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How can we prevent and treat cardiogenic shock in patients who
present to non-tertiary hospitals with myocardial infarction?
A systematic review
Enda O’Connor and John F Fraser

C

ardiogenic shock (CS) is a common
complication of acute myocardial
infarction (AMI), occurring in 5%–
10% of patients with an ST-segment-elevation myocardial infarction (STEMI).1 Up to
half of patients admitted to hospital with CS
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in survival among patients with CS
since Systematic
the 1980s3,4
— a pattern paralleled by
Review
the increased use of emergency coronary
revascularisation.4 In the United States, survival benefits have been realised in tertiary
hospitals, but survival in regional or community hospitals remains poor.5 A similar
reduction in overall mortality from CS has
been apparent in Australia during the 10
years 1995–2004 (unpublished data from
the Australian and New Zealand Intensive
Care Society database).
Despite evidence that percutaneous coronary intervention (PCI) outperforms thrombolysis as a means of reperfusion after AMI,6
non-tertiary centres still play an important
role in managing acute coronary syndromes.7,8 This role is likely to be emphasised in countries with a low-density population and dispersed PCI facilities, such as
Australia. Further, despite evidence that noninterventional management of CS worsens
prognosis,9,10 patients with CS frequently
present to regional hospitals. Indeed, 69% of
patients with CS admitted to the intensive
care unit of our tertiary cardiothoracic hospital between 2000 and 2007 were referred
from non-tertiary centres (unpublished data).
Attempts to improve survival from CS
should be directed at both tertiary and
regional hospitals, but the potential yield
may be greater by improving care in regional
centres where survival has shown the least
improvement during the past two decades.
Therefore, we performed a literature review
to ascertain the role of a range of interventions in the treatment and/or management
of adult patients with CS in hospitals without invasive cardiac facilities. These interventions were: inhospital thrombolysis
(IHT); prehospital thrombolysis (PHT);
transfer for emergency revascularisation
(ERV); intra-aortic balloon pump (IABP);
and glycoprotein (GP) IIb/IIIa inhibitors.
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ABSTRACT
Objective: To evaluate current evidence in support of therapies for preventing and
treating cardiogenic shock (CS) after acute myocardial infarction that can be initiated
in hospitals without invasive cardiac facilities.
Study design: Systematic review.
Data sources: MEDLINE and PubMed were searched from January 1985 to May 2008
using the MeSH terms “myocardial infarction”, “thrombolytic therapy”, “shock,
cardiogenic”, “angioplasty, transluminal, percutaneous coronary”, “intra-aortic balloon
pumping” and “platelet aggregation inhibitors”. Additional keyword and reference list
searches were performed. Articles in English relating to adults were included.
Study selection: Meta-analyses and comparative studies were included if they
reported mortality or prevention of CS as an endpoint. In total, 35 articles were analysed
(four meta-analyses, eight randomised controlled trials and 23 cohort studies).
Data extraction: Studies were summarised by the first author and the level of evidence
graded. Each study was checked by the second author and consensus was reached
about inclusion and levels of evidence.
Data synthesis: In the management and prevention of CS, the following are supported
by high-level evidence: prehospital thrombolysis, transfer for emergency revascularisation
(patients aged < 75 years) and thrombolysis for older patients (patients aged ≥ 75 years). In
established CS, evidence supporting inhospital thrombolysis and intra-aortic balloon
pump use in patients aged < 75 years and emergency revascularisation in older patients is
limited to subgroup analyses and observational studies.
Conclusions: In regional centres, prevention of CS is achieved with early fibrinolysis,
preferably before hospital arrival. Patients of all ages should be considered for
thrombolysis, early transfer for coronary revascularisation, and intra-aortic balloon
pump insertion unless contraindicated. Glycoprotein inhibitors have no role in the
management of CS in non-tertiary hospitals.
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METHODS
We searched MEDLINE and PubMed databases from January 1985 to May 2008. We
used the MeSH terms “myocardial infarction”, “thrombolytic therapy”, “shock, cardiogenic”, “angioplasty, transluminal,
percutaneous coronary”, “intra-aortic balloon pumping” and “platelet aggregation
inhibitors”. For each MeSH term, the
search was restricted to major topic headings only. We performed an additional keyw ord search us i ng th e term s
“thrombolysis”, “prehospital”, “GP IIb/IIIa”,
“intra-aortic balloon counterpulsation”,
“coronary angioplasty”, “acute myocardial
infarction” and “cardiogenic shock”.
The search was limited to articles published in English, relating to human adults
(aged over 19 years). Reference lists in
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recent studies, guidelines or reviews were
searched for additional original references.
Articles relating to the treatment of established CS were included if they contained a
control group (cohort or randomised) and
quoted mortality as an endpoint. Articles
relating to the prevention of CS were
included if they had a control group and
quoted incidence of CS as an endpoint.
Studies were reviewed by the first author
(E O) and checked by the second author
(JF F) and consensus was reached about
inclusion and levels of evidence.
We summarised relevant studies and
graded their evidence according to National
Health and Medical Research Council
(NHMRC) guidelines.11 Results were tabulated and presented as forest plots. Odds
ratios of death were calculated using the
Mantel–Haenszel method.
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RESULTS

