
Sus-­‐décalage	
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Que	
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Suzie	
  Paquet	
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  2014	
  



PrésentaAon	
  de	
  cas	
  

•  Femme,	
  65	
  ans,	
  dlr	
  HCD,	
  no/vo	
  	
  X	
  14j	
  
•  ATCDs	
  :	
  
– HTA	
  
– DLP	
  
– Migraine	
  

•  Allergie	
  :!	
  



PrésentaAon	
  de	
  cas	
  	
  

•  Rx	
  :	
  
– Altace	
  10	
  mg	
  
– Crestor	
  10	
  mg	
  
– Celebrex	
  

•  HDV	
  –	
  X3	
  
•  Dx	
  :	
  coliques	
  biliaires	
  
•  CCK	
  élecAve	
  par	
  laparoscopie	
  



PrésentaAon	
  de	
  cas	
  	
  

•  SV	
  :	
  130/74,	
  RC	
  :67,	
  RR:	
  16,	
  sat	
  :	
  98%	
  
•  Capacité	
  physique	
  :	
  	
  ≥	
  4	
  mets	
  	
  
	
  
•  ECG	
  :	
  
–  Inversion	
  onde	
  T	
  en	
  II,	
  III,	
  AVF,	
  V3-­‐6	
  
– Sous-­‐décalage	
  ST	
  1mm	
  dans	
  II,III,AVF,	
  V3-­‐6	
  
– Onde	
  T	
  aplaAe	
  en	
  V1-­‐V2	
  



PrésentaAon	
  de	
  cas	
  	
  
•  ConsultaAon	
  cardiologie	
  	
  
	
  
–  ETT	
  :	
  N	
  
–  Conclusion	
  	
  :	
  risque	
  faible	
  malgré	
  ECG	
  anormal	
  	
  



PrésentaAon	
  de	
  cas	
  
•  En	
  SOP	
  
– Monitoring	
  usuel	
  
–  Pré-­‐O2	
  
–  InducAon	
  standard	
  
– MainAen	
  standard	
  

•  20	
  minutes	
  plus	
  tard	
  :	
  	
  
– éTA	
  :	
  213/141	
  	
  	
  éRC	
  :140	
  
–  Sus-­‐décalage	
  	
  I,	
  aVL	
  
	
  



PrésentaAon	
  de	
  cas	
  	
  

•  Metoprolol	
  1	
  mg	
  	
  
•  RC	
  :100	
  
•  Perte	
  de	
  TA	
  
•  Bolus	
  phényléphrine	
  	
  
•  Canule	
  artérielle	
  installée	
  :	
  TA	
  :	
  80/50	
  
•  ECG	
  12	
  branches	
  
	
  	
  



ECG	
  



PrésentaAon	
  de	
  cas	
  	
  
•  Appel	
  cardio	
  pour	
  STEMI	
  suspecté	
  
•  ASA/héparine	
  IV	
  
•  Perfusion	
  phényléphrine	
  débutée	
  	
  
•  HypoTA	
  demeure	
  importante	
  
•  ETO	
  fait	
  au	
  chevet	
  	
  	
  	
  	
  	
  

	
  



Écho	
  Transthoracique	
  



QuesAon	
  	
  
•  TA	
  :	
  80/40	
  malgré	
  phényléphrine	
  ,	
  RC	
  :	
  95,	
  SAT	
  :	
  99%,	
  

pressions	
  de	
  venAlaAon	
  N	
  
•  CAT	
  suite	
  aux	
  trouvailles	
  à	
  l’écho	
  :	
  	
  
–  A)	
  Ajouter	
  	
  dopamine	
  
–  B)	
  Ajouter	
  dobutamine	
  ou	
  milrinone	
  pour	
  pallier	
  à	
  
l’insuffisance	
  cardiaque	
  

–  C)	
  Challenge	
  volémique	
  :	
  Bolus	
  de	
  1L	
  LR	
  
–  D)	
  Challenge	
  volémique	
  250	
  mL	
  LR	
  +	
  é	
  phényléphrine	
  
–  E)	
  BB	
  	
  +	
  challenge	
  volémique	
  	
  1L	
  LR	
  



PrésentaAon	
  de	
  cas	
  

•  Chirurgie	
  terminée	
  rapidement	
  	
  
•  Hémodynamie	
  :	
  coronaires	
  normales	
  
•  Tropos	
  :	
  +	
  
•  Dx	
  probable:	
  Takotsubo	
  



Plan	
  de	
  la	
  présentaAon	
  

•  Takotsubo	
  
– Épidémiologie	
  
– PrésentaAon	
  clinique	
  
– ComplicaAons	
  
– Prise	
  en	
  charge	
  

•  CAT	
  d’un	
  sus-­‐décalage	
  en	
  SOP	
  
•  Choc	
  cardiogénique	
  	
  
•  ObstrucAon	
  de	
  la	
  chambre	
  de	
  chasse	
  	
  



Takotsubo	
  

•  Typique	
  :	
  	
  
– ê	
  contracAlié	
  apex	
  +	
  ventricule	
  moyen	
  	
  	
  	
  	
  	
  
– Hyperkinésie	
  compensatrice	
  de	
  la	
  base	
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and were maintained on various cardiac and non-car-
diac medications (Table 4).

Clinical follow-up

After discharge, 28 of the 31 patients (90.3%) attended 
the planned ambulant check-up 172.4 ± 342.8 days after 
the index event. Three patients (9.7%) had died from 
non-cardiac causes before the long-term follow-up ex-
amination. The 28 patients who were reinvestigated had 
no reappearance of angina-like complaints, and wall 
abnormalities and ECG changes were normalized. TTC 
recurred after the follow-up examination in one patient, 
13 months after the first event. 

Discussion

Since the early 1990s, several cases of a new heart syn-
drome called Tako-Tsubo cardiomyopathy (TTC) have 
been reported in Japan [4–9]. More recent reports have 
also documented the presence of this syndrome in oth-
er countries [10–16]. It is estimated that TTC accounts 
for approximately 2.0% of ST-segment elevation acute 
coronary syndromes [2]. In our series the incidence of 
TTC was 3.1% among patients admitted with an acute 
STEMI and 1.8% in patients with non-STEMI.

In line with other reports, most of our patients were 
postmenopausal women and in the majority of cases 
acute emotional and physical stress factors could be 
identified. It is not known why this disorder affects 
women disproportionately [17].

According to our observations the majority of pa-
tients with TTC had a clinical presentation indistin-
guishable from that of patients presenting with an acute 
coronary syndrome. Acute chest pain and dyspnea were 
present in all patients and even lung edema, severe hy-
potension and shock may be present. The most frequent 
finding on the admission ECG is ST-segment elevation 
in the precordial leads. Unlike patients with myocardial 
infarction, the extent of ST elevation is typically less in 

patients with Tako-Tsubo syndrome and concurrent ST-
segment depression in other leads is infrequent. Non-
specific T-wave changes and abnormal Q-waves may 
also be encountered on presentation. Diffuse deep T-
wave inversions are typically seen in the subacute 
phase. However, ECG changes themselves do not have 
sufficient predictive value for discriminating TTC from 
acute myocardial infarction. Elevation of cardiac mark-
ers is usually mild and disproportionate to the extent of 
akinesia of the left ventricle.

The QTc interval is temporarily prolonged in TTC 
and carries a risk for arrhythmias such as torsade de 
pointes tachycardias in the acute and subacute period; 
however sudden cardiac death and ventricular arrhyth-
mias are uncommon [18]. Interestingly, the pathophysi-
ology of QT prolongation seems to be different from 
ischemic coronary heart disease. Among several mech-
anisms, neurogenically mediated myocardial stunning 
is the most plausible explanation, but autonomic chang-
es also have direct actions on ventricular depolariza-
tion. Systemic sympathetic activation, elevated cate-
cholamine concentrations and autonomic blockade 
have been shown to significantly prolong the QT inter-

Fig. 2. Typical left ventriculographic finding during the acute phase. A Diastole; B Systole – apical ballooning of the ventricle, showing 
akinesis of the apical and midventricular segments and hyperkinesis in basal segments

Table 4. Discharge medication

Aspirin (%) 22 (71)
Clopidogrel (%) 9 (29)
LMW heparin (%) 11 (35.5)
Beta-blockers (%) 17 (54.8)
Furosemide (%) 6 (19.4)
Statins (%) 11 (35.5)
ACEi (%) 22 (71)
Ca-channel bl. (%) 3 (9.7)
Digitalis (%) 4 (12.9)

Data are given as counts (%); ACEi angiotensin-converting enzyme 
inhibitors; Ca-channel bl. calcium-channel blockers; LMW heparin 
low-molecular-weight heparin.
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Takotsubo	
  

•  80-­‐100%	
  :	
  	
  
•  58	
  à	
  76	
  ans	
  
•  Le	
  +	
  souvent	
  :	
  	
  	
  
– Stress	
  intense	
  
– Contexte	
  chirurgical	
  :	
  3%	
  à	
  	
  10%	
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Takotsubo	
  

•  Pathophysiologie	
  !bien	
  comprise	
  
•  Hypothèses	
  :	
  	
  
– 1)	
  Excès	
  de	
  cathécolamines	
  
– 2)	
  Spasme	
  coronaire	
  (27%	
  )	
  
– 3)	
  DysfoncAon	
  microvasculaire	
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PrésentaAon	
  clinique	
  Takotsubo	
  

•  DRS	
  	
  
•  Dyspnée	
  
•  Syncope	
  
•  Choc	
  
•  Anomalie	
  ECG	
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Fig. 1. Tako-tsubo.

emotional or physical stress. In 1985, 6 cases of transient left
ventricular apical wall motion abnormalities after non-cardiac
surgery were reported in Japan [9].  In these cases, coronary
angiography was not performed. In 1986, a female case of tran-
sient left ventricular apical wall motion abnormalities after her
son’s suicide was reported in the USA [10]. In this case, coro-
nary angiography revealed no significant stenosis. Similar cases
complicated by pheochromocytoma or subarachnoid hemorrhage
were also recognized about that time [11,12]. These reports sug-
gested several possible pathophysiological mechanisms to explain
this phenomenon including myocarditis, coronary artery spasm, or
focal myocytolysis due to catecholamine surge.

