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✤ Cardiogenic shock

✤ Severe HF

✤ RV infarction

✤ Pericarditis 

✤ Mechanical complications


✤ MR

✤ Ventricular septal rupture

✤ LV free wall rupture

✤ Electrical complications

VT, VF, AF and other SVT

Bradycardia, AV block, and 
intraventricular conduction 
defect


✤ Thromboembolic and bleeding 
complications


✤ Acute kidney injury

✤ Hyperglycemia

Complications of STEMI 



Complications of STEMI



Outline
•Cardiogenic Shock

•Mechanical complication in AMI

•Heart failure in ACS



Cardiogenic Shock 
Management in AMI Patients



Management of Cardiogenic Shock 
Complicating Myocardial Infarction 

•Definition of cardiogenic shock


•Pathophysiology and prognosis assessment 


•Management and treatment



Causes of cardiogenic shock

Eur J Heart Fail2015;17:501–9.

ACS 
60-80%

Etiology of cardiogenic 
shock in AMI 

• Loss of LV mass 
• Loss of LV with arrhythmia or 
vasodilation  

• RV infarction 
• Mechanical complication 
- Papillary muscle rupture 
- Ventricular septal rupture 
- Free wall rupture 

Circulation. 2017;136:e232–e268



Cardiogenic Shock

• CS is caused by severe impairment of myocardial 
performance that results in diminished cardiac 
output, end‐organ hypoperfusion, and hypoxia 

• Presents as hypotension refractory to volume 
resuscitation with features of end‐organ 
hypoperfusion requiring pharmacological or 
mechanical intervention.

Cardiogenic Shock

European Heart Journal (2019) 40, 2671–2683 



⬆Stiffness Stunning Infarction

Loss of 
myocardial mass

Septal rupture

Papillary muscle 
dysfunction

Ventricular 
remodeling

⬇Contractility

⬇Cardiac 
output

⬆Ventricular 
filling pressures

Low cardiac output 
Cardiogenic shock

     Ischemia

Pathophysiology following myocardial ischemia

Acute Heart Failure in the Setting of Acute Coronary Syndromes, Springer, London 2008, pp. 168–182.



Cardiogenic Shock
• Defined as a state of critical end organ hypoperfusion and hypoxemia due to 

primary cardiac disorders

• Diagnosis: clinical criteria


• Persistent hypotension without adequate response to volume 
replacement


• Clinical features of endorgan hypoperfusion: cold extremities, oliguria, 
altered mental status


• Biochemical manifestations of inadequate tissue perfusion: elevated 
arterial lactate


• Diagnosis: hemodynamic parameters

• Reduced cardiac index, elevated PCWP (CI of ≤2.2 L/min/m2 and PCWP ≥15 mmHg)

European Heart Journal (2019) 40, 2671–2683 



Definition of Cardiogenic Shock

Clinical hypoperfusion:
Cold extremities, oliguria, mental confusion, dizziness, 
and narrow pulse pressure.

Laboratory hypoperfusion:  
Metabolic acidosis 
Elevated lactate  
Elevated creatinine

SBP < 90 mmHg with  
Adequate volume & clinical or 

laboratory signs of hypoperfusion

European Heart Journal (2019) 40, 2671–2683 



Physical findings suggestive of the ventricle 
primarily involved in cardiogenic shock

Journal of the American Heart Association. 2019;8:e011991



Different hemodynamic presentations of CS

CS and those being supported by mechanical support devices. We rec-

ommend the use of a PA catheter to diagnose and/or manage patients

with CS, along with consideration of rapid transfer to experienced shock

centers in the case of patients who require a higher level of care.

4 | MIXED SHOCK

The underlying cause of CS is by definition failure of myocardial func-

tion, and prompt measures to identify and address the underlying cause

are of paramount importance. Other hemodynamic forms of shock can

contribute to myocardial failure; however, as shock progresses, com-

mon pathways emerge leading to tissue and organ dysfunction, often

involving inflammation and microcirculatory dysfunction.41 These path-

ways can alter the hemodynamic profile of CS.

An analysis of hemodynamics in the SHOCK trial revealed that

about 20% of patients had low SVR at the onset of CS.42 Most of these

patients had fever and leukocytosis suggestive of systemic inflamma-

tion, but not all of them were proven to have infection.42 Such vasodila-

tion can further exacerbate impaired systemic perfusion and decreased

coronary perfusion pressure resulting from the initial CS state.

Distinguishing infection from systemic inflammation without

infection can be challenging. Procalcitonin, an acute phase reactant

released in response to endotoxin and other cytokines, is a highly sen-

sitive marker for bacterial infection, and thus low levels may identify

patients who do not require antibiotics.43 Procalcitonin, however, has

been shown to be elevated in HF44 and so elevated levels may not be

entirely specific for infection in patients with CS.

The potential for mixed shock emphasizes the importance of inva-

sive hemodynamic monitoring in patients with CS. If patients do not

respond rapidly to therapy based on the assumption that CO is low and

filling pressures are high, mixed shock merits urgent consideration.

4.1 | Transitions of shock stage

Patients with CS often have dynamic clinical symptomatology and

hemodynamics. In designing this classification, the authors acknowledge

this and note that a patient may start at a stage BA (beginning CS with a

cardiac arrest) and then worsen over time to a higher stage. Whether

transitions to higher or lower grade stages change the prognosis is

unknown. For example, a patient who presents with Stage C shock, and

rapidly improves following PCI of a proximally occluded left anterior

descending artery might regress to stage B, but it is unknown whether

the clinical trajectory is the same as a stage B patient who never

develops hypoperfusion. Similarly, does the prognosis of a Stage C

patient who deteriorates into Stage D but stabilizes on mechanical sup-

port and inotropes and can be weaned after 48 hours equal that of a

stage C patient who never progressed in this fashion?