Summary and levels of evidence

One-hundred and 15 articles were identified for possible inclusion, from which 35
were selected for detailed review. These
included four meta-analyses,12-15 eight randomised controlled trials2,16-22 and 23
cohort studies.23-45

• Patients with AMI who satisfy clinical and
electrocardiographic criteria should receive
thrombolysis (level I).
• Current evidence favours the use of IHT
in the management of eligible patients with
STEMI and systolic blood pressure of over
100 mmHg (level I) and patients with STEMI
and CS (level III-2).

Should patients with STEMI and
established CS receive IHT?
After STEMI, 71%–89% of patients who
develop CS do so after being admitted to
hospital.4,23,24 Therefore, in the absence of
onsite revascularisation facilities, these
patients should receive IHT based on their
clinical presentation and electrocardiogram
changes.8 IHT reduces the incidence of CS
complicating AMI, an effect which may
favour use of tissue-specific thrombolytic
agents.46,47
The use of IHT in patients with STEMI and
established CS is more controversial. Large
multicentre randomised controlled trials of
thrombolysis have either had few patients
with CS at baseline48,49 or did not consistently report the incidence of baseline
CS.24,47,50-52
A retrospective cohort study evaluated IHT
and IABP in patients with STEMI and CS
enrolled in the SHOCK (SHould we emergently revascularize Occluded Coronaries for
cardiogenic shocK) trial and registry.25
Patients who were treated with IHT had
lower inhospital mortality than those who
were not (54% v 64%; P = 0.005; odds ratio
[OR], 0.66). Baseline characteristics were
poorly matched between groups.
In a subsequent analysis of the SHOCK
trial,26 patients assigned to medical therapy
who received thrombolysis had a higher 12month survival rate than those without
thrombolysis (64% v 37%; mortality hazard
ratio, 0.59; P = 0.01).
In a trial of indications for fibrinolytic
therapy in suspected AMI, pooled data from
nine randomised controlled trials with
58 600 patients were used to evaluate thrombolysis in patients with AMI.12 When patients
were stratified according to presenting systolic blood pressure, mortality was highest in
those with systolic blood pressure of over
100 mmHg (2445 patients). Thrombolysis in
this group improved 35-day survival from
64.9% to 71.1% (P < 0.001). However, the
control group mortality of 35.1% is better
than would be expected for CS, and suggests
that these patients may not all have had an
accurate diagnosis of CS.

What is the role of PHT in
preventing CS?
One meta-analysis,13 three randomised controlled trials16-18 and three cohort studies27-29
were included. In non-tertiary hospitals, PHT
may be most suitable as a substitute for IHT,
and multiple studies have evaluated its role in
this setting. A meta-analysis of six randomised trials including 6434 patients with
STEMI that compared PHT and IHT reported
a significantly reduced all-cause mortality
with PHT use (OR, 0.83; 95% CI, 0.70–
0.98). Median time from symptom onset to
PHT or IHT was 104 minutes and 162
minutes, respectively.13 The incidence of CS
was not significantly reduced with PHT, but
only two studies in the meta-analysis
reported this secondary outcome.16,17 Since
then, three further studies have shown a
mortality benefit and a significant reduction
in CS with PHT compared with IHT.27-29
In the CAPTIM (Comparaison de l’Angioplastie Primaire et de la Thrombolyse préhospitalière à la phase aiguë de l’Infarctus du
Myocarde) trial (the only randomised controlled trial of PCI versus PHT),18 840 patients
were randomly assigned to PHT with alteplase
or to immediate coronary angiography and
revascularisation, as indicated. The composite
primary endpoint of 30-day death, non-fatal
reinfarction and non-disabling stroke
occurred in 8.2% of the PHT group and 6.2%
of the PCI group (P = 0.29). PHT significantly
reduced the risk of CS on arrival at hospital.
On further analysis, both 30-day mortality
and CS were reduced in patients given PHT
within 2 hours of symptom onset.53 Finally, a
recent prospective cohort study of PHT versus
IHT reported a significant reduction in CS
following STEMI in patients treated with PHT
(6.8% v 11.5%; P < 0.001).28
Summary and levels of evidence