Fig. 2. Table of contents including the first report of tako-tsubo cardiomyopathy
described by Dr Sato.
Adapted from Ref. [1],  with permission.

In 1990, Dr Sato at Hiroshima City Hospital first recognized the
concept of reversible left ventricular apical wall motion abnormali-
ties without coronary artery disease (CAD), and originally proposed
the term “tako-tsubo-like left ventricular dysfunction” because the
shape of left ventriculogram during systole resembled a tako-tsubo
[1] (Fig. 2). In Japan, this disorder was gradually recognized through
the funny name and subsequent his colleagues’ reports [1–4].

After 2000, Japanese researchers introduced this disorder out-
side Japan with English papers, and its concept and the name
“tako-tsubo cardiomyopathy” have been gradually recognized

Fig. 3. Left ventriculogram and electrocardiogram in tako-tsubo cardiomyopathy (left panel) and anterior acute myocardial infarction (right panel).
Adapted from Ref. [14], with permission.
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Trouvailles	
  

•  Sus-­‐décalage	
  :	
  34	
  à	
  56	
  %	
  	
  
•  Tropos	
  :	
  é	
  légère	
  	
  	
  (	
  0.01	
  à	
  5.2	
  ng/ml)	
  
•  FEVG	
  :	
  20	
  à	
  49%	
  
•  Angio	
  N	
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Proposed Mayo Clinic 
criteria for the diagnosis of 
Tako-Tsubo cardiomyopathy 
and long-term prognosis

Main topic/CME

Tako-Tsubo cardiomyopathy (TTC), also 
known as apical ballooning syndrome or 
stress cardiomyopathy, is a reversible con-
dition that is frequently precipitated by a 
stressful event [1, 2]. The syndrome was 
first described in the Japanese popula-
tion in 1991 and was given the name ‘Ta-
ko-Tsubo’ after the round bottomed and 
narrow necked Japanese fishing pot that 
resembles the characteristic shape of the 
left ventricle during systole in this condi-
tion [3]. Since then there have been sever-
al case series from North America [4, 5, 6, 
7, 8], Europe [9, 10, 11], Asia [12, 13, 14] and 
Australia [15]. TTC has been recognized 
as a primary acquired cardiomyopathy in 
the American Heart Association scientif-
ic statement on the classification of car-
diomyopathies [16].

Despite the increasing awareness of 
this unique syndrome, TTC is often mis-
diagnosed due to the fact that the clini-
cal presentation mimics an acute coro-

nary syndrome. As such, it is an impor-
tant differential diagnosis in acute myo-
cardial infarction (MI), and is estimat-
ed to represent approximately 1%–2% of 
patients presenting with suspected acute 
coronary syndrome [13, 17, 18, 19, 20, 21]. 
In this article, we review the clinical char-
acteristics of TTC that form the basis for 
the Mayo Clinic diagnostic criteria. We al-
so summarize the long-term prognosis of 
cardiomyopathy.

Clinical characteristics

Clinical presentation

Over 90% of TTC patients are postmeno-
pausal women, and in the published case 
series, the mean age ranged from 62 to 
76 years. An emotionally or physical-
ly stressful event preceding the onset of 
symptoms is a hallmark of the syndrome. 
A wide variety of emotional stressors have 

been reported including death of a loved 
one, receiving tragic news, a heated argu-
ment, accidents and financial loss. Physi-
cal stressors include, but are not limited to, 
a post-operative state, severe pain, acute 
exacerbation of asthma or chronic ob-
structive pulmonary disease, severe sep-
sis, undergoing a cardiac stress test, and 
central nervous system disorders such as 
subarachnoid hemorrhage and seizures. 
However, despite careful evaluation, a 
triggering event may not be identified in 
as many as one-third of patients [7, 22, 23]. 
Thus, it is important to be aware that the 
absence of a precipitating event does not 
preclude the diagnosis of TTC.

Angina like chest pain is the most com-
mon symptom at presentation, account-
ing for 60%–100% of all patients in the 
published case series [7, 22, 24]. Dyspnea 
is also frequently noted, while syncope 
and out of hospital cardiac arrest are rare. 
A small proportion of patients, often hos-
pitalized for non-cardiac illnesses, are as-
ymptomatic and identified due to the pres-
ence of ischemic ECG changes or cardiac 
biomarker elevation. Signs and symptoms 
of heart failure and pulmonary edema are 
common, and cardiogenic shock has been 
reported as a rare complication.

Electrocardiographic findings
ST-segment elevation is present on the 
initial ECG in approximately 30%–50% 
of patients [7, 12, 13, 14, 22, 25, 26, 27, 28, 
29]. The ST-segment elevation is transient 
and most commonly involves the precor-
dial leads, although the inferior leads may 

Tab. 1 Mayo Clinic diagnostic criteria for Tako-Tsubo cardiomyopathy (apical ballooning 
syndrome)
1. Transient hypokinesis, akinesis, or dyskinesis of the left ventricular mid segments with or 

without apical involvement; the regional wall motion abnormalities extend beyond a single 
epicardial vascular distribution; a stressful trigger is often, but not always, present*

2. Absence of obstructive coronary disease or angiographic evidence of acute plaque rupture**

3. New electrocardiographic abnormalities (either ST-segment elevation and/or T-wave 
 inversion) or modest elevation in cardiac troponin

4. Absence of: Pheochromocytoma, myocarditis
*There are rare exceptions to these criteria such as those patients in whom the regional wall motion abnormality 
is limited to a single coronary territory.
**It is possible that a patient with obstructive coronary atherosclerosis may also develop Tako-Tsubo cardiomyo-
pathy. However, this is very rare in our experience as well as in the published literature, perhaps because such 
cases are misdiagnosed as an acute coronary syndrome.
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ComplicaAons	
  	
  

•  IC	
  et	
  OAP	
  	
  :	
  15.8	
  %	
  	
  
•  Choc	
  cardiogénique	
  :	
  10.33	
  %	
  
•  Arrythmies	
  	
  
•  Thrombus	
  5.3%	
  
•  IC	
  sévère	
  	
  è	
  agents	
  inotropiques	
  (23.6%)	
  BIA	
  
(11.2%	
  )	
  

•  ObstrucAon	
  chambre	
  de	
  chasse	
  :	
  16%-­‐25%	
  
•  RégurgitaAon	
  mitrale	
  :	
  25%	
  
•  Mortalité	
  :	
  0-­‐8%	
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Traitements	
  
	
  
•  Sus-­‐décalage	
  :	
  	
  
– Coro	
  d’urgence	
  	
  
– Thérapie	
  de	
  support	
  
– RésoluAon	
  du	
  stress	
  physique	
  ou	
  émoAonnel	
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Takotsubo	
  
Traitements	
  

hypoTA/choc	
  
cardiogénique	
  

echo	
  

 LVOTO	
  

!Inotropes	
  	
  	
  	
  	
  
ñpré-­‐charge	
  
ñpost-­‐charge	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
BB	
  si	
  FEVG	
  N	
  

! LVOTO	
  

inotropes	
  
Vasopresseurs	
  	
  

BIA	
  



PronosAque	
  

•  Mortalité	
  :	
  0-­‐8%	
  
•  RécupéraAon	
  :	
  1-­‐4	
  semaines	
  
•  31%	
  récidives	
  DRS	
  
•  10%	
  récidives	
  takostubo	
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Sus-­‐décalage	
  	
  
•  DDX	
  :	
  
–  Infarctus	
  2nd	
  rupture	
  plaque	
  
–  Thrombose	
  stent	
  
–  DissecAon	
  coronaire	
  chez	
  jeunes	
  et	
  en	
  péripartum	
  
–  Vasospasme	
  
–  Takostubo	
  2%,	
  6%	
  chez	
  jeunes	
  femmes	
  
– Myocardite	
  
–  DissecAon	
  aorAque	
  
–  2nd	
  cocaine	
  
–  Cardiac	
  syndrome	
  X	
  	
  	
  