It is hoped that the use of the shock classification and application

to patient datasets will allow such insights to be gleaned. Clearly vali-

dation in clinical datasets will be necessary to establish the utility of

this proposed classification schema.

5 | PRACTICAL UTILITY OF SHOCK
CLASSIFICATION

The authors recognize that the proposed classification schema pres-

ented (like most) is arbitrary and fairly simple. Some may wish for stri-

cter definitions of stages, or to tie stages to laboratory values or some

kind of a scoring mechanism. However, we feel that the elegance of

the classification resides with its simplicity and that it is designed to

be applicable across the care spectrum. The prognostic and therapeu-

tic merits of the proposed classification schema are expected to be

retrospectively and possibly prospectively validated.

5.1 | Example case

Mr. SL is a 67-year-old man with diabetes, hypertension, hypercholester-

olemia and tobacco use who underwent coronary artery bypass grafting

10 years prior for severe three vessel coronary disease. He presents with

vague chest pain which woke him from sleep. Further questioning indi-

cates a crescendo pattern to angina and troponin T measured in the

emergency department is positive. His blood pressure is 94/70 mmHg

F IGURE 2 Different hemodynamic presentations of CS

BARAN ET AL. 35

Catheter Cardiovasc Interv 2019 



Routine initial investigations
• ECG

• CBC, Electrolyte, BUN, Creatinine

• Troponins

• NT-proBNP

• Lactic acid

• ABG

• Echocardiography

European Heart Journal (2019) 40, 2671–2683 



CS Management



Management and Treatment
Treatment algorithm based on 


• The etiology of CS


• Left and right ventricles, mechanical complication as 
cause


• Treatment in cath lab, CCU/ICU, OR


• Selection of MCS



Proposed regional system of care for cardiogenic shock

Circulation. 2017;136:e232–e268



Levels of Cardiac Shock Care

J Am Coll Cardiol 2017;69:1913–20 



Care Pathways for the Management of Cardiogenic Shock in 
Acute Myocardial Infarction Setting

J Am Coll Cardiol 2017;69:1913–20 



European Heart Journal (2019) 40, 2671–2683 



Revascularization



Revascularization

2018 ESC/EACTS Guidelines on myocardial revascularization



Early Revascularization

A significant difference in survival (P = .03), with a 13.1% (95% confidence interval [CI], −2.4% to 
28.5%) and 13.2% (95% CI, −1.9% to 28.3%) absolute difference in survival at 3 and 6 years, 
respectively, favoring early revascularization.

JAMA. 2006 June 7; 295(21): 2511–2515



Revascularization in multivessel CAD

Patients with AMI & cardiogenic shock, the risk of death or renal-replacement therapy at 30 days 
was lower with culprit-lesion-only PCI than with immediate multivessel PCI, and mortality did not 

differ significantly between the two groups at 1 year of follow-up.

N Engl J Med 2018;379:1699-710.N Engl J Med 2017; 377:2419-2432



2018 ESC/EACTS Guidelines on myocardial revascularization



Mechanical complications



Angina, reinfarction, infarct extension

Complications of acute MI
Ischemia

Mechanical

Arrhythmia

Emboli

Inflammation

HF, cardiogenic shock, MV dysfunction, 
aneurysm, cardiac rupture

Atrial or ventricular arrhythmias, sinus or AV 
node dysfunction

CNS or peripheral embolization

Pericarditis



Incidence  1-2%        1-6%   1-2% 

Timing   3-5 d p MI       3-6 d p MI   3-5 d p MI 
Phy Exam  murmur 90%       JVD, EMD   murmur 50% 

Thrill   Common       No    Rare 
Echo   Shunt        Peric. Effusion  Regurg. Jet 

PA cath  O2 step up       Diast Press Equal.  c-v wave in PCW 

Images:Courtesy of W D Edwards (Mayo Foundation) 
Data: Lavocitz. CV Rev Rpt 1984;5:948; Birnbaum. NEJM 2002;347:1426. 



Utility of echocardiogram in CS

Circulation. 2017;136:e232–e268



Intensive care unit 
treatment



• Optimal treatment of multi-organ dysfunction (MODs)

• Oxygenation and airway management

• Urine production, serial Cr measurements, metabolic acidosis, 

hyperK

• Elevate liver parameters

• Glycemic control, avoid hypoglycemia (114-180 mg/dL)

• Prophylaxis of thromboembolism and stress ulcer

• Hemodynamic monitoring

General intensive care measures



Contemporary Management of Cardiogenic Shock

Circulation. 2017;136:e232–e268. DOI: 10.1161/CIR.0000000000000525 October 17, 2017 e245

CLINICAL STATEM
ENTS  

AND GUIDELINES

ing.197 In contemporary practice, however, the major-
ity of patients presenting to the hospital with CS com-
plicating MI are treated with early PCI.4 From 2003 to 
2010, the rate of early PCI in CS rose from 26% to 
54%, whereas CABG rates remained relatively stable at 
5% to 6%.4 These epidemiological data suggest that 
many patients with CS may be incompletely revascu-
larized at the time of presentation, but the associated 
outcomes of this practice remain unclear. 

Suggestions for Clinical Practice
We suggest that in patients with MI-associated CS who 
have multivessel or left main disease, PCI or CABG re-
vascularization decisions should be made collaborative-
ly between cardiologists and surgeons by incorporation 
of the patient’s medical information, coronary anatomy, 
procedural risks, potential treatment-related delays, 
and expressed preferences.