• After STEMI, PHT is more effective than
IHT in reducing all-cause mortality (level I)
and is not inferior to PCI (level II).
• PHT consistently reduces the time to drug
administration in patients with STEMI (level I).
• PHT reduces the incidence of CS after
STEMI (level III-2).
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• PHT administered within 2 hours of
symptom onset may reduce mortality and CS
after STEMI, compared with PCI (level III-2).
Should all patients with CS be
considered for transfer for ERV?
Two randomised controlled trials2,19 and six
cohort studies23,24,30-33 evaluated ERV in the
management of CS. These studies are summarised in Box 1. The use of ERV significantly reduced mortality from CS relative to
medical therapy (pooled OR, 0.34; 95% CI,
0.30–0.39).
In the landmark SHOCK trial,2 302
patients with STEMI and CS were randomly
assigned to receive ERV (PCI or coronary
artery bypass grafting) or medical therapy.
ERV conferred a mortality benefit at 6
months, 1 year and 6 years. The significance
of this study is its relevance to practices in
non-tertiary hospitals. Fifty-five per cent of
patients in the intervention group were transferred from other hospitals to receive revascularisation. The (S)MASH ([Swiss] Multicenter
trial of Angioplasty for SHock) trial,19 a study
of invasive versus medical therapy for CS,
was terminated because of problems with
patient recruitment. Of those randomly
assigned, patients treated invasively had a
non-significant reduction in resolution of CS
and 30-day mortality.
Summary and levels of evidence

• All patients presenting to non-tertiary
hospitals with STEMI and CS should be
considered for transfer to a tertiary cardiac
hospital for ERV (level II).
Should all patients be considered for
an IABP before transfer to a tertiary
centre?
The IABP uses timed balloon inflation and
deflation in the upper descending aorta to
augment coronary perfusion during diastole,
and to reduce myocardial oxygen demand
during systole. We reviewed one randomised
controlled trial 2 0 and seven cohort
studies25,34-39 of IABP use in CS. The results
of these studies are summarised in Box 2. The
addition of IABP therapy to the management
of CS significantly reduced the risk of death
(OR, 0.49; 95% CI, 0.45–0.53).
The Thrombolysis And Counterpulsation
To Improve Cardiogenic Shock survival
(TACTICS) trial enrolled patients with
STEMI and CS who presented to a nontertiary hospital.20 After thrombolysis,
patients were randomly assigned to 48
hours of IABP or standard therapy. Although
there was no difference in mortality in all
441
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1 Comparison of emergency revascularisation (ERV) with medical therapy in
published studies of patients with ST-segment-elevation myocardial infarction
and cardiogenic shock

Primary
endpoint
(mortality)

Mortality at
primary endpoint

Study

Year

No. of
patients

Kunadian et al33

2007

124

1-year

49%

71%

0.01†

SHOCK54*
Tayara et al

ERV

Medical
therapy

P

2006

302

6-year

67.2%

80.4%

0.03†

31

2006

138

5-year

70%

93.8%

0.003†

30

2004

87

6-month

50%

93%

0.005†

2002

583

Inhospital

45%

74%

< 0.001†

2000

1122

Inhospital

32%

68%

0.001†
0.11

Doven et al
GRACE23

Edep and Brown
2

32

SHOCK *

1999

302

30-day

46.7%

56%

(S)MASH19*

1999

55

30-day

69%

73%

GUSTO-I24

1997

2200

30-day

38%

62%

ns
0.0001†

Forest plot showing odds ratios (95% CIs) of death
Emergency
revascularisation

Medical
therapy

Study
33

Kunadian et al
54

SHOCK (1)

Tayara et al31

Should patients with CS receive
GP IIb/IIIa inhibitors?
Only two randomised controlled trials evaluated the early administration of GP inhibitors
and reported prevention of CS.21,22 There
were no randomised trials evaluating GP inhibition in established CS. The addition of GP
IIb/IIIa inhibitors to thrombolytic therapy
offers no advantage over thrombolysis alone in
the prevention of CS. The GUSTO-V trial
randomly allocated 16588 patients within 6
hours of onset of STEMI to receive reteplase or
half dose reteplase and abciximab.21 Despite
more bleeding complications with combined
therapy, abciximab did not alter mortality nor
reduce the risk of CS (9.1% in the intervention
[combined therapy] group versus 9.4% in the
control [reteplase alone] group). Recent findings from the FINESSE (Facilitated INtervention with Enhanced reperfusion Speed to Stop
Events) study show that early use of GP IIb/
IIIa inhibitors to facilitate PCI does not reduce
mortality or CS, but does increase the risk of
major and minor bleeding.22
Summary and levels of evidence

Doven et al30

• GP IIb/IIIa inhibitors have no role in the
non-tertiary management or prevention of CS
after STEMI (level II).

