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Summary
Background.  —  Despite  advances  in  intensive  care  medicine,  management  of  cardiogenic  shock
(CS) remains  difficult  and  imperfect,  with  high  mortality  rates,  regardless  of  aetiology.  Predic-
tive data  regarding  long-term  mortality  rates  in  patients  presenting  CS  are  sparse.

Aim. —  To  describe  prognostic  factors  for  long-term  mortality  in  CS  of  different  aetiologies.
Methods. —  Two  hundred  and  seventy-five  patients  with  CS  admitted  to  our  tertiary  cen-
tre between  January  2013  and  December  2014  were  reviewed  retrospectively.  Mortality  was
recorded  in  December  2016.  A  Cox  proportional-hazards  model  was  used  to  determine  predictors
of long-term  mortality.

Abbreviations: ACS, acute coronary syndrome; CI, confidence interval; CS, cardiogenic shock; HR, hazard ratio; ICCU, intensive cardiac
are unit; MCS, mechanical circulatory support.
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Results.  —  Most  patients  were  male  (72.7%),  with  an  average  age  of  64  ±  16  years  and  a  history
of cardiomyopathy  (63.5%),  mainly  ischaemic  (42.3%).  Leading  causes  of  CS  were  myocardial
infarction (35.3%),  decompensated  heart  failure  (34.2%)  and  cardiac  arrest  (20.7%).  Long-term
mortality  was  62.5%.  After  multivariable  analysis,  previous  use  of  beta-blockers  (hazard  ratio
[HR] 0.61,  95%  confidence  interval  [CI]  0.41—0.89;  P  =  0.02)  and  coronary  angiography  explo-
ration at  admission  (HR  0.57,  95%  CI  0.38—0.86;  P  =  0.02)  were  associated  with  a  lower  risk
of long-term  mortality.  Conversely,  age  (HR  1.02  per  year,  95%  CI  1.01—1.04;  P  <  0.001),  cate-
cholamine  support  (HR  1.45  for  each  additional  agent,  95%  CI  1.20—1.75;  P  <  0.001)  and  renal
replacement  therapy  (HR  1.66,  95%  CI  1.09—2.55;  P  =  0.02)  were  associated  with  an  increased
risk of  long-term  mortality.
Conclusions.  —  Long-term  mortality  rates  in  CS  remain  high,  reaching  60%  at  1-year  follow-up.
Previous use  of  beta-blockers  and  coronary  angiography  exploration  at  admission  were  asso-
ciated with  better  long-term  survival,  while  age,  renal  replacement  therapy  and  the  use  of
catecholamines  appeared  to  worsen  the  prognosis,  and  should  lead  to  intensification  of  CS
management.
© 2019  Elsevier  Masson  SAS.  All  rights  reserved.
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Résumé
Contexte.  — Malgré  les  progrès  médicaux  récents,  la  mortalité  du  choc  cardiogénique  (CC)  reste
élevée quelle  qu’en  soit  l’étiologie.
But. — Décrire  les  facteurs  prédictifs  de  mortalité  à  long  terme  (LT)  du  CC  toutes  causes  con-
fondues.
Méthodes.  — Au  total,  275  patients  en  CC  admis  entre  01/2013  et  12/2014  ont  été  rétrospective-
ment inclus.  La  mortalité  a  été  recueillie  en  décembre  2016.  Un  modèle  de  risque  proportionnel
de Cox  a  été  utilisé  pour  déterminer  les  variables  indépendamment  corrélées  à  la  mortalité  à
LT.
Résultats.  — Cette  étude  a  inclus  majoritairement  des  hommes  (72,7  %)  d’un  âge  moyen  de
64 ±  16  ans.  Les  principales  causes  de  CC  étaient  le  syndrome  coronaire  aigu  (35,3  %),  la  décom-
pensation d’insuffisance  cardiaque  chronique  (34,2  %)  et  le  choc  post  arrêt  cardiaque  (20,7  %).
La mortalité  à  LT  était  de  62,5  %.  La  prescription  antérieure  de  bêtabloquants  (HR  0,62,  IC95  %
0,41—0,89 ;  p  =  0,01)  et  la  réalisation  initiale  d’une  angiocoronarographie  (HR  0,57,  IC95  %
0,38—0,86 ;  p  =  0,007)  étaient  des  facteurs  associés  à  la  survie.  L’âge  (HR  1,02  par  an,  IC95  %
1,01—1,04 ;  p  <  0,001),  le  nombre  d’amines  utilisées  (HR  1,45  par  unité,  IC95  %  1,20—1,75  ;
p <  0,001)  et  le  recours  à  l’épuration  extra-rénale  (hR  1,66,  IC95  %  1,09—2,55  ;  p  =  0,02)  étaient
associés à  une  surmortalité  à  LT.
Conclusions.  —  La  mortalité  à  LT  du  CC  demeure  importante  et  concerne  plus  de  la  moitié  des
patients. La  prescription  antérieure  de  bêtabloquants  et  la  réalisation  initiale  d’une  coronaro-
graphie sont  associées  à  une  meilleure  survie  à  LT  alors  que  l’âge,  l’insuffisance  rénale  et
l’utilisation  d’amines  semblent  aggraver  le  pronostic.
© 2019  Elsevier  Masson  SAS.  Tous  droits  réservés.
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Background