Medical Management of the Patient  
With CS
Once the patient is admitted to the hospital, manage-
ment of CS frequently requires the primary care team 

to coordinate the multidisciplinary delivery of patient 
monitoring, pharmacological therapies, and mechani-
cal technologies.

Critical Care Unit Monitoring and 
Hemodynamic Goals
Relatively few data are available to guide appropriate 
monitoring decisions for patients with CS. An over-
view of suggested tools is provided in Table! 3. The 
inherent hemodynamic instability and high preva-
lence of vasopressor use in CS merit invasive arte-
rial blood pressure monitoring to guide drug titra-
tion. Central venous catheter insertion should also 
be considered to support the administration of va-
soactive medications and to facilitate monitoring of 
CVP and mixed central venous oxygen saturation, 
which may be helpful in determining the adequacy 
of tissue oxygen delivery. Clinical examination and 
laboratory testing are also necessary for monitor-
ing end-organ perfusion and function. Repeated 
assessments of plasma lactate, for instance, can be 
informative with respect to the persistence of shock 

Table 3. Considerations for Initial Critical Care Monitoring in Patients With CS

Monitoring Parameter Frequency Comment/Rationale

Noninvasive monitoring

  Telemetry, pulse oximetry, 
respiratory rate

Continuous High incidence of arrhythmias, ventilator failure, and pulmonary edema

 Critical care unit monitoring 1:1 Nurse-to-patient ratio High incidence of hemodynamic deterioration and multisystem organ failure

Invasive monitoring

 Arterial BP monitoring Continuous Consider continuing until vasoactive medications have been discontinued for 12–24 h

 CVP Continuous A central line is required for delivery of vasoactive medications; single-point-in-time CVP 
measurements may be unreliable measures of fluid status, but longitudinal CVP trends may 
provide information on trends in fluid status

  Central venous oxygen 
saturation

Every 4 h Trends in central venous oxygen saturation in patients with a central line can be used to help 
monitor trends in cardiac output

 Urine output Every hour Urine output and serum creatinine monitoring are markers of renal perfusion and acute kidney 
injury

  PAC or noninvasive cardiac 
output monitor

Selected use Consider using early in the treatment course in patients not responsive to initial therapy or in 
cases of diagnostic or therapeutic uncertainty

Laboratory investigations

 Complete blood counts Every 12–24 h Consider more frequently in patients with CS with, or at high risk for, bleeding

 Serum electrolytes Every 6–12 h Frequency should be tailored to risks or presence of renal failure and electrolyte dyscrasias

 Serum creatinine Every 12–24 h Urine output and serum creatinine monitoring are markers of renal perfusion and acute kidney 
injury

 Liver function tests Daily Monitoring for congestive hepatopathy and hypoperfusion

 Lactate Every 1–4 h Lactate clearance is a marker of resolving end-organ hypoperfusion, and lack of clearance is 
associated with a higher risk of mortality

 Coagulation laboratories Every 4–6 h for those 
on anticoagulants until 
therapeutically stable, 
every 24 h if patient is 
not on anticoagulants

Altered drug elimination and frequent use of mechanical support devices often necessitate 
antithrombotic monitoring

BP indicates blood pressure; CS, cardiogenic shock; CVP, central venous pressure; and PAC, pulmonary artery catheter.
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Altered drug elimination and frequent use of mechanical support devices often necessitate 
antithrombotic monitoring

BP indicates blood pressure; CS, cardiogenic shock; CVP, central venous pressure; and PAC, pulmonary artery catheter.

D
ow

nloaded from
 http://ahajournals.org by on January 10, 2020

Circulation. 2017;136:e232–e268.

Initial Critical Care Monitoring in Patients with CS

Contemporary Management of Cardiogenic Shock

Circulation. 2017;136:e232–e268. DOI: 10.1161/CIR.0000000000000525 October 17, 2017 e245

CLINICAL STATEM
ENTS  

AND GUIDELINES

ing.197 In contemporary practice, however, the major-
ity of patients presenting to the hospital with CS com-
plicating MI are treated with early PCI.4 From 2003 to 
2010, the rate of early PCI in CS rose from 26% to 
54%, whereas CABG rates remained relatively stable at 
5% to 6%.4 These epidemiological data suggest that 
many patients with CS may be incompletely revascu-
larized at the time of presentation, but the associated 
outcomes of this practice remain unclear. 

Suggestions for Clinical Practice
We suggest that in patients with MI-associated CS who 
have multivessel or left main disease, PCI or CABG re-
vascularization decisions should be made collaborative-
ly between cardiologists and surgeons by incorporation 
of the patient’s medical information, coronary anatomy, 
procedural risks, potential treatment-related delays, 
and expressed preferences.

Medical Management of the Patient  
With CS
Once the patient is admitted to the hospital, manage-
ment of CS frequently requires the primary care team 

to coordinate the multidisciplinary delivery of patient 
monitoring, pharmacological therapies, and mechani-
cal technologies.

Critical Care Unit Monitoring and 
Hemodynamic Goals
Relatively few data are available to guide appropriate 
monitoring decisions for patients with CS. An over-
view of suggested tools is provided in Table! 3. The 
inherent hemodynamic instability and high preva-
lence of vasopressor use in CS merit invasive arte-
rial blood pressure monitoring to guide drug titra-
tion. Central venous catheter insertion should also 
be considered to support the administration of va-
soactive medications and to facilitate monitoring of 
CVP and mixed central venous oxygen saturation, 
which may be helpful in determining the adequacy 
of tissue oxygen delivery. Clinical examination and 
laboratory testing are also necessary for monitor-
ing end-organ perfusion and function. Repeated 
assessments of plasma lactate, for instance, can be 
informative with respect to the persistence of shock 

Table 3. Considerations for Initial Critical Care Monitoring in Patients With CS

Monitoring Parameter Frequency Comment/Rationale

Noninvasive monitoring

  Telemetry, pulse oximetry, 
respiratory rate

Continuous High incidence of arrhythmias, ventilator failure, and pulmonary edema

 Critical care unit monitoring 1:1 Nurse-to-patient ratio High incidence of hemodynamic deterioration and multisystem organ failure

Invasive monitoring

 Arterial BP monitoring Continuous Consider continuing until vasoactive medications have been discontinued for 12–24 h
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 Serum creatinine Every 12–24 h Urine output and serum creatinine monitoring are markers of renal perfusion and acute kidney 
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Altered drug elimination and frequent use of mechanical support devices often necessitate 
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Fluid, vasopressor, inotropes

• Fluid challenge as first line therapy should be considered 
unless there are signs of overt fluid overload.