23

GRACE

Edep and Brown

and facilitates transfer to a tertiary centre for
definitive therapy (level III-2).

32

2

SHOCK (2)

Should patients with CS who are aged
75 years or older receive the same
treatment as younger patients?

19

(S)MASH

24

GUSTO-I

‡

Summary

0.1

0.5

1.0

1.5 2.0 2.5

Odds ratio
SHOCK = SHould we emergently revascularize Occluded Coronaries for cardiogenic shocK trial.
GRACE = Global Registry of Acute Coronary Events. (S)MASH = (Swiss) Multicenter trial of Angioplasty
for SHock. GUSTO-I = Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded
Coronary Arteries trial I. ns = not significant.
* Randomised controlled trials. † Significant difference between groups (P < 0.05). ‡ Pooled results show a
◆
statistically significant effect favouring ERV.

patients, IABP use in Killip class III/IV
patients significantly improved 6-month
survival (61% v 20%; P = 0.05).55
As summarised in Box 2, most published
observational data report a treatment benefit
with IABP use in CS, although these findings
may reflect patient selection bias or publication bias.56 Despite more frequent use of
IABP in tertiary cardiac hospitals, two small
studies have demonstrated the benefit of
IABP in the management of CS in the community hospital setting.36,37 Moreover, in the
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SHOCK trial, 55% of the intervention group
were transferred from a non-specialist centre
for mechanical revascularisation, and 86%
had IABP insertion.2
Summary and levels of evidence

• In the management of STEMI and CS,
IABP use should be considered in all patients
who do not have contraindications for insertion (level III-2).
• IABP insertion in the non-tertiary hospital
setting is feasible, confers a survival benefit
MJA • Volume 190 Number 8 • 20 April 2009

There is a lack of original research specifically
evaluating treatments for AMI or CS in older
patients, and many large randomised controlled trials excluded such patients from enrolment. However, consensus guidelines for
acute coronary care in older patients have
been published.57 Advanced age is a predictor of poor outcome in patients with STEMI,
both with and without CS.24,58
Thrombolysis: Three meta-analyses12,14,15
and five observational studies40-44 were
included. An overview of randomised trials
evaluating thrombolysis against open or placebo control by the Fibrinolytic Therapy
Trialists’ Collaborative Group included nine
trials.12 The overall survival benefit from
thrombolysis was not apparent in 5788
patients aged 75 years or older. However, as
some of the included trials enrolled patients
with ST-segment depression, a subsequent
analysis of the 3300 patients aged 75 years or
older who presented with STEMI or new left
bundle branch block showed a significant

S Y S T E MA T I C R E V I EW

Observational data do not universally
endorse fibrinolysis in older patients,40,41
but data from large registries and consensus
opinion support its use in the appropriate
clinical setting.42-44,57

2 Comparison of treatment with intra-aortic balloon pump (IABP) with no
such treatment in published studies of patients with ST-segment-elevation
myocardial infarction and cardiogenic shock

Study

No. of
patients

Year

Mortality at
primary endpoint

Primary
endpoint
(mortality)

IABP

No IABP

TACTICS20*

2005

57

6-month

34%

43%

0.23

Barron et al34

2001

23 180

Inhospital

49%

67%

< 0.01‡

Sanborn et al25

2000

856

Inhospital

50%

72%

< 0.0001‡

1999

3 396

Inhospital

45%

58%

0.001‡

1997

46

30-day

33%

68%

0.019‡

GUSTO I/III

35

Kovack et al
Stomel et al

36†
37†

ERV: Box 3 summarises the studies of ERV
in older patients with CS. The only randomised data are either from an underpowered study19 or a subgroup analysis.2 The
remaining study was a retrospective cohort
study.45

P

IABP: The only randomised trial of IABP use
in STEMI and CS sought to enrol patients
aged over 75 years, but the oldest patient
was aged 74 years.20 In the SHOCK trial,
82% of patients aged over 75 years had IABP
support, but 1-year mortality was shown to
be unchanged in the IABP group.2 In nonrandomised studies of IABP in CS, the mean
age of patients who underwent IABP therapy
was consistently 62–67 years.34-39