Sus-­‐décalage	
  en	
  SOP	
  	
  	
  

•  Interrompre	
  chx/	
  terminer	
  et	
  fermer	
  
rapidement	
  

•  Aviser	
  cardiologie	
  en	
  urgence	
  
•  OxygénaAon	
  
•  ASA/héparine	
  avec	
  évaluaAon	
  risques/
bénéfices	
  

•  	
  MainAen	
  opAmal	
  hémodynamique	
  	
  
•  ê	
  travail	
  cardiaque	
  	
  
•  	
  Tx	
  arhythmie	
  



Ischémie	
  	
  

ObjecDfs	
  hémodynamiques	
  

Pré-­‐charge	
   N	
  	
  	
  ê	
  tension	
  murale	
  et	
  
LVEDP	
  

Post-­‐charge	
   MainAen	
  :	
  HTA	
  mieux	
  que	
  
hypoTA	
  

ContracAlité	
   ê	
  (	
  si	
  foncAon	
  VG	
  N	
  )	
  

Fréquence	
   lent	
  

Ryhtme	
   sinusal	
  

MVO2	
   monitoring	
  

Barash	
  7e	
  édiAon	
  p.	
  1078	
  



Hypotension	
  réfractaire	
  en	
  SOP	
  
•  DDX	
  
–  Choc	
  cardiogénique	
  
–  Choc	
  hypovolémique/hémorragique	
  
–  Choc	
  distribuAf	
  :	
  

•  Anaphylaxique	
  
•  Choc	
  sepAque	
  
•  Choc	
  neurogénique	
  

–  Choc	
  obstrucAf	
  :	
  tamponnade,	
  embolie	
  pulmonaire	
  
–  ARA/IECA	
  



DDX	
  

•  SituaAon	
  clinique	
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BACKGROUND
Both dopamine and norepinephrine are recommended as first-line vasopressor agents 
in the treatment of shock. There is a continuing controversy about whether one agent 
is superior to the other.

METHODS
In this multicenter, randomized trial, we assigned patients with shock to receive 
either dopamine or norepinephrine as first-line vasopressor therapy to restore and 
maintain blood pressure. When blood pressure could not be maintained with a dose 
of 20 µg per kilogram of body weight per minute for dopamine or a dose of 0.19 µg 
per kilogram per minute for norepinephrine, open-label norepinephrine, epineph-
rine, or vasopressin could be added. The primary outcome was the rate of death at 
28 days after randomization; secondary end points included the number of days 
without need for organ support and the occurrence of adverse events.

RESULTS
The trial included 1679 patients, of whom 858 were assigned to dopamine and 821 
to norepinephrine. The baseline characteristics of the groups were similar. There 
was no significant between-group difference in the rate of death at 28 days (52.5% 
in the dopamine group and 48.5% in the norepinephrine group; odds ratio with 
dopamine, 1.17; 95% confidence interval, 0.97 to 1.42; P = 0.10). However, there were 
more arrhythmic events among the patients treated with dopamine than among 
those treated with norepinephrine (207 events [24.1%] vs. 102 events [12.4%], P<0.001). 
A subgroup analysis showed that dopamine, as compared with norepinephrine, 
was associated with an increased rate of death at 28 days among the 280 patients 
with cardiogenic shock but not among the 1044 patients with septic shock or the 263 
with hypovolemic shock (P = 0.03 for cardiogenic shock, P = 0.19 for septic shock, 
and P = 0.84 for hypovolemic shock, in Kaplan–Meier analyses).

CONCLUSIONS
Although there was no significant difference in the rate of death between patients 
with shock who were treated with dopamine as the first-line vasopressor agent and 
those who were treated with norepinephrine, the use of dopamine was associated 
with a greater number of adverse events. (ClinicalTrials.gov number, NCT00314704.)
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Kaplan–Meier curves for the subgroup analysis 
according to type of shock are shown in Figure 7 
in the Supplementary Appendix.

Discussion

In this multicenter, randomized, blinded trial com-
paring dopamine and norepinephrine as the ini-
tial vasopressor therapy in the treatment of shock, 
there was no significant difference in the rate of 
death at 28 days between patients who received do-
pamine and those who received norepinephrine. 
Dopamine was associated with more arrhythmic 
events than was norepinephrine, and arrhythmic 
events that were severe enough to require with-
drawal from the study were more frequent in the 

dopamine group. In addition, dopamine was as-
sociated with a significant increase in the rate of 
death in the predefined subgroup of patients with 
cardiogenic shock.

The rate of death at 28 days in this study was 
close to 50%, which is to be expected in a study 
with very few exclusion criteria and is similar to 
the rate in previous observational studies.3,9,21-24 
Our trial was a pragmatic study that included all 
patients who were treated for shock states, and 
therefore, it has high external validity. The study 
design allowed for maximal exposure to the study 
drug, since we included patients who had received 
open-label vasopressors for a maximum of 4 hours 
before randomization and since during the 28-day 
study period, the study drug was withdrawn last 
when patients were weaned from vasopressor 
therapies and was resumed first if resumption of 
vasopressor therapy was necessary.

Smaller observational studies have suggested 
that treatment with dopamine may be detrimen-
tal to patients with septic shock.3,9,10 However, 
Póvoa et al. reported a lower rate of death among 
patients treated with dopamine than among those 
treated with norepinephrine.25 In our study, which 
included more than 1000 patients with septic 
shock, there was no significant difference in the 
outcome between patients treated with dopamine 
and those treated with norepinephrine.

Among patients with cardiogenic shock, the 
rate of death was significantly higher in the group 
treated with dopamine than in the group treated 
with norepinephrine, although one might expect 
that cardiac output would be better maintained 
with dopamine26-28 than with norepinephrine. The 
exact cause of the increased mortality cannot be 

Table 2. Mortality Rates.*

Time Period Dopamine Norepinephrine
Odds Ratio
(95% CI)† P Value

percent mortality

During stay in intensive care unit 50.2 45.9 1.19 (0.98–1.44) 0.07

During hospital stay 59.4 56.6 1.12 (0.92–1.37) 0.24

At 28 days 52.5 48.5 1.17 (0.97–1.42) 0.10

At 6 mo 63.8 62.9 1.06 (0.86–1.31) 0.71

At 12 mo 65.9 63.0 1.15 (0.91–1.46) 0.34

* Data were available for 1656 patients in the intensive care unit, in the hospital, and at 28 days; for 1443 patients at 
6 months; and for 1036 patients at 12 months.

† Odds ratios for death are for the comparison of the dopamine group with the norepinephrine group.
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Figure 2. Kaplan–Meier Curves for 28-Day Survival in the Intention-to-Treat 
Population.
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Table 3. Secondary Outcomes and Adverse Events.*

Variable
Dopamine
(N = 858)

Norepinephrine
(N = 821) P Value

Support-free days through day 28

Vasopressors not needed

Trial drug 11.0±12.1 12.5±12.1 0.01

Open-label vasopressors 12.6±12.5 14.2±12.3 0.007

Mechanical ventilation not needed 8.5±11.2 9.5±11.4 0.13

Renal support not needed 12.8±12.4 14.0±12.3 0.07

Intensive care not needed 8.1±10.3 8.5±10.3 0.43

Length of stay — no. of days

Intensive care unit 0.12

Median 5 5

Interquartile range 1–11 2–12

Hospital 0.22

Median 11 12

Interquartile range 2–28 3–28

Cause of death in hospital — no./total no. (%) 0.31

Refractory shock 196/426 (46) 155/381 (41)

Withdrawal or withholding of therapy 193/426 (45) 190/381 (50)

Brain death or severe postanoxic lesions 37/426 (9) 36/381 (9)

Adverse events

Arrhythmias — no. (%) 207 (24.1) 102 (12.4) <0.001

Atrial fibrillation 176 (20.5) 90 (11.0)

Ventricular tachycardia 21 (2.4) 8 (1.0)

Ventricular fibrillation 10 (1.2) 4 (0.5)

Myocardial infarction — no. (%) 19 (2.2) 25 (3.0) 0.29

New infectious episode

No. of episodes 0.69

Median 1 1

Interquartile range 0–1 0–1

Patients with at least one episode — no. (%) 674 (78.6) 619 (75.4) 0.35

Skin ischemia — no. (%) 56 (6.5) 34 (4.1) 0.09

Mild† 46 (5.4) 28 (3.4)

Severe‡ 10 (1.2) 6 (0.7)

Arterial occlusion — no. (%)§ 23 (2.7) 20 (2.4) 0.12

Arms or fingers 5 (0.6) 1 (0.1)

Legs 7 (0.8) 13 (1.6)

Bowel 11 (1.3) 6 (0.7)