• Vasopressors should be titrated to mean arterial pressure 
> 65 mmHg


• Lower mortality with norepinephrine over epinephrine or 
dopamine, norepinephrine is the vasoconstrictor of 
choice.
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van Diepen et al

October 17, 2017 Circulation. 2017;136:e232–e268. DOI: 10.1161/CIR.0000000000000525e246

and has been shown to be prognostically important  
in patients with CS.198 Lastly, although clinical trials 
have shown no benefit with the routine use of PAC 
hemodynamic monitoring, observational studies in CS 
populations have been mixed, and the PAC remains 
a potentially important diagnostic and management 
tool for these individuals.199–202 Hemodynamic data 
provided by a PAC can confirm the presence and se-
verity of CS, involvement of the RV, pulmonary artery 
pressures and transpulmonary gradient, and vascular 
resistance of the pulmonary and systemic arterial beds. 
In addition, a PAC may provide CS prognostic informa-
tion such as CI and cardiac power and enables clinicians 
to monitor responses to therapeutic interventions.39,203 
Although noninvasive devices may be used, their reli-
ability in this setting has not been well studied. 

Although the aforementioned measurements are 
important for the diagnosis and monitoring of CS, 
treatment targets are considerably less well established. 
In general, goals of therapy should focus instead on re-
storing and maintaining satisfactory tissue perfusion.204 
For many patients, the adequacy of end-organ blood 
flow roughly correlates with blood pressure, with low 
blood pressures associated with an increased risk of 
mortality.100 Unfortunately, no clear SBP or mean arte-
rial pressure (MAP) suggestions can be made because 
MAP targets are often extrapolated from non-CS popu-
lations in whom a value of 65 mm Hg has been consid-
ered a reasonable target.205 CS is a hemodynamically 
heterogeneous disorder, and hemodynamic variables 
may not necessarily reflect differential patterns of end-
organ blood flow or tissue perfusion. Microcirculatory 

dysfunction may persist despite improvements in these 
hemodynamic measurements.206 

Suggestions for Clinical Practice
We suggest the use of PACs in cases of diagnostic or CS 
management uncertainty or in patients with moderate 
to severe CS who are unresponsive to initial therapy.

Hemodynamic monitoring should complement (and 
not replace) other markers of end-organ perfusion in CS. 
The optimal MAP likely differs from patient to patient, 
and the risks of hypoperfusion with lower MAPs must 
be balanced (and individualized) with the potentially del-
eterious impact of vasoactive agents on myocardial oxy-
gen demand, ischemia, and arrhythmia associated with 
higher MAP targets. We suggest that clinicians assess the 
adequacy of end-organ and tissue perfusion in response 
to individualized targets by integrating serial markers of 
systemic perfusion, including (but not limited to) arterial 
lactate, mixed or central venous oxygen saturations, urine 
output, creatinine, liver function tests, mental status, 
temperature, and other invasive hemodynamic variables.

Nonvasoactive Pharmacological 
Management
An analysis from the TRIUMPH trial (Effect of Acetate in 
Patients With Acute Myocardial Infarction and Cardio-
genic Shock) reported that approximately one quarter 
of patients with CS were administered !-blockers or re-
nin-angiotensin-aldosterone system (RAAS) antagonists 
within the first 24 hours after CS diagnosis.207 Com-
pared with patients not receiving these early therapies, 
patients receiving them had higher 30-day mortality. 

Table 4. Mechanism of Action and Hemodynamic Effects of Common Vasoactive Medications in CS

Medication Usual Infusion Dose

Receptor Binding
Hemodynamic 

Effects!1 "1 "2 Dopamine

Vasopressor/inotropes

 Dopamine 0.5–2 "g·kg!1·min!1 ! + ! +++ #CO

 5–10 "g·kg!1·min!1 + +++ + ++ ##CO, #SVR

 10–20 "g·kg!1·min!1 +++ ++ ! ++ ##SVR, #CO

 Norepinephrine 0.05–0.4 "g·kg!1·min!1 ++++ ++ + ! ##SVR, #CO

 Epinephrine 0.01–0.5 "g·kg!1·min!1 ++++ ++++ +++ ! ##CO, ##SVR

 Phenylephrine 0.1–10 "g·kg!1·min!1 +++ ! ! ! ##SVR

 Vasopressin 0.02–0.04 U/min Stimulates V1 receptors in vascular smooth muscle ##SVR, $PVR

Inodilators

 Dobutamine 2.5–20 "g·kg!1·min!1 + ++++ ++ ! ##CO, %SVR, %PVR

 Isoproterenol 2.0–20 "g/min ! ++++ +++ ! ##CO, %SVR, %PVR

 Milrinone 0.125–0.75 "g·kg!1·min!1 PD-3 inhibitor #CO, %SVR, %PVR

 Enoximone 2–10 "g·kg!1·min!1 PD-3 inhibitor #CO, %SVR, %PVR

 Levosimendan 0.05–0.2 "g·kg!1·min!1 Myofilament Ca2+ sensitizer, PD-3 inhibitor #CO, %SVR, %PVR

CO indicates cardiac output; CS, cardiogenic shock; PD-3, phosphodiesterase-3; PVR, pulmonary vascular resistance; and SVR, systemic 
vascular resistance.
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Pharmacological therapy

Recommendations for the management of patients with acute heart failure: pharmacotherapy

Recommendations Class a Level b Ref c

Diuretics

improve symptoms. It is recommended to regularly monitor symptoms, urine output, renal function and electrolytes during 
use of i.v. diuretics.