Cardiogenic  shock  (CS)  is  a  state  of  organ  hypoperfusion
caused  by  severe  cardiac  dysfunction;  it  progresses  rapidly
to  multisystem  failure  and  death  without  adequate  treat-
ment  [1].  Myocardial  infarction  and  related  complications
account  for  most  cases  of  CS,  but  the  prevalence  of  CS
among  patients  with  acute  coronary  syndrome  (ACS)  has

tended  to  decrease  over  the  past  few  decades  [2].  Other
causes  are  probably  underestimated,  and  correspond  to
decompensated  heart  failure,  arrhythmia,  valvular  disease,
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ardiac  arrest  and  any  other  condition  related  to  cardiac
ailure.

The  SHOCK  trial  publication  led  to  radical  change  in
he  management  of  CS  after  myocardial  infarction,  with
he  addition  of  early  myocardial  revascularization  to  the
tandard  therapy  [3]. This  strategy  and  the  improvement
n  intensive  care  management  have  significantly  decreased
S-related  mortality  rates,  as  highlighted  in  recent  studies

ith  a  reported  30-day  mortality  rate  of  around  40%  [4,5].
owever,  data  on  long-term  prognosis  are  scarce.  Mortal-

ty  heterogeneity  seems  to  depend  on  the  clinical  profile
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f  patients,  which  suggests  that  some  factors  may  be  asso-
iated  with  a  higher  risk  of  mortality  (e.g.  age,  hepatic
r  renal  dysfunction  and  elevated  lactate  concentration)
6—8].

Throughout  the  past  decade,  the  introduction  of  mechan-
cal  circulatory  support  (MCS)  has  led  to  considerable
hanges  in  the  management  and  prognosis  of  patients  with
dvanced  heart  failure.  Large  studies  are  missing,  however,
nd  it  seems  necessary  to  gather  more  updated  data  on
atients  with  CS  to  better  characterize  predictive  factors
hat  could  alter  risk  stratification  and  management.

The  aim  of  our  study  was  to  investigate  the  character-
stics  and  management  of  CS  of  all  aetiologies  in  a  French
ontemporary  cohort,  in  order  to  establish  predictive  risk
actors  for  long-term  mortality.

ethods

etween  January  2013  and  December  2014,  consecutive
atients  admitted  to  the  Intensive  Cardiac  Care  Unit  (ICCU)
f  Rangueil  university  hospital  (Toulouse,  France)  were
ncluded  retrospectively.  Patients  with  other  causes  of  shock
r  who  did  not  meet  the  subsequent  criteria  in  accor-
ance  with  the  SHOCK  study  were  excluded  from  the  study.
atients  hospitalized  twice  during  the  inclusion  period  were
ensored  at  the  first  hospitalization.

ata collection

emographic  data,  medical  history,  treatment  at  admis-
ion  and  biochemical  variables  were  collected  from  medical
ecords.  Up  to  three  CS  aetiologies  among  the  follow-
ng  were  considered  for  each  patient:  acute  myocardial
nfarction,  decompensated  heart  failure,  cardiac  arrest,
entricular  and  supraventricular  arrhythmia,  iatrogeny,
nfections,  bradycardia,  acute  valvular  disease  or  other
including  intoxication,  myocarditis,  pulmonary  embolism,
ardiotomy,  non-compliance  and  tamponade).  Transthoracic
chocardiograms  were  extracted  from  our  picture  archiving
nd  communication  system.  Regarding  biochemical  varia-
les,  assay  techniques  for  troponin  T  and  brain  natriuretic
eptide  were  modified  during  the  inclusion  period,  switching
o  troponin  US  and  N-terminal  prohormone  of  brain  natri-
retic  peptide,  respectively,  in  October  2013.