* Plus–minus values are means ±SD.
† Mild skin ischemia was defined as a cold and cyanotic skin area, with capillary refill time of more than 2 seconds.
‡ Severe skin ischemia was defined as cold and black skin, with no bleeding on puncture.
§ Arterial occlusion in an extremity was considered to be present if an extremity was cold, if the capillary refill time was 

prolonged (>2 seconds), and if there was no pulse in the nutritive artery. Vascular occlusion in the bowel was consid-
ered to be present if bowel ischemia was detected by laparotomy, computed tomography, or colonoscopy.
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determined, but the early difference in the rate 
of death suggests that the higher heart rate with 
dopamine may have contributed to the occurrence 
of ischemic events. Whatever the mechanism may 
be, these data strongly challenge the current Am-
erican College of Cardiology–American Heart As-
sociation guidelines, which recommend dopamine 
as the first-choice agent to increase arterial pres-
sure among patients who have hypotension as a 
result of an acute myocardial infarction.7

This study has several limitations. First, do-
pa mine is a less potent vasopressor than norepi-
nephrine; however, we used infusion rates that 

were roughly equipotent with respect to systemic 
arterial pressure, and there were only minor dif-
ferences in the use of open-label norepinephrine, 
most of which were related to early termination 
of the study drug and a shift to open-label norepi-
nephrine because of the occurrence of arrhyth-
mias that were difficult to control. Doses of open-
label norepinephrine and the use of open-label 
epinephrine and vasopressin were similar between 
the two groups. Second, we used a sequential de-
sign, which potentially allowed us to stop the 
study early if an effect larger than that expected 
from observational trials occurred; however, the 
trial was eventually stopped after inclusion of more 
patients than we had expected to be included on 
the basis of our estimates of the sample size. 
Accordingly, all conclusions related to the primary 
outcome reached the predefined power.

In summary, although the rate of death did 
not differ significantly between the group of pa-
tients treated with dopamine and the group treated 
with norepinephrine, this study raises serious con-
cerns about the safety of dopamine therapy, since 
dopamine, as compared with norepinephrine, was 
associated with more arrhythmias and with an 
increased rate of death in the subgroup of pa-
tients with cardiogenic shock.
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Figure 3. Forest Plot for Predefined Subgroup Analysis 
According to Type of Shock.

A total of 1044 patients were in septic shock (542 in 
the dopamine group and 502 in the norepinephrine 
group), 280 were in cardiogenic shock (135 in the do-
pa mine group and 145 in the norepinephrine group), 
and 263 were in hypovolemic shock (138 in the dopa-
mine group and 125 in the norepinephrine group). The 
P value for interaction was 0.87.

APPENDIX
Other investigators and participants in the trial are as follows: R. Kitzberger, U. Holzinger, Medical University of Vienna, Vienna; A. 
Roman, Centre Hospitalier Universitaire St. Pierre; D. De Bels, Brugmann University Hospital; S. Anane, Europe Hospitals St. Elisabeth, 
and S. Brimioulle, M. Van Nuffelen, Erasme University Hospital — all in Brussels; M. VanCutsem, Centre Hospitalier Universitaire de 
Charleroi, Charleroi, Belgium; J. Rico, J.I. Gomez Herreras, Rio Hortega University Hospital, Valladolid, Spain; H. Njimi (trial statisti-
cian), Université Libre de Bruxelles, Brussels; and C. Mélot (independent statistician and physician responsible for conducting sequen-
tial analysis and evaluation of serious adverse effects), Erasme University Hospital, Brussels.
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Patho-anatomical mechanisms of systolic
anterior motion

The MV consists of the anterior and posterior leaflets, the
annulus and the subvalvular apparatus of the papillary muscles
and chordae tendinae. The function of MV depends on these
structures, but also the global left ventricular (LV) structure and
contractility. Changes in any element of this functional unit can
predispose to or precipitate SAM. These are discussed in detail
below and are summarized in Fig. 1.

The role of the mitral leaflets. A disruption of the dynamic
unit of the mitral annulus and the MV leaflets can predispose to
SAM. Excessive anterior or posterior leaflet tissue can predispose
to SAM because they provide a large surface area on which drag
forces act (resulting from the high flow of blood through the
LVOT), drawing the MV anteriorly and towards the LV. They may
also cause the MV coaptation point to move anteriorly towards
the LVOT. Any anatomical or surgical translocation of the MV
anteriorly will increase the forces acting to draw the MV
anteriorly that may precipitate SAM. How such features actually
result in SAM is not fully understood. It was thought that Venturi
effect (which is the fluid pressure reduction at areas of stenosis,
necessarily resulting from the need to increase the flow velocity)
alone could account for SAM by means of a mitral–aortic angle
of <15°. However, anatomical studies have demonstrated a
mitral–aortic angle closer to 21° in some cases of SAM,
suggesting that the role of other factors involved in its
pathogenesis. Drag forces are also thought to play a role. Charls
[9] proposed that the Venturi effect may elevate the MV and that
drag forces may move it anteriorly resulting in a synergistic
mechanism to result in SAM. Experimental studies are required
to assess this hypothesis.

He et al. [10] proposed that elongation of the anterior leaflet
could be a mechanism for SAM and this is supported by echo-
cardiographic evidence, showing that the anterior mitral leaflet
(AML) height is an important predictor of SAM [11]. Elongation
of the MV leaflets can be pathological or may result from surgi-
cal correction. This evidence provides the rationale for the

anterior valvuloplasty as a surgical technique to address SAM
[12]. Changes to posterior leaflet height have also been proposed
to be important as it results in anterior shifting of the coaptation
point closer to the base of the anterior leaflet, predisposing to
SAM [13]. This supports the role of the sliding posterior leaflet
plasty technique to move the coaptation point posteriorly [4] as
a treatment for SAM. The relationship between the anterior and
posterior leaflets is also important as an anterior:posterior leaflet
length ratio <1.3 is a risk factor for SAM. Carpentier and cowor-
kers [7] asserted that the essential cause of SAM is excess tissue
with respect to the annulus. To prevent this during MV repair,
he has proposed a number of principles. These are outlined in a
later section on prevention of SAM during MV repair.

The role of the mitral annulus. Recent animal [14, 15] and
clinical studies [16] associate the insertion of rigid/semirigid
mitral rings with the disruption of anterior mitral annulus
dynamics. Patients with mitral rings can demonstrate
gross-disruption of LVOT function on cardiac magnetic
resonance imaging (MRI) [16], and there is increasing evidence
that identifies the disruption of mitral annular and aortic root
dynamics as the primary cause of SAM after MV repair using
leaflet resection and rigid rings (independent to leaflet size).
This is supported by evidence from a large series of patients [17]
who underwent MV annuloplasty with major efforts to preserve
normal annular dynamics. Subjects did not receive leaflet
resection and were not given oversized rings, and as a result
demonstrated successful post-operative mitral dynamics. SAM is
normally prevented by the early systolic expansion of the aortic
root and the flattening of the aorto-mitral angle that displaces
the anterior mitral annulus upwards and backwards into the left
atrium. In addition, the ‘steepening of the saddle’ shape of the
annulus also moves the middle of the anterior leaflet up and out
of the LVOT [18].
Annular undersizing is also a risk factor for SAM as it pro-

motes bulging of the leaflet tissues. This may occur when an ex-
cessively small annuloplasty ring is inserted, or if a misjudged
posterior quadrangular resection makes too much of the annular
circumference redundant [4, 19]. Annuloplasty ring sizes should

Figure 1: Factors predisposing to SAM. LV: left ventricle; MV: mitral valve.
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CLINICAL PRACTICE GUIDELINE

Cardiogenic Shock Due to Myocardial Infarction: 
Diagnosis, Monitoring and Treatment
A German-Austrian S3 Guideline

Karl Werdan, Martin Ruß, Michael Buerke, Georg Delle-Karth, Alexander Geppert,  
Friedrich A. Schöndube 

SUMMARY
Introduction: Infarction-related cardiogenic shock (ICS) is usually due to left-
ventricular pump failure. With a mortality of 30% to 80%, ICS is the most 
 common cause of death from acute myocardial infarction. The S3 guideline 
presented here characterizes the current evidence-based treatment of ICS: 
early revascularization, treatment of shock, and intensive care treatment of 
multi-organ dysfunction syndrome (MODS) if it arises. The success or failure of 
treatment for MODS determines the outcome in ICS.

Methods: Experts from eight German and Austrian specialty societies analyzed 
approximately 3600 publications that had been retrieved by a systematic litera-
ture search. Three interdisciplinary consensus conferences were held, resulting 
in the issuing of 111 recommendations and algorithms for this S3 guideline.