I C

In patients with new-onset AHF or those with chronic, decompensated HF not receiving oral diuretics the initial 
recommended dose should be 20–40 mg i.v. furosemide (or equivalent); for those on chronic diuretic therapy, initial i.v. 
dose should be at least equivalent to oral dose.

I B 540, 548

It is recommended to give diuretics either as intermittent boluses or as a continuous infusion, and the dose and duration 
should be adjusted according to patients’ symptoms and clinical status. I B 548

Combination of loop diuretic with either thiazide-type diuretic or spironolactone may be considered in patients with IIb C 549

Vasodilators

i.v. vasodilators should be considered for symptomatic relief in AHF with SBP >90 mmHg (and without symptomatic 
hypotension).
Symptoms and blood pressure should be monitored frequently during administration of i.v. vasodilators.

IIa B 537, 
550–555

In patients with hypertensive AHF, i.v. vasodilators should be considered as initial therapy to improve symptoms and reduce 
congestion. IIa B 537, 

551–554

Inotropic agents – dobutamine, dopamine, levosimendan, phosphodiesterase III (PDE III) inhibitors

Short-term, i.v. infusion of inotropic agents may be considered in patients with hypotension (SBP <90 mmHg) and/or signs/

peripheral perfusion and maintain end-organ function. 
IIb C

An intravenous infusion of levosimendan or a PDE III inhibitor may be considered to reverse the effect of beta-blockade 
if beta-blockade is thought to be contributing to hypotension with subsequent hypoperfusion. IIb C

Inotropic agents are not recommended unless the patient is symptomatically hypotensive or hypoperfused because of 
safety concern. III A 556, 557

Vasopressors

A vasopressor (norepinephrine preferably) may be considered in patients who have cardiogenic shock, despite treatment 
with another inotrope, to increase blood pressure and vital organ perfusion. IIb B 558

It is recommended to monitor ECG and blood pressure when using inotropic agents and vasopressors, as they can cause 
arrhythmia, myocardial ischaemia, and in the case of levosimendan and PDE III inhibitors also hypotension. I C 540, 

559–563

In such cases intra-arterial blood pressure measurement may be considered. IIb C

Thrombo-embolism prophylaxis

Thrombo-embolism prophylaxis (e.g. with LMWH) is recommended in patients not already anticoagulated and with no 
contra-indication to anticoagulation, to reduce the risk of deep venous thrombosis and pulmonary embolism. I B 564

Other drugs

d IIa C

b. amiodarone may be considered. IIb B 565–567

Opiates may be considered for cautious use to relieve dyspnoea and anxiety in patients with severe dyspnoea but nausea 
and hypopnea may occur. IIb B 568, 569

AHF ! acute heart failure; ECG ! electrocardiogram; HF ! heart failure; i.v. ! intravenous; LMWH ! low molecular weight heparin; SBP ! systolic blood pressure.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.
dBeta-blockers should be used cautiously, if the patient is hypotensive.

ESC Guidelines Page 51 of 85

 b
y
 g

u
e
st o

n
 M

a
y
 2

4
, 2

0
1
6

h
ttp

://e
u
rh

e
a
rtj.o

x
fo

rd
jo

u
rn

a
ls.o

rg
/

D
o
w

n
lo

a
d
e
d
 fro

m
 

2016 ESC Guidelines for the diagnosis and treatment of acute 
and chronic heart failure



Mechanical Assist Devices 
Mechanical Circulatory Support (MCS)

IABP
VADs



Mechanical Circulatory Support (MCS) devices



IABP Counterpulsation

IABP  
• Augment diastolic coronary 
& systemic blood flow 

• Reduce vascular resistance 
(afterload) 

• Reduce myocardial work



Intra-aortic balloon pump: IABP

•Based on the IABP-SHOCK II trial, IABP should not 
be used anymore routinely (Class IIIB).

• IABP may only be considered in patients with 
mechanical complications (Class IIa C).

Time-to-event curves through 6 years

Circulation. 2019;139:395–403.

Eur Heart J 2018;39:119–177.
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October 17, 2017 Circulation. 2017;136:e232–e268. DOI: 10.1161/CIR.0000000000000525e242

are collected through ACTION (Acute Coronary Treat-
ment and Intervention Outcomes Network Registry)–
Get With The Guidelines, although many systems use 
their own local registries. Baseline requirements for 
STEMI could serve as the foundation for an advanced 
CS program, including data collection and quality im-
provement programs.

The Mission: Lifeline experience indicates that there 
is a considerable variation in the successful develop-
ment of STEMI systems that depends on geography 
(rural versus urban), regional resources, state lines, and 
legislation/regulations, and the program recommends 
consideration of local issues while national recommen-
dations are implemented.137 Many of the most success-
ful STEMI systems actively include OHCA and advanced 
CS protocols, as well as protocols for other cardiovas-
cular emergencies.125

For CS, metrics that can potentially serve as bench-
marks to improve performance need to be developed 
and measured at the spoke-and-hub institutions with 
the use of standardized CS definitions. Examples of 
such metrics include the performance of coronary an-
giography, time to reperfusion, time to support with 
percutaneous or surgical MCS, decision to transfer to a 
hub center, timing of transfer, stabilization at the spoke 
hospital, and use of mobile shock units. These met-
rics would facilitate implementation of robust quality 
assurance processes and would be used for reporting 
to national registries. Registries could then provide the 
research structure necessary to identify areas for im-

provement and further understanding of disease and 
care processes.

