terapias conocidas podrían ser efectivas
como adyuvantes en el paciente crítico infectado por  COVID-
19. Rev Esp Anestesiol Reanim [Internet]. 2020;67:245---52.
https://linkinghub.elsevier.com/retrieve/pii/
S003493562030075X

2. Montero Feijoo A, Maseda E, Adalia Bartolomé R, Aguilar G,
González de Castro R, Gómez-Herreras JI, et  al. Recomenda-
ciones prácticas para el manejo perioperatorio del paciente
con sospecha o  infección grave por coronavirus SARS-CoV-
2. Rev Esp Anestesiol Reanim [Internet]. 2020;67:253---60.
Available from: https://linkinghub.elsevier.com/retrieve/pii/
S0034935620300530

3. Ramos-Casals M, Brito-Zerón P, López-Guillermo A, Khamashta
MA, Bosch X. Adult haemophagocytic syndrome. The Lancet
[Internet]. 2014;383:1503---16. Available from: https://
linkinghub.elsevier.com/retrieve/pii/S014067361361048X

4. Mehta P, McAuley DF, Brown M,  Sanchez E, Tattersall
RS, Manson JJ. COVID-19: consider cytokine storm syn-
dromes and immunosuppression. The Lancet [Internet].
2020;395:1033---4. Available from: https://linkinghub.elsevier.
com/retrieve/pii/S0140673620306280

5. Sinha P, Matthay MA, Calfee CS. Is  a ‘‘cytokine storm’’ rele-
vant to COVID-19? JAMA Intern Med [Internet]. 2020:6---8.
Available from: https://jamanetwork.com/journals/
jamainternalmedicine/fullarticle/2767939

6. Siemieniuk RAC, Bartoszko JJ, Ge L,  Zeraatkar D, Izcovich A,
Kum E, et  al. Drug treatments for covid-19: living systematic
review and network meta-analysis. BMJ. 2020;370:1---17.

7. Ferrando C, Suarez-Sipmann F, Mellado-Artigas R, Hernández
M,  Gea A, Arruti E, et  al.  Clinical features, ventilatory mana-
gement, and outcome of ARDS caused by COVID-19 are similar
to other causes of  ARDS. Intensive Care Med [Internet]. 2020.
Available from: https://doi.org/10.1007/s00134-020-06192-2

8. Ke C, Wang Y, Zeng X, Yang C, Hu Z.  2019 novel coron-
avirus disease (COVID-19) in hemodialysis patients: a report of
two cases. Clin Biochem [Internet]. 2020. https://linkinghub.
elsevier.com/retrieve/pii/S000991202030271X

9. García Hernández R,  Gámiz-Sánchez R, García-Palacios MV,
Espigares-López MI, Miralles-Aguiar F,  Calderón Seoane
E, et al. Estudio piloto sobre el uso de la hiperfil-
tración venosa continua para el manejo de pacientes
en estado crítico con inflamación desregulada. Rev  Esp
Anestesiol Reanim [Internet]. 2019. Available from:
https://www.sciencedirect.com/science/article/pii/
S0034935619300775?via%3Dihub#sec0050 [cited 23.05.19].

10. Ronco C, Reis T. Kidney involvement in COVID-
19  and rationale for extracorporeal therapies. Nat
Rev  Nephrol [Internet]. 2020:1---3. Available from:
https://doi.org/10.1038/s41581-020-0284-7

11. Asgharpour M,  Mehdinezhad H, Bayani M, Sadeghi M,  Zavareh H,
Hamidi SH, et al. Effectiveness of  extracorporeal blood purifi-
cation (hemoadsorption) in patients with severe coronavirus
disease 2019. BMC Nephrol. 2020;21:356.

12. Anand S, Vakiti A, Jason J. First reported use of highly adsorptive
hemofilter in critically ill COVID-19 patients in the USA. J  Clin
Med  Res. 2020;12:454---7.

13. Zhang H, Zhu G,  Yan  L,  Lu Y, Fang Q,  Shao F. The absorbing filter
Oxiris in severe coronavirus disease 2019 patients: a case series.
Artif Organs. 2020:1---7.

14. Broman ME, Hansson F, Vincent J-L, Bodelsson M.  Endotoxin
and cytokine reducing properties of the oXiris membrane in
patients with septic shock: a randomized crossover double-blind
study. PLOS ONE [Internet]. 2019;14:e0220444. Available from:
https://dx.plos.org/10.1371/journal.pone.0220444

15. Lan  J, Ge J, Yu J, Shan S, Zhou H, Fan S,  et al. Structure of
the SARS-CoV-2 spike receptor-binding domain bound to the
ACE2 receptor. Nature [Internet]. 2020;581. Available from:
https://doi.org/10.1038/s41586-020-2180-5

16. Shang J, Ye G,  Shi K, Wan Y, Luo C, Aihara H, et  al.
Structural basis of  receptor recognition by SARS-
CoV-2. Nature [Internet]. 2020;581. Available from:
https://doi.org/10.1038/s41586-020-2179-y

17. Thomas M, Moriyama K, Ledebo I. AN69: evolution of  the
world’s first high permeability membrane. Contrib Nephrol.
2011;173:119---29.