‡

1994

64

Inhospital

32%

77%

0.0049

Waksman et al38

1993

85

Inhospital

54%

62%

< 0.001‡

Moulopoulos et al39

1986

49

1-month

70%

100%

na

Forest plot showing odds ratios (95% CIs) of death
Intra-aortic
balloon pump

No intra-aortic
balloon pump

Study
TACTICS20

Summary and levels of evidence

Barron et al34

• Thrombolysis:
¾ Patients aged 75 years or older who
have STEMI are more likely to die from
complications of AMI than from complications of thrombolysis (level I).
¾ In older patients with AMI, thrombolysis reduces all-cause mortality compared with no reperfusion therapy
(level I).
• ERV:
¾ While observational data support the
use of ERV in patients aged 75 years or
older who have CS (level III-2), this is
not matched by the findings of subgroup analysis from a randomised trial.
• IABP:
¾ There is no evidence to support the
isolated use of IABP in older patients
with CS.

Sanborn et al25
GUSTO I/III35
Kovack et al36
Stomel et al37
Waksman et al38
Moulopoulos et al39
Summary§
0.1

0.5

1.0

1.5 2.0 2.5

Odds ratio
TACTICS = Thrombolysis And Counterpulsation To Improve Cardiogenic Shock survival trial. GUSTO I/III =
Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries trials I
and III. na = not applicable.
* Randomised controlled trial. † Studies conducted in non-tertiary centres. ‡ Significant difference between
groups (P < 0.05). § Pooled results show a statistically significant effect favouring use of IABP.
◆

reduction in mortality with thrombolytic
therapy (26% v 29.4%; P = 0.03).14
A more recent meta-analysis reported a
fourfold increase in mortality in older
patients (aged ≥ 75 years) with AMI receiving thrombolysis compared with younger
patients (aged < 75 years).15 Despite a threefold increase in intracranial haemorrhage
and non-haemorrhagic cerebrovascular accident after thrombolysis, the absolute incidence of these complications was low
(intracranial haemorrhage, 1.4%; cerebrovascular accident, 3.5%) and older patients
were more likely to die from complications
of AMI than from thrombolysis.

3 Comparison of emergency revascularisation (ERV) with medical therapy in
published studies of patients aged ⭓ 75 years with ST-segment-elevation
myocardial infarction and cardiogenic shock

Study
Dzavik et al

45

Year

No. of
patients

Primary
endpoint
(mortality)

Mortality at
primary endpoint
ERV

Medical care

P

2003

277

Inhospital

48%

81%

(S)MASH19

1999

15

1-year

57%

100%

0.0003*
na

SHOCK2

1999

56

6-month

79.2%

56.3%

0.003*

(S)MASH = (Swiss) Multicenter trial of Angioplasty for SHock. SHOCK = SHould we emergently revascularize
Occluded Coronaries for cardiogenic shocK trial. na = not applicable.
* Significant difference between groups (P < 0.05; note: the difference in the SHOCK trial favours medical
therapy).
◆
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• Despite conflicting evidence, selected
older patients with CS may benefit from
thrombolysis and invasive therapies such as
ERV and IABP.

COMPETING INTERESTS

CONCLUSION

AUTHOR DETAILS

Despite reductions in mortality from AMI in
the past 20 years, the rate of survival among
patients who develop CS is less than 50% at
1 year.2 Although the mortality rate from CS
is higher among patients presenting to nontertiary hospitals than to hospitals with
invasive cardiac facilities, CS is frequently
managed initially in regional centres. In this
review, we sought to identify treatments that
may reduce the incidence of or improve
outcomes from CS and that could be easily
initiated in the community hospital setting.
While PCI outperforms thrombolysis for
revascularisation in CS, it is difficult to
achieve a timely PCI service for all patients
in a large country like Australia. Thrombolytic therapy for STEMI reduces all-cause
mortality and reduces the incidence of CS.
PHT confers greater benefit than IHT and, if
it is delivered within 2 hours of symptom
onset, may reduce CS and mortality to a
greater degree than PCI. In patients aged
less than 75 years who have STEMI and CS,
thrombolysis should be administered in
keeping with recognised indications and
contraindications, referral should be made
to a tertiary centre for consideration for ERV,
and IABP should be contemplated before
interhospital transfer. Although increasing
age is an independent predictor of mortality
in CS, patients aged 75 years or older should
not be denied treatment on the basis of their
age. Such patients with STEMI may benefit
from thrombolysis and/or transfer for early
invasive therapies, and the choice of management should be based on their functional
status, comorbidities and the severity of
their acute illness. There is no role for GP
IIb/IIIa inhibitors in the prevention or management of CS in the community hospital
setting.
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