MANAGEMENT OF CS
Reperfusion and Revascularization in CS
Coronary reperfusion is the mainstay evidence-based 
therapeutic intervention for patients with acute MI 
presenting with CS.5,153,154 In this section, reperfusion 
and revascularization techniques and other adjunctive 
therapies used in the management of CS are reviewed 
(Supplemental Table 4). A proposed integrated CS care 
pathway is outlined in Figure!4.

Fibrinolytic Therapy
Very few placebo-controlled studies of fibrinolysis have 
included patients with CS.155 Initial studies showed no 
survival benefit of streptokinase over placebo, whereas 
mixed results comparing streptokinase with tissue plas-
minogen activator have been reported in small patient 
cohorts.156 Although the large GUSTO-1 trial (Global 
Utilization of Tissue Plasminogen Activator and Strep-
tokinase for Occluded Coronary Arteries) showed tis-
sue plasminogen activator to be superior to streptoki-
nase in the overall population, no substantial mortality 
benefit was observed between fibrinolytic strategies 
among the nearly 3000 patients with CS.157 In addi-
tion, tissue plasminogen activator–treated patients 

Figure 4. Potential cardiogenic shock 
care pathway, care location, and care 
providers.  
ACS indicates acute coronary syndrome; 
CABG, coronary artery bypass graft; 
ECMO, extracorporeal membrane oxygen-
ation; IABP, intra-aortic balloon pump; 
MCS, mechanical circulatory support; PCI, 
percutaneous coronary intervention; and 
VAD, ventricular assist device. *Consider 
temporary MCS before reperfusion in 
cases of refractory cardiac arrest or shock.
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Potential cardiogenic 
shock care pathway, 

care location, and care 
providers.

Circulation. 2017;136:e232–e268.



Treatment of Acute Heart Failure in 
Acute Coronary Syndromes



Presenting illness: 
Infarct location 

Time to treatment

Physical examination 
⬇BP, presence of CHF 

Heart rate 
Body weight

Predicting short-term risk of death in STEMI

History: 
Age, gender, prior MI, DM, 

HT, smoking, prior CVA

Cardiac 
biomarkers 

⬆ CKMB, cardiac 
troponins, BNP, 

hs-CRP



Risk stratification in acute MI: classical study

Killip Class Degree of HF following STEMI

I No clinical signs of heart failure

II Heart failure: rales or crackles in the lungs, an S3, and elevated JVP

III Severe heart failure: frank acute pulmonary edema

IV Cardiogenic shock or hypotension (SBP < 90 mmHg), and evidence of peripheral 
vasoconstriction (oliguria, cyanosis or sweating).

Killip T.,Kimball JT. Treatment of myocardial infarction in a coronary care unit. A two year experience with 250 patients. Am J Cardiol. 1967;20(4):457-64 

Mortality rate (%)

Killip Class



lated to HF. However, such low sensitivity would be expected
to underestimate the prevalence of HF among patients with
ACS and therefore does not detract from our finding of the
ominous prognostic implications of HF. In addition, our data
suggest that simple clinical signs of HF, as assessed in the
Killip classification, are directly linked to higher in-hospital
and 6-month mortality rates. These findings extend prior
reports, which confirmed the persistent value of the Killip
classification in assessing prognosis after acute myocardial
infarction21–24 to all ACS subsets. Finally, analyses of post-
admission variables related to physician discretion (eg, med-
ications, interventions) may be strongly influenced by unmea-
sured confounders.

Conclusions
This analysis shows that HF is a common and ominous compli-
cation associated with all forms of ACS, including unstable
angina. It also suggests that patients with ACS and HF are
undertreated. A more aggressive treatment should be recom-
mended in this group of patients to improve outcomes.18
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Neurohumoral-mediated organ dysfunction 
in acute heart failure syndrome.

European Heart Journal (2011) 32, 2626–2633
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Current treatment approaches for AHFS focus on 3 
separate phases:
1.Emergency department phase
2.In-hospital phase
3.Predischarge and early postdischarge phase

Appropriate Course of Therapy for AHFS and 
Recommended Treatment Goals



Goals of treatment in acute HF:  
Immediate (ED/ICU/CCU)

12.5 Monitoring of clinical status of
patients hospitalized due to acute heart
failure

Recommendations regarding monitoring of clinical
status of patients hospitalized due to acute heart failure

Recommendations Class a Level b

Standard non-invasive monitoring of heart rate, 
rhythm, respiratory rate, oxygen saturation and 
blood pressure is recommended.

I C

It is recommended that patients should be 

chart completed.
I C

It is recommended to evaluate signs and 
symptoms relevant to HF (e.g. dyspnoea, 
pulmonary rales, peripheral oedema, weight) I C

Frequent, often daily,measurement of 
renal function (blood urea, creatinine) and 
electrolytes (potassium, sodium) during 
i.v. therapy and when renin-angiotensin-
aldosterone system antagonists are initiated is 
recommended.

I C

Intra-arterial line should be considered in 
patients with hypotension and persistent 
symptoms despite treatment.

IIa C

Pulmonary artery catheter may be considered 
in patients who, despite pharmacological 
treatment present refractory symptoms 
(particularly with hypotension and 
hypoperfusion).