18. Moachon N, Boullanger C, Fraud S, Vial E, Thomas M, Quash
G.  Influence of the charge of  low molecular weight proteins
on their efficacy of filtration and/or adsorption on dialysis
membranes with different intrinsic properties. Biomaterials.
2002;23:651---8.

111

http://dx.doi.org/10.1016/j.redar.2020.08.001
https://linkinghub.elsevier.com/retrieve/pii/S003493562030075X
https://linkinghub.elsevier.com/retrieve/pii/S003493562030075X
https://linkinghub.elsevier.com/retrieve/pii/S0034935620300530
https://linkinghub.elsevier.com/retrieve/pii/S0034935620300530
https://linkinghub.elsevier.com/retrieve/pii/S014067361361048X
https://linkinghub.elsevier.com/retrieve/pii/S014067361361048X
https://linkinghub.elsevier.com/retrieve/pii/S0140673620306280
https://linkinghub.elsevier.com/retrieve/pii/S0140673620306280
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2767939
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2767939
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0155
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0155
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0155
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0155
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0155
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0155
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0155
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0155
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0155
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0155
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0155
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0155
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0155
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0155
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0155
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0155
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0155
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0155
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0155
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0155
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0155
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0155
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0155
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0155
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0155
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0155
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0155
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0155
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0155
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0155
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0155
https://doi.org/10.1007/s00134-020-06192-2
https://linkinghub.elsevier.com/retrieve/pii/S000991202030271X
https://linkinghub.elsevier.com/retrieve/pii/S000991202030271X
https://www.sciencedirect.com/science/article/pii/S0034935619300775?via=ihub
https://www.sciencedirect.com/science/article/pii/S0034935619300775?via=ihub
https://doi.org/10.1038/s41581-020-0284-7
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0180
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0180
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0180
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0180
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0180
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0180
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0180
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0180
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0180
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0180
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0180
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0180
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0180
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0180
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0180
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0180
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0180
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0180
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0180
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0180
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0180
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0180
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0180
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0180
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0180
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0180
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0180
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0180
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0180
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0180
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0180
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0185
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0190
https://dx.plos.org/10.1371/journal.pone.0220444
https://doi.org/10.1038/s41586-020-2180-5
https://doi.org/10.1038/s41586-020-2179-y
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0210
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0210
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0210
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0210
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0210
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0210
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0210
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0210
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0210
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0210
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0210
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0210
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0210
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0210
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0210
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0210
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0210
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0210
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0210
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0210
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0210
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0210
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0210
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215
http://refhub.elsevier.com/S2341-1929(21)00011-1/sbref0215


LETTER  TO  THE  DIRECTOR

19. Büttner S, Koch B, Dolnik O, Eickmann M, Freiwald T, Rudolf
S, et al. Extracorporeal virus elimination for the treatment of
severe ebola virus disease --- first experience with lectin affinity
plasmapheresis. Blood Purif. 2014;38:286---91.

20. Mills EL, Kelly B, O’Neill LAJ. Mitochondria are the powerhouses
of immunity. Nat Immunol. 2017;18:488---98.

21. García-Hernández R, Moguel-González MA, García-Benito G,
Calderón Seoane E, Torres Morera LM. Can the continuous
hemofiltration control Ebola-induced systemic inflammatory
response syndrome? Anesthesiology. 2015;123:237---8.

22. Tiranathanagul K,  Jearnsujitwimol O, Susantitaphong P,
Kijkriengkraikul N,  Leelahavanichkul A, Srisawat N, et al.
Regional citrate anticoagulation reduces polymorphonuclear
cell degranulation in critically ill patients treated with
continuous venovenous hemofiltration. Ther Apher Dial.
2011;15:556---64.

23. Oudemans-van Straaten HM, Kellum JA, Bellomo R.
Clinical review: anticoagulation for continuous renal
replacement therapy --- heparin or citrate? Crit Care (Lon-
don, England) [Internet]. 2011;15:202. Available from:
https://ccforum.com/content/15/1/202

24. Magro C, Mulvey JJ, Berlin D, Nuovo G, Salvatore S, Harp
J,  et al. Complement associated microvascular injury and
thrombosis in the pathogenesis of severe COVID-19 infec-
tion: a report of  five cases. Transl Res [Internet]. 2020.
Available from: https://linkinghub.elsevier.com/retrieve/pii/
S1931524420300700

25. Weinberg JM, Venkatachalam Ma, Roeser NF, Nissim I. Mito-
chondrial dysfunction during hypoxia/reoxygenation and its
correction by anaerobic metabolism of citric acid cycle inter-
mediates. Proc Natl Acad Sci U  S A. 2000;97:2826---31.