CS  treatment,  including  organ  replacement  therapies,
ontinuous  or  one-time  use  of  catecholamines  (i.e.  inotropes
nd/or  vasopressors),  diuretics,  mechanical  or  non-invasive
entilation,  MCS  (i.e.,  intra-aortic  balloon  pump,  extracor-
oreal  membrane  oxygenation  or  Impella

®
device  [Abiomed

nc.,  Danvers,  MA,  USA])  and  end-stage  heart  failure  treat-
ent  (i.e.,  left  ventricular  assist  device  implantation  or

eart  transplantation)  were  recorded.

ndpoints

hirty-day  and  1-year  mortality  data  were  collected  from

edical  records.  Long-term  survival  status  (≥  2  years)  was

ollected  in  December  2016  by  calling  patients,  or  their
elatives  or  medical  referents  (general  practitioners  or
ardiologists)  when  patients  were  not  available.  Patients
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nable  to  be  interviewed  up  to  3  months  from  the  date  of
ollow-up  were  considered  as  lost  to  follow-up.

thics

he  study  complies  with  the  ethical  guidelines  of  the  1975
eclaration  of  Helsinki,  and  was  approved  by  the  Ethics  Com-
ittees  of  our  institution  (No.  06-0216).

tatistical analysis

tatistical  analysis  was  performed  using  Stata
®

statistical
oftware,  release  14.1  (Stata  Corporation,  College  Station,
X,  USA).

Continuous  variables  are  summarized  as  means  and  stan-
ard  deviations  for  normal  distributions,  and  as  medians  and
nterquartile  ranges  for  abnormal  distributions.  Categorical
ariables  are  presented  as  proportions.  In  the  univariate
nalysis,  qualitative  variables  were  compared  with  the  �2

est  or  Fisher’s  exact  test,  as  appropriate.  Student’s  t  test
as  used  to  compare  the  distribution  of  quantitative  nor-
ally  distributed  data  according  to  qualitative  variables.
he  Mann-Whitney  test  was  used  to  compare  ranges  of
ontinuous  abnormally  distributed  variables  according  to
ualitative  variables.  A  P  value  <  0.05  was  considered  sta-
istically  significant.

Cumulative  patient  survival  was  determined  using  the
aplan-Meier  method,  and  compared  using  the  log-rank  test.
nivariate  and  multivariable  Cox  regression  models  were
sed  to  investigate  the  correlation  between  variables  and
ortality  during  the  follow-up  period,  and  to  determine

azard  ratios  (HRs)  for  mortality  and  95%  confidence  inter-
als  (CIs).  If  the  log-linearity  hypothesis  was  not  complied
ith,  continuous  variables  were  transformed  into  qualita-

ive  data.  All  variables  associated  with  a  P  value  <  0.20  in
he  univariate  analysis  were  introduced  into  a  multivariable
ox  model.  The  C-statistic  was  calculated  to  evaluate  the
oodness-of-fit  of  the  multivariable  model.

esults

tudy population

he  study  flow  chart  is  shown  in  Fig.  1.  Two  hundred  and
eventy-five  patients  were  included  in  the  study.  Base-
ine  characteristics  are  presented  in  Table  1.  Patients
ere  mainly  middle-aged  (64  ±  16  years)  and  men  (n  =  200;
2.7%),  with  standard  risk  factors  in  more  than  one-third  of
ases  (e.g.  smoking  habits,  hypertension,  dyslipidaemia  and
iabetes).  Most  of  the  patients  had  a  history  of  cardiovas-
ular  disease,  mainly  ischaemic  cardiomyopathy.  Treatment
t  admission  frequently  included  beta-blockers  and  aspirin.
cute  myocardial  infarction,  decompensation  of  chronic
eart  failure  and  cardiac  arrest  were  the  most  common  CS
etiologies.

Clinical,  biological  and  echocardiographical  data  are  pre-
ented  in  Table  1.  Patient  management  data  are  shown  in

able  2. As  expected,  most  patients  required  catecholamine
upport,  mainly  dobutamine  infusion.  More  than  one-third  of
atients  received  MCS,  mainly  venoarterial  extracorporeal
embrane  oxygenation  (n  =  90;  52.9%).



Cardiogenic  shock  and  beta-blockers  741

p
i
m

t
9
1
r
P
P
s
f
a
0

L

P
m
P
w
b
b

Figure 1. Study flow chart. CS: cardiogenic shock.

Prognosis

Seven  (2.5%)  patients  were  lost  to  follow-up,  and  were
excluded  from  the  analysis.  The  median  duration  of  follow-
up  was  31  days  (interquartile  range  5—885  days),  with  the
longest  follow-up  being  1446  days.  Thirty-day  and  1-year
mortality  rates  were  49.4%  and  60.4%,  respectively.  Twenty-
four  (8.7%)  patients  were  referred  for  an  emergency  heart
transplant,  which  was  achieved  in  11  (4.0%)  cases,  whereas
nine  (3.3%)  were  implanted  with  a  left  ventricular  assist
device.  At  the  end  of  (long-term)  follow-up,  the  mortality
rate  was  62.5%  (Fig.  2).