Results: Early revascularization of the occluded vessel, usually with a percu -
taneous coronary intervention (PCI), is of paramount importance. The medical 
treatment of shock consists of dobutamine as the inotropic agent and norepi-
nephrine as the vasopressor of choice and is guided by a combination of pres -
sure and flow values, or by the cardiac power index. Levosimendan can be 
given in addition to treat catecholamine-resistant shock. For patients with ICS 
who are treated with PCI, the current S3 guideline differs from the European 
and American myocardial infarction guidelines with respect to the recommen-
dation for intra-aortic balloon pulsation (IABP): Whereas the former guidelines 
give a class I recommendation for IABP, this S3 guideline states only that IABP 
“can” be used in this situation, in view of the poor state of the evidence. Only 
for patients being treated with systemic fibrinolysis is IABP weakly recom-
mended (IABP “should” be used in such cases). With regard to the optimal in-
tensive-care interventions for the prevention and treatment of MODS, recom-
mendations are given concerning ventilation, nutrition, erythrocyte-concentrate 
transfusion, prevention of thrombosis and stress ulcers, follow-up care, and re-
habilitation. 

Discussion: The goal of this S3 guideline is to bring together the types of treat-
ment for ICS that lie in the disciplines of cardiology and intensive-care medi-
cine, as patients with ICS die not only of pump failure, but also (and even more 
frequently) of MODS. This is the first guideline that adequately emphasizes the 
significance of MODS as a determinant of the outcome of ICS. 

źCite this as: 
 Werdan K, Ruß M, Buerke M, Delle-Karth G, Geppert A, Schöndube FA: Cardio-
genic shock due to myocardial infarction: diagnosis, monitoring and treatment. 
A German-Austrian S3 guideline. Dtsch Arztebl Int 2012; 109(19): 343–51.  
DOI: 10.3238/arztebl.2012.0343

P rovided they reach hospital, patients with acute 
myocardial infarction have a more than 90% 

probability of surviving (1). If cardiogenic shock devel-
ops, however, whether initially or in the course of the 
infarction, only one in two survives (2). All the 
 progress made in the treatment of myocardial infarction 
seems to have ground to a halt before these 5% to 10% 
of heart attack patients: The publication of the most im-
portant evidence-based progress in treatment of pa-
tients with infarction-related cardiogenic shock 
(ICS)—the earliest possible reperfusion of the infarcted 
vessel by percutaneous coronary intervention (PCI)—is 
already more than 10 years old (3). 

One main cause of the high mortality among patients 
with ICS is the development of prolonged shock 
 leading to multiorgan dysfunction syndrome (MODS) 
(4). Consequently, ICS is not just a disease of the heart, 
but a disease of all the organs of the patient, who 
requires intensive care.

The current European (5) and American myocardial 
infarction guidelines focus their recommendations on 
“cardiological” treatment of the coronary arteries and 
the cardiovascular system; the “intensive care medi-
cine” treatment of MODS is little regarded. This deficit 
motivated German and Austrian cardiologists, intensiv-
ists, cardiac surgeons, anesthetists, and rehabilitation 
specialists, together with their professional associ-
ations, to develop an S3 guideline for “infarction-
 related cardiogenic shock”, under the auspices of the 
Association of Scientific Medical Societies in Germany 
(AWMF, Arbeitsgemeinschaft der Wissenschaftlichen 
Medizinischen Fachgesellschaften). The aim of this 
German-Austrian guideline, with its seven algorithms 
and 111 recommendations, is to provide an adequate 
picture of both the cardiological and the intensive care 
aspects of this syndrome, since the prognosis of pa-
tients with ICS depends not only on the impaired car-
diac function, but, much more, on the resulting impair-
ment of organ blood supply and microcirculation with 
consequent MODS.

The full version and the guideline report are avail-
able at www.leitlinien.net (in German).

Shortened print versions have so far appeared in the 
journals Intensivmedizin und Notfallmedizin, Intensiv- 
und Notfallbehandlung, and Kardiologe (6).
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right ventricular infarction—is necessary so that the 
coronary intervention may be carried out safely and 
 efficiently.

The superiority of the principle of earliest possible 
coronary revascularization has been evident since the 
SHOCK trial (3, 7). Early reperfusion of the coronary 
arteries is an important predictor of long-term 
 survival (2) (eTable 2); when this is achieved, 132 
lives can be saved for every 1000 shock patients 
treated (7).

PCI on the coronary infarct artery usually takes the 
form of stent implantation (Ĺ, E 14 in eTable 1) with in-
tensive use of platelet aggregation inhibitors. If inter-
ventional revascularization is unsuccessful, surgery 
should be carried out as rapidly as possible. If several 
significant coronary stenoses are present, decisions 
may in some cases have to be made about further inter-
ventional or surgical revascularization.

Resuscitated patients form a special subgroup, which 
may make up as much as 30% of all patients with ICS 
(8, 9). Early PCI should be considered in rapidly defi-
brillated patients (Ĺ, E 78 in eTable 1) and mild hypo-
thermia (32° to 34°C) induced for 12 to 24 hours (Ĺ, E 
79/80 in eTable 1). 

Persistent shock after revascularization
The goals of hemodynamic management if shock 
symptoms persist are blood pressure stabilization and 
ensuring adequate organ perfusion (Ĺ, E 32/33 in 
 eTable 1; Figure 2). To achieve this goal with adequate 
preloading and the least possible use of catechola-
mines, close invasive monitoring including repetitive 
invasive measurement of cardiac output (ĹĹ, E 12) is 
necessary (Figure 2). As to perfusion pressure, a mean 
arterial pressure between 65 and 75 mm Hg and cardiac 
index (cardiac output related to body surface area) of 
>2.5 L × min-1 × m-2 should be aimed at; as blood flow 
equivalents, a SVR of 800 to 1000 dyn × s × cm-5, a 
SvO2 >65%, or the cardiac power (product of cardiac 
output and mean arterial pressure as a measure of over-
all cardiac hydraulic performance) or cardiac power 
index (CP > 0.6 W or CPI > 0.4 W × m-2) (10–13) may 
be chosen instead of cardiac index (Figure 2).

Which vasopressor and which inotrope?
Norepinephrine is the vasopressor of choice in patients 
with MAP values below 65 mm Hg (Ĺ, Figure 2; E 34 
to E 38 in eTable 1). The MAP can usually be effec-
tively raised by intravenous infusion of 0.1 to 1 ȝg × 
kg-1 × min-1. In the SOAP II study of 1679 patients with 
shock of various etiologies (14), norepinephrine 
showed a tendency to lower mortality than dopamine 
(28-day mortality 45.9% vs. 50.2%; odds ratio [OR] 
1.19; confidence interval [CI] 0.98 to 1.44; p = 0.07) 
and significantly fewer arrhythmias (12.4% vs. 24.1%), 
especially atrial fibrillation. In the prospectively de-
fined subgroup of patients with cardiogenic shock, the 
norepinephrine treatment led to a significantly better 
survival rate than the dopamine treatment (OR 0.75; p 
= 0.03; [14]).

No

Hemodynamic shock therapy

MAP
>75 mm Hg 

MAP
<65 mm Hg 

SVR
>800 to 1000

dyn × s 
× cm-5 

CI >2.5 L × min-1 × m-2 

SVR
<800 to 1000

dyn × s 
× cm-5 

SVR=
800 to 1000

dyn × s × cm-5 

*1 *2

Regular re-evaluation 
of treatment goals; 

be particularly aware 
of renewed volume 
requirement after 

decrease in afterload 
(monitoring by 

echocardiography)

Target parameters of medical therapy:
MAP 65 to 75 mm Hg with SVR 800 to 1000 dyn × s × cm-5 or

MAP 65 to 75 mm Hg with CI >2.5 L × min-1 × m-2 or
MAP 65 to 75 mm Hg with SvO2 >65% or

CP >0.6 W (CPI >0.4 W/m2)*4

with in all cases minimal use of catecholamines, heart rate <110/min, 
and improvement in the clinical 

signs of cardiogenic shock

Hemodynamic monitoring CO/CI, MAP, CPI

MAP >65 and <75 mm Hg

Reduce 
norepinephrine, 

nitrates, 
sodium 

nitroprusside

Continue 
medication,

 measure CO

Levo-
simendan 

PDE 
inhibitor

No change 
to 

medication

Reduce 
norepinephrine, 

nitrates, 
sodium 

nitroprusside*3

Increase 
norepinephrine, 

possibly 
increase 

dobutamine

Yes

No

No Yes

FIGURE 2

Hemodynamic shock therapy: Hemodynamic shock therapy focuses on achieving 
 adequate organ perfusion using the minimum of catecholamines.
*1 Shock after revascularization;
*2 Treatment of MODS;
*3 In patients with raised SVR, norepinephrine treatment is always ended before treatment 

with nitrates or sodium nitroprusside is started. ÖKG and ÖGIAIM (see Box 1) prefer treat-
ment with nitroglycerine rather than sodium nitroprusside in patients with raised SVR, 
even though catecholamine treatment has been stopped.

*4 CP > 0.6 W corresponds to a cardiac output of 5 L/min with an MAP of 65 mm Hg and SVR 
of 880 dyn × s × cm-5
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Dobutamine is the inotrope of choice (Ĺ, Figure 2; 
E 34 to E 38 in eTable 1). In the dose range  of 2.5 to 10 
ȝg × kg-1 × min-1 there is a dose–effect relationship. In 
a multicenter cohort observation study of 1058 shock 
patients treated with catecholamines (15), application 
of dopamine was an independent risk factor for mortal-
ity, while application of dobutamine or norpinephrine 
was not. 