IIb C

HF ! heart failure; i.v. ! intravenous.
aClass of recommendation.
bLevel of evidence.

Patients should be weighed daily and an accurate fluid balance chart
should be maintained. Renal function should preferably be moni-
tored with daily measurement of BUN/urea, creatinine and electro-
lytes. Routine use of a urinary catheter is not recommended.

Renal function is commonly impaired at admission, but may im-
prove or deteriorate with diuresis. Routine monitoring of pulse, re-
spiratory rate and blood pressure should continue. There is no
study showing the usefulness of invasive haemodynamic monitoring
in patients with AHF excluding those with cardiogenic shock. There
is evidence that measuring NPs during the hospital admission may
help with discharge planning. Patients whose NP concentrations
fall during admission have lower cardiovascular mortality and re-
admission rates at 6 months.588 –590

12.6 Criteria for discharge from hospital
and follow-up in high-risk period
Patients admitted with AHF are medically fit for discharge552

† when haemodynamically stable, euvolaemic, established on
evidence-based oral medication and with stable renal function
for at least 24 hours before discharge;

† once provided with tailored education and advice about self-care.

Patients should preferably be

† enrolled in a disease management programme; follow-up plans
must be in place prior to discharge and clearly communicated
to the primary care team;

† reviewed by their general practitioner within 1 week of discharge;
† seen by the hospital cardiology team within 2 weeks of discharge

if feasible.

Patients with chronic HF should be followed up within a multipro-
fessional HF service. Pre- and post-discharge management should
follow the standards of care of the HFA.540,591,592

12.7 Goals of treatment during the
different stages of management of acute
heart failure
During the treatment of patients with AHF, one can distinguish
subsequent stages that require different therapeutic approaches
(described in the previous sections of this chapter). Importantly,
the goals of treatment during the different stages of management
of patients with AHF also differ, and are summarized in
Table 12.6.

Table 12.6 Goals of treatment in acute heart failure

Immediate (ED/ICU/CCU)

Improve haemodynamics and organ perfusion.

Restore oxygenation.

Alleviate symptoms.

Limit cardiac and renal damage.

Prevent thrombo-embolism.

Minimize ICU length of stay.

Intermediate (in hospital)

Identify aetiology and relevant co-morbidities.

Titrate therapy to control symptoms and congestion and optimize blood 
pressure.

Initiate and up-titrate disease-modifying pharmacological therapy.

Consider device therapy in appropriate patients.

Pre-discharge and long-term management

Develop a careplan that provides:
o A schedule for up-titration and monitoring of pharmacological therapy.
o Need and timing for review for device therapy.
o Who will see the patient for follow-up and when.

Enrol in disease management programme, educate, and initiate 
appropriate lifestyle adjustments.

Prevent early readmission.

Improve symptoms, quality of life, and survival.

CCU ! coronary care unit; ED ! emergency department; ICU ! intensive care
unit.
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The hospital management 
of patients with suspected 

acute heart failure

Acute heart failure and cardiogenic shock: a multidisciplinary practical guidance. Intensive Care Med

At ER



STEMI

NSTEMI/UA

CXR

Laboratory assessments:
 Cardiac troponin, BNP/

NT-proBNP
 BUN/Cr, electrolytes, 

glucose, CBC (LFT,  TSH)



Revascularization



Acute Heart Failure Syndromes in Patients With Coronary Artery Disease.  JACC 2009:254–63

ACS Angiography

Consider Early Angiography

Optimal Medical Therapy for CAD  
+ Optimal HF Therapy  
+ Myocardial Revascularization

No CAD Non-Obstructive CAD Obstructive CAD

Optimal HF 
Therapy Optimal Medical Therapy for CAD  

+ Optimal HF Therapy 

Optimal Medical Therapy for CAD  
+ Optimal HF Therapy  
+ Myocardial Revascularization 
(base on ischemia/Viability Testing)

Therapeutic Strategies in Patient with AHFS

Non-ACS



Current treatment approaches for AHFS focus on 3 
separate phases:
1.Emergency department phase
2.In-hospital phase
3.Predischarge and early postdischarge phase

Appropriate Course of Therapy for AHFS and 
Recommended Treatment Goals



Goals of treatment in acute HF

12.5 Monitoring of clinical status of
patients hospitalized due to acute heart
failure

Recommendations regarding monitoring of clinical
status of patients hospitalized due to acute heart failure

Recommendations Class a Level b

Standard non-invasive monitoring of heart rate, 
rhythm, respiratory rate, oxygen saturation and 
blood pressure is recommended.

I C

It is recommended that patients should be 

chart completed.
I C

It is recommended to evaluate signs and 
symptoms relevant to HF (e.g. dyspnoea, 
pulmonary rales, peripheral oedema, weight) I C

Frequent, often daily,measurement of 
renal function (blood urea, creatinine) and 
electrolytes (potassium, sodium) during 
i.v. therapy and when renin-angiotensin-
aldosterone system antagonists are initiated is 
recommended.

I C

Intra-arterial line should be considered in 
patients with hypotension and persistent 
symptoms despite treatment.

IIa C

Pulmonary artery catheter may be considered 
in patients who, despite pharmacological 
treatment present refractory symptoms 
(particularly with hypotension and 
hypoperfusion).

IIb C

HF ! heart failure; i.v. ! intravenous.
aClass of recommendation.
bLevel of evidence.

Patients should be weighed daily and an accurate fluid balance chart
should be maintained. Renal function should preferably be moni-
tored with daily measurement of BUN/urea, creatinine and electro-
lytes. Routine use of a urinary catheter is not recommended.