Long-term mortality risk factors

Predictive  factors  for  1-year  mortality  are  described  in
Table  A.1.  At  the  end  of  follow-up,  the  univariate  analysis
identified  age,  diabetes  mellitus,  severe  aortic  steno-
sis,  blood  glucose  >  12  mmol/L,  arterial  lactate  >  10  mmol/L,
catecholamine  support  and  the  implementation  of  renal
replacement  therapy  as  predictive  factors  for  long-term
mortality.  On  the  other  hand,  CS  associated  with  supraven-
tricular  arrhythmia  and  coronary  angiography  exploration
at  admission  were  identified  as  being  protective  factors
(Table  3).
Significant  variables,  and  those  with  a  P  value  <  0.2
by  univariate  analysis  (i.e.  male  sex,  hypertension,
beta-blocker  treatment  at  admission,  previous  use  of  an
anticoagulant,  such  as  a  vitamin  K  antagonist,  C-reactive

v
P
h
P

rotein  >  100  mg/L  and  non-invasive  ventilation)  were
ncluded  in  the  multivariable  Cox  proportional  hazard
odel.
After  multivariable  analysis,  independent  predictive  fac-

ors  of  long-term  mortality  were  age  (HR  1.02  per  year,
5%  CI  1.01—1.04;  P  <  0.001),  catecholamine  support  (HR
.45  per  drug,  95%  CI  1.20—1.75;  P  <  0.001)  and  use  of  renal
eplacement  therapy  (HR  1.66,  95%  CI  1.09—2.55;  P  =  0.02).
revious  use  of  beta-blockers  (HR  0.61,  95%  CI  0.41—0.89;

 =  0.01)  and  coronary  angiography  exploration  at  admis-
ion  (HR  0.57,  95%  CI  0.38—0.86;  P =  0.007)  were  protective
actors.  The  discrimination  performance  of  our  model  was
cceptable,  with  an  area  under  the  curve  of  0.79  (95%  CI
.77—0.81;  P  =  0.03).

ink between beta-blocker use and prognosis

atients  with  beta-blockers  at  admission  (n  =  109)  had
ore  frequent  history  of  cardiomyopathy  (61.7%  vs.  38.3%;

 <  0.001),  notably  of  ischaemic  aetiology  (61.6%).  There
as  no  link  between  beta-blockers  at  admission  and  beta-
lockers  at  hospital  discharge  (54.6%  of  patients  without
eta-blockers  at  admission  had  beta-blockers  at  discharge

ersus  66.1%  for  patients  with  beta-blockers  at  admission;

 =  0.2).  Patients  with  beta-blockers  at  discharge  tended  to
ave  a  lower  long-term  mortality  rate  (46.7%  vs.  53.3%;

 =  0.09).
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Table  1  Baseline  characteristics  and  univariate  association  with  long-term  mortality.

Variables  All  (n  =  275) Long-term  mortality

Survivors  (n  =  103)  Non-survivors  (n  =  172)  P

Cardiovascular  risk  factors
Age  (years) 64.1  ±  15.5 61 ±  15.9 66  ±  15.0 0.01
Male  200  (72.7)  80  (77.7)  120  (69.8)  0.15
BMI  (kg/m2)  26.6  ±  6.1  26.1  ±  6.4  27  ±  6.0  0.25
Smoking  123  (47.1)  53  (51.5)  70  (44.3)  0.25
Hypertension  116  (44.4)  40  (38.8)  76  (48.1)  0.14
Dyslipidaemia  105  (40.7)  41  (40.2)  64  (41.0)  0.89
Diabetes  mellitus  82  (31.5)  24  (23.3)  58  (36.9)  0.02

History  of  cardiopathy 174  (63.5)  61  (59.2)  113  (66.1)  0.25
Ischaemic  116  (42.3)  41  (39.8)  75  (43.9)  0.51

Treatment  at  admission
Aspirin  99  (42.7)  37  (41.1)  62  (43.7)  0.7
Other  antiaggregating  agent  42  (18.1)  17  (18.9)  25  (17.6)  0.8
VKA  56  (24.4)  14  (15.6)  42  (30.0)  0.01
NOAC  4  (1.74)  2  (2.2)  2  (1.4)  0.51
Beta-blocker  109  (47)  46  (51.1)  63  (44.4)  0.31
ACEI-ARB  95  (40.1)  33  (36.7)  62  (43.7)  0.29
Statin  90  (39.0) 46  (51.1)  63  (44.4)  0.26