R.  García-Hernández a,∗,1,  M.I. Espigares-Lópezb,1,  F.
Miralles-Aguiar c,1,  R. Gámiz-Sánchezd,1,  F.J.  Arroyo
Fernándezb,1,  A.  Pernia  Romero e,1, L.M.  Torres f,1,  E.
Calderón  Seoaneb,1,  on  behalf  of  the CONVEHY® Research
Group1

a Especialista  en  Anestesiología  y  Reanimación,

Coordinador  de  la Unidad  de Reanimación  Postquirúrgica,

Servicio  de Anestesiología  y Reanimación,  Hospital

Universitario  Puerta  del Mar,  Spain
b Especialista  en  Anestesiología  y  Reanimación,  Servicio  de

Anestesiología  y  Reanimación,  Hospital  Universitario

Puerta  del  Mar, Spain
c Especialista  en  Anestesiología  y  Reanimación,  Especialista

en  Medicina  Intensiva,  Servicio  de Anestesiología  y

Reanimación,  Hospital  Universitario  Puerta  del  Mar,  Spain
d Especialista  en  Anestesiología  y  Reanimación,  Especialista

en  Medicina  Interna,  Coordinadora  de la  Unidad  de

Reanimación  Postquirúrgica,  Servicio  de  Anestesiología  y

Reanimación,  Hospital  Universitario  Puerta  del  Mar,  Spain
e Especialista  en Anestesiología  y Reanimación,  Jefe  de

Sección,  Servicio  de Anestesiología  y Reanimación,

Hospital  Universitario  Puerta  del  Mar, Spain
f Especialista  en  Anestesiología  y Reanimación,  Jefe  de

servicio,  Servicio  de Anestesiología  y  Reanimación,

Hospital  Universitario  Puerta  del  Mar, Spain

∗ Corresponding  author.
E-mail  address:  rafaghernandez@yahoo.es
(R.  García-Hernández).
1 All the  authors  have  made  substantial  contributions  in each
of  the following  aspects:  the  conception  and design  of  the
study,  or  the  acquisition  of  data,  or  the analysis  and inter-
pretation  of  the  data,  the draft  of  the article  or  the  critical
review  of  the  intellectual  content  and  the final  approval  of
the  version  presented.

https://doi.org/10.1016/j.redare.2020.08.007
2341-1929/ © 2020 Sociedad Española de Anestesioloǵıa,
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The «new cerebral autoregulation
curve», let’s take a step further to
keep  learning�

La «nueva curva de autorregulación cerebral»,
demos  un  paso  más para seguir  aprendiendo

Dear  Editor,

The  editorial  by  García-Orellana  et  al.1 brings  to  mind
Claude  Bernard  words:  ‘‘It  is what  we  think  we  know  already
that  often  prevents  us from  learning’’.  The  classic  cerebral
autoregulation  curve  described  in the  1950s  by  Lassen  is
physiologically  inaccurate  and prevents  us  from  correctly
interpreting  what  happens  in  clinical  practice.  Perhaps  the

� Please cite this article as: Veiga Gil L, Pavón Benito A, Cerdán
Rodríguez G, Ortiz Gómez JR. La «nueva curva de autorregulación
cerebral», demos un paso más para seguir aprendiendo. Rev Esp
Anestesiol Reanim. 2021;68:112---113.

time  has  come  to  go beyond  this  model  and  deal more  effec-
tively  with  changes  in cerebral  blood  flow.

Although  the  incidence  of perioperative  adverse  cardiac
events  has  decreased  in  recent  years,  there  is  evidence  of
an increase  in the  incidence  of stroke.  This  is  why  main-
taining  cerebral  perfusion  is  a  problem  that  transcends
neurosurgery  or cardiac  surgery.  The  ageing  of  the surgi-
cal  population  in the western  world has  raised  awareness  of
the  need  to  prevent  perioperative  neurocognitive  disorders,
which  are  related  to  other  complications,  prolong  hospital
length  of  stay,  consume  resources,  and  affect  the  quality  of
life  of  patients  and their  families.

Cerebral  perfusion  is  a more  complex  process  than  that
shown  in the  classic  curve.  In  2012,  Tan2 developed  a
new  brain  autoregulation  curve.  This  author’s  investigations
showed  major  intra-  and  interindividual  variability  in the
shape  of  the  curve,  and  revealed  three  things:  first,  that
the  autoregulation  plateau  is  not  always  horizontal  and
is  usually  shorter  than  represented  in the classic  model
--- in  some  cases  it may  be reduced  to  a  range  of  only
10  mmHg.  Second,  cerebral  blood  flow  (CBF)  adapts  better
to  an increase  in  mean  arterial  pressure  (MAP)  than  to  a
decrease  in this pressure.  And  finally,  the faster  the MAP
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