Renal function is commonly impaired at admission, but may im-
prove or deteriorate with diuresis. Routine monitoring of pulse, re-
spiratory rate and blood pressure should continue. There is no
study showing the usefulness of invasive haemodynamic monitoring
in patients with AHF excluding those with cardiogenic shock. There
is evidence that measuring NPs during the hospital admission may
help with discharge planning. Patients whose NP concentrations
fall during admission have lower cardiovascular mortality and re-
admission rates at 6 months.588 –590

12.6 Criteria for discharge from hospital
and follow-up in high-risk period
Patients admitted with AHF are medically fit for discharge552

† when haemodynamically stable, euvolaemic, established on
evidence-based oral medication and with stable renal function
for at least 24 hours before discharge;

† once provided with tailored education and advice about self-care.

Patients should preferably be

† enrolled in a disease management programme; follow-up plans
must be in place prior to discharge and clearly communicated
to the primary care team;

† reviewed by their general practitioner within 1 week of discharge;
† seen by the hospital cardiology team within 2 weeks of discharge

if feasible.

Patients with chronic HF should be followed up within a multipro-
fessional HF service. Pre- and post-discharge management should
follow the standards of care of the HFA.540,591,592

12.7 Goals of treatment during the
different stages of management of acute
heart failure
During the treatment of patients with AHF, one can distinguish
subsequent stages that require different therapeutic approaches
(described in the previous sections of this chapter). Importantly,
the goals of treatment during the different stages of management
of patients with AHF also differ, and are summarized in
Table 12.6.

Table 12.6 Goals of treatment in acute heart failure

Immediate (ED/ICU/CCU)

Improve haemodynamics and organ perfusion.

Restore oxygenation.

Alleviate symptoms.

Limit cardiac and renal damage.

Prevent thrombo-embolism.

Minimize ICU length of stay.

Intermediate (in hospital)

Identify aetiology and relevant co-morbidities.

Titrate therapy to control symptoms and congestion and optimize blood 
pressure.

Initiate and up-titrate disease-modifying pharmacological therapy.

Consider device therapy in appropriate patients.

Pre-discharge and long-term management

Develop a careplan that provides:
o A schedule for up-titration and monitoring of pharmacological therapy.
o Need and timing for review for device therapy.
o Who will see the patient for follow-up and when.

Enrol in disease management programme, educate, and initiate 
appropriate lifestyle adjustments.

Prevent early readmission.

Improve symptoms, quality of life, and survival.

CCU ! coronary care unit; ED ! emergency department; ICU ! intensive care
unit.
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Warm-Dry Warm-wet

Cold-dry Cold-Wet

Adequacy of peripheral perfusion
“Warm” vs “Cold”

Degree of congestion
“Dry” vs “Wet”

-                Congestion                +

Sign of congestion:
•PND/orthopnea, DOE, SOB 
•Recent weight gain
•JVP ↑, HJR +, edema, S3, rales
•Pulmonary congestion
•Congested hepatomegaly, gut 
congestion, ascites

- 
   

   
   

  P
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fu
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on
   

   
   

   
+

Sign of low perfusion:
•Cool extremities
•Dizziness
•Hypotension
•Narrow pulse pressure
•Low urine output
•Altered mental status
•Inadequate response to IV 
diuretic
•Prerenal azotemia

Clinical profiles of patients with acute heart failure

Nohria A, et al. Clinical assessment identifies hemodynamic profiles that predict outcomes in patients admitted with heart failure. JACC 2003; 41: 1797 – 1804.



Figure 12.3 Management of patients with acute heart failure based on clinical profile during an early phase
aSymptoms/signs of congestion: orthopnoea, paroxysmal nocturnal dyspnoea, breathlessness, bi-basilar rales, an abnormal blood pressure re-
sponse to the Valsalva maneuver (left-sided); symptoms of gut congestion, jugular venous distension, hepatojugular reflux, hepatomegaly, ascites,
and peripheral oedema (right-sided).
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Contractility

Preload

Afterload



⬇ ⬆

• Diuretics

⬇

⬆ SV & CO
⬇Preload Afterload

⬆Contractility
⬆SV & CO

SVR

Vasopresors 
(⬆Afterload)

• Norepinephrine

Inotropic agents
• Dobutamine
• Dopamine
• Levosimendan

Wet & Cold: 
Typical CS

Mechanical circulatory support

“Congestion & Low CO”



Mechanical circulatory support

SBP < 90
•Diuretics

•Inotropic agent
•Vasopressors

SBP ≥ 90
•Diuretics
•Vasodilators
•Inotropic agent

Consider 
inotropic agent

Wet & Warm Wet & Cold Dry & Warm Dry & Cold

Typically elevated 
or normal SBP

Adequately perfused 
(compensate)

Hypoperfused, 
hypovolumia

in refractory cases

When perfusion corrected

In refractory cases

If no response to drugs

Adjust oral 
therapy

If still hypoperfused

Consider fluid 
challenge

HT predominates
•Diuretics
•Vasodilators

Congestion 
predominates

•Diuretics
•Vasodilators
•Ultrafiltration

If  diuretic resistance

2016 ESC Guidelines for the diagnosis and treatment of acute 
and chronic heart failure

No evidence of  elevated 
filling pressures/low CO

Congestion
No low CO

Congestion
Low CO

No congestion
Low CO



Reduce Mortality

ACE-I/ARB 
Beta-blocker 

MRA 
ARNI, SGLT2i 

If-channel inhibitor 
Hydralazine & ISDN

Early Revascularization

AHF in ACS Management
Evaluate Complications of AMI

Acute Heart Failure Management

Pharmacological Treatment

Control Volume

Diuretics 
Salt restriction

Specific Rx for CAD

Antiplatelet 
Statin 

Anticoagulant

Discharge Plan, Patient Education, Disease Management

Treat Comorbidities