In ICS refractory to catecholamine treatment, current 
research results support the additional use of levosi-
mendan (loading dose 12 to 24 ȝg × kg-1 over 10 min-
utes, followed by 0.05 to 0.2 ȝg × kg-1 × min-1) more 
than that of phosphodiesterase III inhibitors such as 
 enoximone or milrinone (Ĺ, Figure 2; E 34 to E 38 in 
eTable 1) (16). Patients with coronary heart disease 
with decompensated heart failure who have previously 
been treated with beta-blockers will have more hemo -
dynamic benefit from a phosphodiesterase III inhibitor 
than from dobutamine (17).

Skepticism about intraortic balloon counterpulsation
Both the European and the American myocardial in-
farction guidelines regard the use of IABP as a class I 
recommendation. The favorable hemodynamic effect 
of IABP is ascribed to an increase in diastolic coronary 
perfusion with a simultaneous decrease in the afterload. 
In ICS patients, however, the hemodynamic effects of 
IABP are moderate (18): Although IABP can relieve 
the left ventricle—as is seen by lower BNP concen-
trations—the cardiac index is not significantly im-
proved in the first few days after the onset of shock. 
Even more importantly, neither MODS (measured as 
the APACHE II score), which determines the progno-
sis, nor the systemic inflammation (measured as the 
serum IL-6 concentration) is improved by the IABP 
treatment (18).

These sobering results of the randomized controlled 
IABP SHOCK trial (18) are confirmed by the negative 
results of a Cochrane analysis of six randomized 
studies of a total of 190 ICS patients (19) and a meta-
analysis of 10 529 ICS patients from nine cohort 
studies (20). The ICS patients treated with PCI (the 
 recommended standard therapy) derived no benefit 
from adjunctive IABP treatment; rather, they even 
showed an absolute increase in mortality of 6% (ARR 
+6%; RRR +15%) (20); only when used together with 
systemic fibrinolysis did adjunctive IABP lead to an 
18% reduction in mortality (ARR –18%; RRR –26%) 
(20). It is to be hoped that the currently ongoing pros-
pective multicenter IABP SHOCK II study (26) will 
elucidate whether the adjunctive use of IABP in PCI-
treated ICS patients can reduce mortality. Even weaker 
is a “may” recommendation in selected cases for the 
use of mechanical cardiac support systems, which, 
principally in animal experiments, have proved able to 
improve hemodynamics, reduce wall tension, and im-
prove coronary flow reserve. However, large clinical 
user studies are currently under way and are expected 
to produce greater clarity on this point in the near future 
(21).

For this reason, the German–Austrian S3 guideline 
gives (E 44 to E 47 in eTable 1) only a weak recom-
mendation (Ĺ, E 44) for the use of IABP in ICS patients 
treated with systemic fibrinolysis, and only “may” 
 information for patients treated with PCI (ļ, E 45).

Ventilation
Mechanical ventilation of an ICS patient ensures 
oxygenation and relieves the heart of the work of 
breathing. In contrast to the recommendation for non -
invasive ventilation in patients with decompensated 
heart failure, in patients with ICS invasive ventilation 
should be preferred (Ĺ, eFigure; E 86 in eTable 1). The 
reasons for this are the constant, stable ventilation 
 conditions provided by invasive ventilation and the 
avoidance of psychomotor excitement that would ex-
haust the patient. Although hemodynamic stability is 
the main focus initially, the advantages of lung-
 protective ventilation should be made use of at the ear-
liest possible moment (Ĺ, E 88 in eTable 1), although 
the available data in this regard, especially in ICS 
 patients, are very sparse (22). The depth of analgesia/
sedation should be recorded three times a day using the 
Richmond Agitation–Sedation scale (Ĺ, E 93 in eTable 
1). Weaning, which is often difficult in ICS patients, 
should follow a weaning protocol (Ĺ, E 94 in eTable 1), 
and before weaning starts, the following conditions 
should be fulfilled: hemodynamic stability, absence of 
myocardial ischemia, and absence or regression of in-
flammation or infection.

Intensive care
The initially favorable results of continuous 
 intravenous insulin therapy with the aim of achieving 
normoglycemia in intensive care patients were not 
 confirmed in later studies such as the NICE-SUGAR 

BOX 3

What is new in comparison to the 
 established guidelines?
Ɣ Pressure monitoring is not enough for hemodynamic 

treatment after revascularisation! Additional cardiac 
 output monitoring is mandatory.

Ɣ Dobutamine is the inotropic agent of choice; norepi-
nephrine is the vasopressor of choice; levosimendan 
can be used in addition in patients with catecholamine-
refractory shock.

Ɣ Even in resuscitated patients, earliest possible PCI 
should be considered on a case by case basis.

Ɣ Intra-aortic balloon counterpulsation (IABP) has been 
“down-graded.”

Ɣ If ventilation is needed, it should be invasive and 
 lung-protective.

348 Deutsches Ärzteblatt International | Dtsch Arztebl Int 2012; 109(19): 343–51
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Intra-aortic balloon counterpulsation in acute myocardial 
infarction complicated by cardiogenic shock (IABP-SHOCK II): 
fi nal 12 month results of a randomised, open-label trial
Holger Thiele, Uwe Zeymer, Franz-Josef Neumann, Miroslaw Ferenc, Hans-Georg Olbrich, Jörg Hausleiter, Antoinette de Waha, Gert Richardt, 
Marcus Hennersdorf, Klaus Empen, Georg Fuernau, Steff en Desch, Ingo Eitel, Rainer Hambrecht, Bernward Lauer, Michael Böhm, Henning Ebelt, 
Steff en Schneider, Karl Werdan*, Gerhard Schuler*, on behalf of the Intraaortic Balloon Pump in cardiogenic shock II (IABP-SHOCK II) trial investigators†

Summary
Background In current international guidelines the recommendation for intra-aortic balloon pump (IABP) use has 
been downgraded in cardiogenic shock complicating acute myocardial infarction on the basis of registry data. In the 
largest randomised trial (IABP-SHOCK II), IABP support did not reduce 30 day mortality compared with control. 
However, previous trials in cardiogenic shock showed a mortality benefi t only at extended follow-up. The present 
analysis therefore reports 6 and 12 month results.

Methods The IABP-SHOCK II trial was a randomised, open-label, multicentre trial. Patients with cardiogenic shock 
complicating acute myocardial infarction who were undergoing early revascularisation and optimum medical therapy 
were randomly assigned (1:1) to IABP versus control via a central web-based system. The primary effi  cacy endpoint 
was 30 day all-cause mortality, but 6 and 12 month follow-up was done in addition to quality-of-life assessment for all 
survivors with the Euroqol-5D questionnaire. A masked central committee adjudicated clinical outcomes. Patients 
and investigators were not masked to treatment allocation. Analysis was by intention to treat. This trial is registered 
at ClinicalTrials.gov, NCT00491036.

Findings Between June 16, 2009, and March 3, 2012, 600 patients were assigned to IABP (n=301) or control (n=299). Of 
595 patients completing 12 month follow-up, 155 (52%) of 299 patients in the IABP group and 152 (51%) of 296 patients 
in the control group had died (relative risk [RR] 1·01, 95% CI 0·86–1·18, p=0·91). There were no signifi cant diff erences 
in reinfarction (RR 2·60, 95% CI 0·95–7·10, p=0·05), recurrent revascularisation (0·91, 0·58–1·41, p=0·77), or stroke 
(1·50, 0·25–8·84, p=1·00). For survivors, quality-of-life measures including mobility, self-care, usual activities, pain or 
discomfort, and anxiety or depression did not diff er signifi cantly between study groups.

Interpretation In patients undergoing early revas cularisation for myocardial infarction complicated by cardiogenic 
shock, IABP did not reduce 12 month all-cause mortality.

Funding German Research Foundation; German Heart Research Foundation; German Cardiac Society; 
Arbeitsgemeinschaft Leitende Kardiologische Krankenhausärzte; University of Leipzig—Heart Centre; Maquet 
Cardiopulmonary; Telefl ex Medical.