Aetiology
ACS  97  (35.3) 34  (33.0)  63  (36.6)  0.54
Decompensated  heart  failure 94  (34.2) 34  (33.0) 60  (34.9)  0.75
Cardiac  arrest 57  (20.7) 21  (20.4)  36  (20.9)  0.1
Ventricular  arrhythmia 43  (15.6) 19  (18.5) 24  (14.0)  0,32
Supraventricular  arrhythmia 28  (10.2) 18  (17.5) 10  (5.8) 0.002
Iatrogeny  25  (9.1) 8  (7.8) 17  (9.9)  0.23
Infection  17  (6.2) 6  (5.8) 11  (6.4) 0.84
Bradycardia  16  (5.8)  4  (3.8)  12  (7.0)  0.84
Acute  valvular  disease  10  (3.6)  3  (2.9)  7  (4.1)  0.44
Other  40  (14.6)  20  (19.4)  20  (11.6)  0.08

Echocardiography
LVEF  (%)  28  ±  16  27  ±  15  28  ±  17  0.84
Severe  aortic  stenosis  21  (7.6)  4  (3.9)  17  (9.9)  0.07
Severe  mitral  insufficiency  23  (10.7)  12  (13.8)  11  (8.6)  0.22
Severe  aortic  insufficiency  7  (3.3)  3  (3.5)  4  (3.2)  0.59
Severe  mitral  stenosis  3  (1.4)  2  (2.4)  1  (0.8)  0.35

Biology
eGFR  (mL/min)  50  (32—67)  54  (36—73)  45  (30—66)  0.02
AST  (mmol/L)  102  (44—338)  97  (44—215)  111  (45—432)  0.36
ALT  (mmol/L)  70  (32—204)  77  (31—216)  69  (33—202)  0.93
Arterial  pH  7.31  ±  0.16  7.33  ±  0.14  7.30  ±  0.18  0.18
Arterial  lactate  (mmol/L)  3.8  (2—7.8)  3.5  (2.0—5.6)  4.0  (2.2—9.8)  0.07
Blood  glucose  (mmol/L)  9.6  (7.2—15)  9  (6.6—13.4)  10.2  (7.8—16.3)  0.01
PTT  (%)  58  ±  22  62  ±  23  56  ±  22  0.04
CRP  (mg/L)  29  (8—84)  19  (5—61)  42  (9—104)  0.02
BNP  (pg/mL)  (n  =  64)  1028  (491—1578)  769  (459—1413)  1122  (496—1813)  0.36
NTproBNP  (pg/mL)  (n  =  78)  7788  (2639—17206)  5082  (2226—10412)  10486  (3032—31150)  0.03
Troponin  T  (ng/mL)  (n  =  92)  2.7  (0.1—17.9)  3.5  (0.1—10.8)  2.1  (0.2—19)  0.58
Troponin  US  (ng/mL)  (n  =  139) 1135  (121—7319)  493  (76—2581)  2076  (251—8986)  0.006

Data are expressed as mean ± standard deviation, number (%) or median (interquartile range). ACEI: angiotensin-converting enzyme
inhibitor; ACS: acute coronary syndrome; ALT: alanine transaminase; ARB: angiotensin receptor blocker; AST: aspartate transaminase;
BMI: body mass index; BNP: brain natriuretic peptide; CRP: C-reactive protein; eGFR: estimated glomerular filtration rate with Cockcroft
and Gault formula; LVEF: left ventricular ejection fraction; NOAC: non-vitamin K antagonist oral anticoagulant; NTproBNP: N-terminal
prohormone of BNP; PTT: prothrombin time; VKA: vitamin K antagonist.
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Table  2  Management  and  univariate  association  with  long-term  mortality.

Variables  All  (n  =  275) Long-term  mortality

Survivors  (n  =  103) Non-survivors  (n  =  172) P

Non-invasive  management
Diuretics  119  (43.3) 48  (46.6) 71  (41.3)  0.38
Catecholamine  231  (84.0) 80  (77.7) 151  (87.8) 0.03
Dobutamine  163  (59.3) 59  (57.3) 104  (60.5) 0.6
Norepinephrine  158  (57.5)  51  (49.5)  107  (62.2)  0.04
Epinephrine  123  (44.7)  32  (31.1)  91  (52.9)  <  0.001
Catecholamine  support  1.6  ±  1  1.4  ±  1  1.8  ±  1  0.003

Invasive  management
Pulmonary  artery  catheterization  26  (9.5)  14  (13.6)  12  (7.0)  0.07
Coronary  angiography  141  (51.3)  65  (63.1)  76  (44.2)  0.002
PCI  97  (35.3)  35  (34.0)  62  (36.1)  0.72
CABG  7  (2.6)  4  (3.9)  3  (1.7)  0.24
Valvular  surgery  12  (4.4)  6  (5.8)  6  (3.5)  0.35

Circulatory  support  117  (42.6)  40  (38.8)  77  (44.8)  0.33
ECMO  90  (32.7)  30  (29.1)  60  (34.9)  0.35
IABP  50  (18.2)  16  (15.5)  34  (19.8)  0.37
Impella