Introduction
Despite advances in treatment, mainly by early re-
vascularisation, mortality in acute myocardial infarction 
complicated by cardiogenic shock remains high.1–4 Intra-
aortic balloon pump (IABP) counter pulsation has been 
the most widely used mechanical haemodynamic support 
device for nearly fi ve decades.5 It improves diastolic blood 
pressure, thereby improving coronary perfusion, and by 
its afterload reduction properties myocardial oxygen 
consumption is reduced leading to an increase in cardiac 
output.6 However, on the basis of insuffi  cient and con-
fl icting evidence derived only from registry data,7 
American and European guidelines recently downgraded 
IABP use for cardiogenic shock from a class I to a class IIa 
and IIb recom mendation.8–10

Currently, only one suffi  ciently large randomised trial 
of intra-aortic counterpulsation in cardiogenic shock 
secondary to myocardial infarction (IABP-SHOCK II 

trial) has been done. Short-term follow-up data at 
30 days from this trial showed no survival benefi t with 
IABP support by comparison with control.11 However, 
long-term follow-up is necessary, especially since a 
previous trial in cardiogenic shock examining early 
revascularisation with no diff erence after 30 days 
showed a signifi cant mortality benefi t at extended 
follow-up.3,12,13 Therefore, the IABP-SHOCK II trial had 
prespecifi ed intermediate 6 and 12 month follow-up for 
clinical outcome and quality of life.

Methods
Study design
The trial design of the prospective, randomised, open-
label, controlled IABP-SHOCK II trial at 37 German 
centres, and the 30 day results including the primary 
endpoint, have been previously published.11,14 The 
study was investigator-initiated and coordinated by 
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assignment and subgroup factors. A two-tailed p<0·05 
was regarded as signifi cant. Statistical analyses were done 
with SAS statistical package (version 9.3).

This trial is registered at ClinicalTrials.gov, 
NCT00491036.

Role of the funding source
This investigator-initiated trial was designed by the 
principal investigator and modifi ed and approved by the 
steering committee.14 The funding sources had no 
involvement in the study design, data interpretation, 

drafting of the report, and the fi nal decision to publish, 
as reported previously.14 Data were maintained at the 
coordinating research organisation, the Institut für 
Herzinfarktforschung, which independently undertook 
all statistical analyses. The principal investigator and the 
steering committee had unrestricted data access after 
database closure; the principal investigator prepared the 
fi rst draft of the report, and controlled the decision to 
publish. The steering committee vouches for the integrity 
and completeness of the data and the statistician for the 
accuracy of data analysis.
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Figure 2: Time-to-event curves for all-cause mortality up to 12 months
Event rates represent Kaplan-Meier estimates. Two patients in the IABP group died at days 388 and 419 postrandomisation, which is represented in the Kaplan-Meier 
curves. IABP=intra-aortic balloon pump.

p  value for
interaction

12 month mortality, n (%)

IABPn Control
Relative risk 
(95% CI)

Female
Male
Age <50 years
Age 50–75 years
Age >75 years
Diabetes
No diabetes
History of hypertension
No history of hypertension
STEMI/LBBB
NSTEMI
Anterior STEMI
Non-anterior STEMI
Previous infarction
No previous infarction
Hypothermia
No hypothermia
Blood pressure <80 mm Hg
Blood pressure ≥80 mm Hg

186
409

70
332
193
195
396
410
180
414
181
216
198
131
463
223
372
168
427

 57 (57·6%)
 98 (49·0%)
 9 (25·0%)
 75 (48·4%)
 71 (65·7%)
 57 (54·3%)
 95 (50·0%)
 122 (57·6%)
 29 (35·4%)
 102 (50·5%)
 53 (54·6%)
 53 (47·0%)
 49 (55·1%)
 44 (62·0%)
 111 (49·0%)
 55 (53·0%)
 100 (51·3%)
 47 (58·0%)
 108 (49·5%)

 48 (55·2%)
 104 (49·8%)
 16 (47·1%)
 79 (44·6%)
 57 (67·1%)
 53 (59·0%)
 99 (48·1%)
 102 (51·5%)
 50 (51·0%)
 106 (50·0%)
 46 (54·8%)
 52 (50·5%)
 54 (49·5%)
 31 (51·7%)
 121 (51·3%)
 67 (56·3%)
 85 (48·0%)
 48 (55·2%)
 104 (49·8%)

1·06 (0·76–1·47)
1·00 (0·81–1·20)
0·71 (0·49–1·02)
1·07 (0·88–1·31)
0·96 (0·64–1·43)
0·90 (0·65–1·24)
1·04 (0·86–1·26)
1·14 (0·92–1·41)
0·76 (0·59–0·98)
1·01 (0·83–1·23)
1·00 (0·72–1·37)
0·93 (0·72–1·21)
1·12 (0·84–1·51)
1·27 (0·86–1·89)
0·95 (0·79–1·14)
0·93 (0·70–1·24)
1·10 (0·87–1·31)
1·07 (0·76–1·51)
1·00 (0·82–1·20)

Favours IABP Favours control

1 1·5 20·50 2·5

0·72

0·13

0·45

0·02

0·94

0·36

0·20

0·43

0·73

Figure 3: Subgroup analyses for all patients with 12 month follow-up
Relative risk and 95% CIs for predefi ned subgroups and the post-hoc subgroups hypothermia versus no hypothermia and baseline systolic blood pressure less than 
80 mm Hg versus 80 mm Hg or higher. STEMI=ST-elevation myocardial infarction. LBBB=left bundle branch block. NSTEMI=non-ST-elevation myocardial infarction. 
IABP=intra-aortic balloon pump.
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involvement in the study design, data interpretation, 

drafting of the report, and the fi nal decision to publish, 
as reported previously.14 Data were maintained at the 
coordinating research organisation, the Institut für 
Herzinfarktforschung, which independently undertook 
all statistical analyses. The principal investigator and the 
steering committee had unrestricted data access after 
database closure; the principal investigator prepared the 
fi rst draft of the report, and controlled the decision to 
publish. The steering committee vouches for the integrity 
and completeness of the data and the statistician for the 
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cardiomyopathy: a systematic review
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Aims To clarify the major features of the apical ballooning syndrome, we performed a systematic review
of the existing literature.
Methods and results Review of all relevant case series using the MEDLINE and EMBASE databases
resulted in the identification of 14 studies. These studies suggest that the apical ballooning syndrome
accounts for !2.0% of ST-segment elevation infarcts, with most cases described in post-menopausal
women. The most common clinical presentations are chest pain and dyspnoea, reported in 67.8 and
17.8% of the patients, respectively. Cardiogenic shock (4.2% of the patients) and ventricular fibrillation
(1.5%) were not infrequent. ST-segment elevation was reported in 81.6% of the patients, Twave abnorm-
alities in 64.3%, and Q waves in 31.8%. Cardiac biomarkers were usually mildly elevated, as reported
in 86.2% of the patients. Typically, patients had left ventricular (LV) dysfunction on admission, with
mean ejection fraction ranging from 20 to 49%. However, over a period of days to weeks, all patients
experienced dramatic improvement in LV function. The onset of symptoms was often preceded by
emotional (26.8%) or physical stress (37.8%). Norepinephrine concentration was elevated in 74.3%
of the patients. Prognosis was generally excellent, with full recovery in most patients. In-hospital
mortality was 1.1%. Only 3.5% of the patients experienced a recurrence.
Conculsion Clinicians should consider this syndrome in the differential diagnosis of patients presenting
with chest pain, especially in post-menopausal women with a recent history of emotional or physical
stress.

KEYWORDS
Left ventricular apical
ballooning syndrome;

Acute coronary syndrome;
Takotsubo cardiomyopathy;
Left ventricular dysfunction

Introduction

Transient left ventricular (LV) apical ballooning syndrome is
a cardiac syndrome characterized by transient LV dysfunc-
tion, electrocardiographic changes that can mimic acute
myocardial infarction (MI), and minimal release of myocar-
dial enzymes in the absence of obstructive coronary artery
disease (CAD).1 This syndrome was first described in 1991
in Japan and named takotsubo-like LV dysfunction in refer-
ence to the associated LV morphological features.1

Takotsubo is a pot with a round bottom and narrow neck
used for trapping octopuses in Japan. More recently, the
condition has been called transient LV apical ballooning syn-
drome or ampulla cardiomyopathy in relation to the balloon-
like wall-motion abnormalities involving the LV apex.2 Since
1991, several case reports and small series have described
the affected patients in Japan.1–4 More recently, case
series have been reported in Caucasian populations in
Europe and North America.5

Owing to its clinical and imaging characteristics, this syn-
drome is frequently misdiagnosed as an acute coronary syn-
drome (ACS) related to occlusive epicardial CAD. However,
coronary angiography is frequently normal or reveals only
mild abnormalities, and typically, patients do not have
obstructive coronary lesions (.50% luminal stenosis).
Moreover, despite the frequently dramatic clinical presen-
tation, almost all patients recover fully and the LV systolic
function, heavily compromised at presentation, improves
rapidly in a period of days to weeks.
Several pathophysiological mechanisms have been pro-

posed to explain the unusual features of this syndrome,
such as multivessel coronary vasospasm, abnormalities in
coronary microvascular function, and catecholamine-
mediated cardiotoxicity. However, the precise aetiology
and pathophysiology of this syndrome remain unknown.
The information concerning the transient LV apical

ballooning syndrome is limited and based mainly on the
case reports and case series, frequently comprising few
patients. Furthermore, most studies are retrospective and
only few have followed patients after hospital discharge.
Therefore, to further clarify the prevalence, clinical char-

acteristics, natural history, prognosis, and pathophysiology of
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a  b  s  t  r  a  c  t

Since  Dr Sato  at Hiroshima  City  Hospital  first  recognized  and reported  the  concept  of  tako-tsubo
cardiomyopathy  in  1990,  this  disorder  has  become  accepted  worldwide  as  a distinct  clinical  entity.  Tako-
tsubo cardiomyopathy  is an  important  disorder  as  a differential  diagnosis  of  acute  myocardial  infarction.
This disorder  usually  occurs  in  postmenopausal  women  of  an  advanced  age,  and  is characterized  by
transient  left ventricular  apical  wall  motion  abnormalities  associated  with  emotional  or  physical  stress.
Typically,  left ventricular  apical  wall  motion  abnormalities  are  transient  and resolve  during  a  period
of days  to weeks.  The  prognosis  is generally  favorable.  However,  several  acute  complications  have  been
reported such  as  congestive  heart  failure,  cardiac  rupture,  hypotension,  left  ventricular  apical  thrombosis,
or Torsade  de Pointes.  Several  possible  mechanisms  such  as  multivessel  coronary  artery  spasm,  coro-
nary microvascular  dysfunction,  myocarditis,  or  catecholamine  toxicity  have  been  proposed  to  explain
tako-tsubo  cardiomyopathy,  but  its  pathophysiology  is  not  well  understood.