®
(2.5  or  5.0) 3 (1.1) 1  (1.0) 2  (1.2)  0.43

Ventilation  support
Non-invasive  (n  =  250) 46  (18.4) 22  (23.7) 24  (15.3) 0.09
Mechanical  157  (57.1) 57  (55.3) 100  (58.1) 0.65

Renal  replacement  therapy
CVVHDF  53  (19.3)  14  (13.6)  39  (22.7)  0.06
IHD  19  (6.9)  2  (1.9)  17  (9.9)  0.01

Data are expressed as number (%) or mean ± standard deviation. CABG: coronary artery bypass grafting; CVVHDF: continuous venovenous
haemodiafiltration; ECMO: extracorporeal membrane oxygenation; IABP: intra-aortic balloon pump; IHD: intermittent haemodialysis;
PCI: percutaneous coronary intervention.
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Discussion

Thanks  to  a  large  single-centre  cohort  of  patients  with  CS,
we  have  shown  that,  even  if  acute  myocardial  infarction  was
the  main  aetiology,  non-ischaemic  CS  occurred  in  two-thirds
of  our  population.  Despite  significant  medical  breakthroughs
made  over  the  past  few  years,  the  CS  mortality  rate  remains
high  in  our  experience:  49.4%  at  30  days;  60.4%  at  1  year;
and  62.5%  long  term  (≥  2  years)  [5].

Age,  catecholamine  support  and  the  implementation  of
renal  replacement  therapy  were  identified  as  independent
predictive  factors  for  long-term  mortality,  and  are  likely
markers  of  the  initial  severity  of  the  shock.  Conversely,
previous  use  of  beta-blockers  and  coronary  angiography
exploration  at  admission  were  found  to  be  independent  fac-
tors  associated  with  lower  long-term  mortality.

Age  is  known  to  be  associated  with  short-term  mortal-
ity  in  ischaemic  CS  [9].  In  our  study,  age  appeared  to  be
a  significant  and  robust  risk  factor  for  1-year  (Table  A.1)
and  long-term  mortality  in  CS  patients  with  multiple  aeti-
ologies.  In  daily  practice,  advanced  age  often  constitutes
an  exclusion  criterion  for  advanced  therapies,  such  as  pro-
longed  intensive  care,  cardiac  transplantation  or  the  use  of
MCS.  However,  age  should  be  considered  cautiously,  as  some

studies  have  demonstrated  that  early  revascularization  in
ischaemic  CS  lowers  the  mortality  rate  in  elderly  patients.
This  explains  why  guidelines  recommend  emergency

i
S
h

ercutaneous  coronary  intervention  for  all  patients  pre-
enting  CS  complicating  ACS  (class  I,  level  of  evidence  B),
egardless  of  their  age  [2].  But,  to  date,  no  specific  consid-
ration  has  been  given  to  non-ischaemic  CS  management.

In  this  study,  we  report  for  the  first  time  a  protec-
ive  association  between  beta-blockers  at  admission  and
ong-term  prognosis  in  patients  with  CS.  The  multivari-
ble  analysis  showed  a protective  association  between
eta-blockers  at  admission  and  long-term  mortality,  and  a
rend  towards  an  association  with  1-year  mortality  (P  =  0.08;
able  A.1).  Moreover,  we  also  showed  a  link  between  beta-
lockers  at  discharge  and  long-term  prognosis,  although  no
ink  existed  between  beta-blockers  at  admission  and  at  dis-
harge.  This  link  between  beta-blockers  and  prognosis  has
een  shown  during  acute  heart  failure,  and  explains  why
uidelines  recommend  continuing  chronic  beta-blocker  use
o  improve  survival  in  the  absence  of  CS  [10—13].  The  possi-
le  protective  effect  of  beta-blockers  may  be  explained  by
everal  factors:  first,  they  bring  additional  long-term  clinical
enefits;  then,  they  may  ‘‘precondition’’  for  the  reduction
f  myocardial  contractility  or  cardiac  output  observed  dur-
ng  CS.

Initial  blood  glucose  concentration  and  diabetes  melli-
us  were  associated  with  long-term  mortality  in  our  study,

n  line  with  some  previous  studies  in  ischaemic  CS  [14].
o  far,  their  association  with  CS  of  different  aetiologies
as  not  been  demonstrated.  In  CS,  low  cardiac  output  and
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igure 2. Kaplan-Meier long-term survival curves. A. Overall. B. D
BB). D. Depending on catecholamine support. yo: years old.

ypotension  both  cause  hyperglycaemia  as  a  result  of  stress
esponse,  with  a  subsequent  rise  in  catecholamine  and  cor-
isol  concentrations,  coupled  with  hyperlactataemia  caused
y  insufficient  tissue  perfusion  [15].  An  elevated  blood
actate  concentration  has  been  also  linked  to  long-term  mor-
ality,  signalling  depth  of  shock  and  tissue  hypoperfusion,  as
escribed  previously  [16].

In  our  ‘‘real-life’’  non-selected  cohort  of  patients  with
S,  non-ischaemic  CS  was  frequent,  especially  after  car-
iac  arrest  and  decompensated  heart  failure,  which  justifies

 larger  registry  in  order  to  confirm  these  findings  [17].
nterestingly,  supraventricular  tachycardia  tended  to  be
ssociated  with  better  long-term  survival,  probably  because
f  the  easiness  of  reversibility  (i.e.  electric  or  therapeutic
ardioversion,  radiofrequency  ablation).  Our  multivariable
nalysis  did  not  show  a  link  between  percutaneous  coronary

ntervention  and  long-term  survival  rate,  probably  because
f  the  low  prevalence  (one-third)  of  patients  with  ACS  in  our
opulation.  Nonetheless,  coronary  angiography  exploration

y
t
a

ding on patient age. C. Depending on previous use of beta-blockers

as  associated  with  lower  1-year  (Table  A.1)  and  long-term
ortality,  supporting  the  European  Society  of  Cardiology

uidelines  and  previous  report  [18].
Contrary  to  previous  reports  in  patients  with  ischaemic

S  [19], left  ventricular  ejection  fraction  was  not  predictive
f  long-term  mortality.  In  our  cohort,  nearly  25%  of  patients
ad  an  ejection  fraction  >  40%,  and  only  one-third  had  CS
ith  an  acute  ischaemic  aetiology.  This  is  probably  because
S  pathogenesis  also  involves  systemic  inflammation  with

nappropriate  vasodilatation  and  diastolic  myocardial  dys-
unction  that  were  not  defined  by  left  ventricular  ejection
raction  evaluation,  especially  in  CS  of  different  aetiologies
20].

Not  surprisingly,  acute  and  chronic  renal  replacement
herapy  are  major  predictive  factors  for  1-year  (Table  A.1)
nd  long-term  mortality  in  CS.  Patients  on  chronic  dial-

sis  have  a  higher  ICCU  admission  incidence  every  year
han  the  general  population,  and  have  a  high  risk  of  short-
nd  long-term  mortality  in  this  context  [21,22].  Moreover,
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Table  3  Predictors  of  long-term  mortality  by  Cox  model.

Variable Univariate  analysis  Multivariable  analysis  (n  =  206)

HR  (95%  CI)  P  HR  (95%  CI)  P

Baseline  characteristics
Age  (for  an  additional  year  more)  1.01  (1.00—1.02)  0.02  1.02  (1.01—1.04)  <  0.001
Male  0.80  (0.58—1.11)  0.19  —  NS
Diabetes  mellitus  1.46  (1.06—2.03)  0.02  —  NS
Hypertension  1.33  (0.98—1.83)  0.07  —  NS
Beta-blocker  at  admission  0.77  (0.55—1.08)  0.12  0.61  (0.41—0.89)  0.02
VKA  at  admission  1.36  (0.95—1.96)  0.09  —  NS
Supraventricular  arrhythmia  cause  of
CS

0.40  (0.21—0.76)  0.005  —  NS

Admission  data
Severe  aortic  stenosis  1.71  (1.04—2.83)  0.03  1.43  (0.74—2.79)  0.28
eGFR  <  30  mL/min  1.17  (0.80—1.72)  0.41  —  NS
Blood  glucose  >  12  mmol/L  1.37  (1.01—1.86)  0.04  —  NS
Arterial  lactate  >  10  mmol/L  1.69  (1.21—2.34)  0.002  —  NS
PTT  <  30% 1.18  (0.77—1.83)  0.43  —  NS
CRP  >  100  mg/L  1.27  (0.93—1.72)  0.12  —  NS

Management
Catecholamine  support  (for  an
additional  agent  more)

1.36  (1.17—1.58) <  0.001  1.45  (1.20—1.75)  <  0.001

Coronary  angiography 0.71  (0.52—0.96) 0.03  0.57  (0.38—0.86)  0.02
Non-invasive  ventilation 0.70  (0.45—1.09) 0.12  —  NS
Renal  replacement  therapy 1.82  (1.32—2.51) <  0.001 1.66  (1.09—2.55)  0.02

CI: confidence interval; CS: cardiogenic shock; CRP: C-reactive protein; eGFR: estimated glomerular filtration rate with Cockcroft and
Gault formula; HR: hazard ratio; NS: not significant; PTT: prothrombin time; VKA: vitamin K antagonist.
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Lauridsen  et  al.  demonstrated  that  in  cases  of  acute  myocar-
dial  infarction-related  CS,  implementation  of  acute  renal
replacement  therapy  is  significantly  associated  with  chronic
dialysis  and  long-term  mortality  [23].  Mechanisms  underly-
ing  these  findings,  known  as  heart-kidney  type  1  syndrome,
may  be  induced  by  a  low  cardiac  output,  neurohormonal
activation  and  the  release  of  vasoactive  substances,  resul-
ting  in  low  renal  perfusion  with  possible  renal  ischaemia  and
necrosis.