©  2012  Japanese  College  of  Cardiology.  Published  by  Elsevier  Ltd.  All rights  reserved.
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Introduction

A novel cardiac syndrome exhibiting transient left ventricu-
lar apical wall motion abnormalities associated with emotional or
physical stress has become accepted worldwide as a distinct clin-
ical entity. This disorder has been widely called the tako-tsubo
cardiomyopathy [1–4]. Tako-tsubo is a pot with a round bottom
and narrow neck used for trapping octopuses in Japan (Fig. 1),
which resembles the left ventriculogram during systole in these

∗ Corresponding author at: 1-2-3, Kasumi-cho, Minami-ku, Hiroshima 734-8551,
Japan. Tel.: +81 82 257 5540; fax: +81 82 257 1569.

E-mail address: skurisu@nifty.com (S. Kurisu).

patients. More recently, this disorder has been called by various
names based on its most important inciting factor or its angiog-
raphic image: stress-related cardiomyopathy [5] or transient left
ventricular apical ballooning syndrome [6,7]. In 2006, the American
Heart Association incorporated this disorder into the classification
of cardiomyopathies as an acquired cardiomyopathy [8]. In this
review, we  will summarize the current knowledge on tako-tsubo
cardiomyopathy including clinical features and potential patho-
physiological mechanisms.

History of tako-tsubo cardiomyopathy

Even before 1990, several reports had shown acute and
reversible left ventricular apical wall motion abnormalities after

0914-5087/$ – see front matter © 2012 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.jjcc.2012.06.015



sequent hypotension could
nevertheless be caused by increasing
gradients across the LVOT. Regardless
of coronary anatomy and intervention,
repeat echocardiography to exclude
LVOTO should be considered if an
ejection murmur is detected with he-
modynamic compromise (Figure 3).

Management of LVOTO
Management depends on early identi-
fication of the various issues (Table)
and must be individualized on the ba-
sis of these factors, prevailing hemo-

dynamics, and coexisting circum-
stances. Intravenous fluids would
benefit by increased intravascular vol-
ume and LV volumes, thereby reduc-
ing the mitral SAM. Coronary revas-
cularization would improve
contractility of apical segments and
reduce the basal hypercontractility. If
LVOTO is not suspected, inotropes
could be easily escalated and further
decompensation attributed to STEMI-
related LV dysfunction. Even in the
absence of significant coronary le-
sions, this could elevate wall stress in
the subendocardium enough to cause
leakage of cardiac biomarkers that
suggest MI. An intra-aortic balloon
pump could induce or worsen LVOTO
by reducing afterload.9 Phenylephrine
may selectively improve vascular tone
and reduce LVOTO.10

Use of !-blockers would benefit
LVOTO gradients by reducing basal
hypercontractility, increasing LV fill-
ing and size, and reducing heart rate.
Nondihydropyridine calcium channel
blockers may be used if !-blockers are
contraindicated. Targeting heart rate
below 60 to 70 bpm should ensure
adequate cardiac inhibition and reduc-
tion of LVOTO. MR often improves
with reduction of SAM and LVOTO.

Conclusions and Summary
Clinical suspicion, early recognition,
and appropriate management of

LVOTO, along with the independent
addressing of STEMI, would signifi-
cantly improve the outcome in this
critically ill patient subset. In our pa-
tient, we showed that withdrawing ino-
tropes and initiating intravenous
!-blockers improved hypotension and
reduced the LVOTO gradient within
minutes. An echocardiogram 3 months
after her hospitalization showed nor-
mal cardiac function, ejection fraction
over 60%, and no mitral valve
abnormality.
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Outline of LVOTO Precipitating Factors
and Interventions

LVOTO Precipitating
Factors Suggested Interventions

Basal
hypercontractility

!-Blockers;
nondihydropyridine
calcium blockers

Apical dysfunction Urgent revascularization

● Percutaneous coronary
intervention

● Thrombolysis

Hypotension Intravenous fluids;
phenylephrine

Mitral valve SAM Avoid/discontinue

● Inotropes

● Intra-aortic balloon
pump

● Nitrates

● Diuretics
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SAM	
  

result from various clinical settings
such as LV hypertrophy (hyperten-
sion or sigmoid septum), reduced LV
chamber size (dehydration, bleeding,
or diuresis), mitral valve abnormali-
ties (redundant, long anterior leaflet),
and hypercontractility (stress, anxi-
ety, or inotropic agents such as do-
butamine; Figure 2).

Assessment of LVOTO
Clinical examination consistent with
subaortic stenosis should be sought in
all subjects who present with hemody-
namic instability and possible STEMI.

Bisferiens pulse may not be evident if
the patient is hypotensive, and the apex
may be silent. MR features may pre-
dominate, but a sustained apical heave
and a separate ejection murmur, best
heard in the left third intercostal space,
should create suspicion of LVOTO.

Inotropes are known to induce tran-
sient SAM and LVOTO in approxi-
mately 17% to 21% of otherwise
healthy people.5,6 Transient LV apical
ballooning may account for 1% to 2%
of all STEMI cases and up to 12% of
anterior STEMI in women.7,8 Systolic
murmur, SAM, and even gradients

across the LVOT could be related to
true STEMI or transient LV apical
ballooning or could be an inotrope-
related benign finding.

Shock in the STEMI setting, there-
fore, cannot be automatically attrib-
uted to LVOTO in all instances in
which echocardiography detects SAM.
M-mode studies may help estimate the
duration and severity of SAM. Color
aliasing–guided pulse Doppler interro-
gation, from the apical 5-chamber
view, may help select the LVOT jet
from MR contamination. Because
these findings can be transient, timing
of the echocardiogram is critical. Hy-
potension should correlate to the se-
verity of LVOTO gradients to attribute
instability to SAM. Ideally, an experi-
enced echocardiographer should note
the prevailing hemodynamics and
murmur at the time of imaging. Basal
hypercontractility, regional dysfunc-
tion correlating with coronary terri-
tory, and apical ballooning should be
assessed. MR direction and severity
and structural abnormalities of the mi-
tral apparatus also need to be quanti-
fied. Echocardiography provides an
ideal tool for noninvasive, urgent, and
definitive diagnosis of most compo-
nents at the bedside. Early catheteriza-
tion remains the method of choice to
address the possibility of STEMI. The
final proof for the role of SAM in this
setting will be in the relief of hypoten-
sion by the reduction of LVOTO.

STEMI With Shock, or Is
It LVOTO?
Along with acute MR, ventricular sep-
tal defect, and free-wall rupture, we
propose that dynamic LVOTO be in-
cluded in the differential diagnosis of
STEMI and cardiogenic shock. If a
murmur is noted to be suggestive of
LVOTO, an echocardiogram should be
performed at the earliest possible time.
However, catheterization may be the
initial study used to avoid delays in
early diagnosis and relief of coronary
occlusions. If catheterization reveals
no significant coronary lesions, assess-
ment of left ventriculography and cath-
eter pullback gradients may help. Sub-

Figure 1. Apical 4-chamber view showing SAM of anterior mitral leaflet. LA indicates
left atrium.

Apical contractility/
Transient ballooning Adrenergic drive

Sub-endocardial wall
stress & ischemia

CO
± Hypotension

Compensatory basal
hypercontractility

Dynamic
LVOTO

Hypotension &
Adrenergic drive

Any Illness with
diarrhea,

dehydration, Sepsis

ACS with mid &
distal LV

dysfunction

Mitral
regurgitation

Afterload

ECG & clinical
carcinogenic

shock

Inotropes-
dopamine,
dobutamine

Figure 2. Pathogenesis of LVOTO. ACS indicates acute coronary syndrome; CO,
cardiac output.
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