Finally,  catecholamine  support  implementation  was  asso-
ciated  with  early  and  long-term  mortality,  with  a  threshold
effect,  as  mortality  was  not  modified  between  the  use  of  two
or  three  drugs,  signifying  the  severity  of  the  shock  and  the
need  to  consider  MCS.  For  many  years,  catecholamines  have
been  employed  to  stabilize  patients  with  CS,  and  current
guidelines  recommend  dobutamine  as  first-line  treatment
for  low  cardiac  output,  in  combination  with  norepinephrine
in  case  of  low  blood  pressure  to  correct  organ  malperfu-
sion  (class  IIb,  level  of  evidence  C).  The  combination  of
these  drugs  appears  to  be  safe  [24],  and  is  preferred  to
epinephrine  use,  which  is  associated  with  higher  mortality  in
CS  [25].  But  catecholamines  do  not  allow  for  continued  sta-
bilization  of  patients  with  severe  CS,  because  of  increasing
myocardial  oxygen  consumption,  heart  rate,  arrhythmo-
genicity  and  inflammation  in  the  already  diseased  heart  [26],
leading  to  impaired  microcirculation  and  multiorgan  failure.

For  these  reasons,  some  use  levosimendan  because  of  its
specific  mode  of  action  (not  passing  by  the  adrenergic  recep-
tors)  and  its  prolonged  duration  of  action,  even  if  the  level

a
i
i

f  evidence  is  low  to  date  in  CS.  This  explains  why  expert
onsensus  frequently  focuses  on  earlier  initiation  of  MCS  to
mprove  the  prognosis  of  patients  with  severe  CS  [27]. We
id  not  find  that  MCS  (concerning  one-third  of  patients  in
ur  study)  improved  survival  rate.  One  possible  explanation
s  that  patients  with  less  severe  forms  of  CS  are  more  fre-
uently  managed  in  smaller  cardiac  or  general  ICCUs,  and
hat  tertiary  centres  treat  the  most  severe  forms.  Another
xplanation  is  that  MCS  was  started  too  late  or  with  inap-
ropriate  support  (intra-aortic  balloon  pump  in  42.7%  of
upported  patients  [16]).  However,  in  case  of  refractory  CS,
hort-term  MCS  is  recommended,  with  a  moderately  high
evel  of  evidence  (class  IIa,  level  of  evidence  C)  [2,28],
xcept  for  intra-aortic  balloon  pump,  which  is  actually  not
ecommended  (class  II,  level  of  evidence  B).  In  a  recent
tudy,  patients  who  received  MCS  devices  earlier  were  more
ikely  to  survive  than  those  who  received  them  later,  with
ncreased  doses  and  inotropes  illustrating  the  importance  of
horter  ‘‘shock  to  support’’  time  [28,29].

tudy limitations

ur  study  has  all  the  limitations  associated  with  retro-
pective  and  single-site  studies.  Selection  and  confounding
iases  may  be  present  as  a  result  of  the  observational  and
etrospective  design,  including  patients  lost  to  follow-up

nd  lack  of  data  (biological  data,  for  example).  However,
n  contrast  to  most  of  the  previous  studies,  which  often
ncluded  only  ACS  as  a  cause  of  CS,  we  included  patients  with
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S  arising  from  a  broad  aetiological  spectrum,  providing  a
reater  overview  of  ‘‘real-life  practice’’.

Moreover,  the  choice  of  several  CS  aetiologies  for
ach  patient  constitutes  a  confounding  factor  and  lim-
ts  subgroup  analysis,  although  it  corresponds  to  clinical
ractice.

Our  model  discrimination  performance  was  acceptable,
ith  an  area  under  the  curve  of  0.79,  but  given  that  our
odel  was  derived  from  and  only  tested  in  the  same  dataset,

esults  should  be  interpreted  carefully.

onclusions

n  ICCUs,  patients  with  CS  are  not  uncommon,  and  mortal-
ty  among  these  patients  remains  high.  Although  ACS  is  the
ost  common  aetiology,  decompensated  heart  failure  and

rrhythmias  are  also  frequent.  Age,  catecholamine  use  and
enal  replacement  therapy  are  significantly  associated  with
ong-term  mortality,  while  previous  use  of  beta-blockers  and
oronary  angiography  are  associated  with  better  survival.  All
hese  findings  may  help  to  inform  clinical  decision-making
nd  clarify  resource  requirements  for  this  population.
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