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SHOCK= Inadequate Tissue SHOCK= Inadequate Tissue 

PerfusionPerfusion

�� Mechanisms:Mechanisms:
•• Inadequate oxygen delivery Inadequate oxygen delivery 

•• Release of inflammatory mediatorsRelease of inflammatory mediators

•• Further Further microvascularmicrovascular changes, changes, 
compromised blood flow and compromised blood flow and 
further cellular further cellular hypoperfusionhypoperfusion

�� Clinical Manifestations:Clinical Manifestations:

•• Multiple organ failureMultiple organ failure

•• HypotensionHypotension



Differentiating Types of ShockDifferentiating Types of Shock



BackgoundBackgound

• Cardiogenic shock (CS) is a state of inadequate 

tissue perfusion due to cardiac dysfunction, and 

complicates 7-10% of cases of acute myocardial 

infarction

• Without treatment, cardiogenic shock is 

associated with a 70-80% mortality rate, and is 

the leading cause of death in patients 

hospitalized for an acute myocardial infarction

• Proper recognition and management of patients 

who develop cardiogenic shock will result in 

substantial improvements in early and late 

mortality



NRMI STEMI Registry1

N=25,311

• Inclusion of 293,633 patients 
from Jan 1995-May 2004 with 

STEMI or new LBBB

• 775 US Hospitals with on-site 

PCI

• CS developed in 25,311 (8.6%) 

pts

• CS present on admission in 

29%

Frequency of Cardiogenic Shock

1Babaev et al JAMA 2005 294:448

Frequency of CS Has Remained Steady Over Frequency of CS Has Remained Steady Over 
TimeTime

NRMI Registry1

Gusto-13 

• 1995 � 7.2%

3 Holmes DR JACC 1995 26:668

2Goldberg RJ NEJM 1991; 325:1117





Reversible Myocardial DysfunctionReversible Myocardial Dysfunction

• Myocardial stunning represents persistent 

myocardial dysfunction that occurs despite the 

restoration of normal flow.    Develops as a 

result of alterations in calcium homeostasis, 

oxidative stress, and decreased myofilament

responsiveness to calcium

• Hibernating myocaridum is a persistent state of 

myocardial dysfunction at rest because of 

severely reduced coronary flow.  Develops as an 

adaptive response to hypoperfusion

• Both conditions may indicate recovery over time 

as reperfusion occurs
Hollenberg Ann Int Med 1999; 131:47-99



Etiology of Etiology of CardiogenicCardiogenic ShockShock

Acute Myocardial Infarction (most common)

Pump Failure

Large infarction 

Smaller infarctions with preexisting CHF
Infarction extension or expansion

Mechanical complications

Acute MR caused by papillary muscle dysfunction

Free wall rupture
Pericardial tamponade

Other conditions
End-stage cardiomyopathy, myocarditis, 

prolonged  
cardiopulmonary bypass, aortic stenosis, mitral 

stenosis,
left atrial mxyoma, acute aortic insufficiency



Causes of Causes of CardiogenicCardiogenic Shock Shock 
SHOCK Trial and Registry (N=1160)SHOCK Trial and Registry (N=1160)

Hochman Circ 1995; 91:873-81
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• Recurrent 

ischemia, 

• Q waves in ≥ 2  

leads

• LAD culprit vessel

• Chest pain at shock 

onset 

• ST-segment elevation 

in two or more leads

• Multiple infarct 

locations

• Inferior MI 

• Left main disease 

• Smoking 

Shock onset after acute MI occurred within 24 h 
in 74% of the patients with predominant LV 

failure 

Predictors of Early (< 24 

h) 

Cardiogenic Shock

Predictors of Late (≥ 24 h) 

Cardiogenic Shock

Webb JACC 2000; 36:1084



Clinical Observations from the SHOCK TrialClinical Observations from the SHOCK Trial

• The average LVEF is only moderately 
depressed (30%) with a wide range of EFs and 
LV sizes noted
- While most patients were on IABP support and 

ionotropes, hemodynamic measurements 
demonstrated persistent hypotension, low CO, and 
high filling pressures despite a 30% LVEF

• The SVR was not markedly elevated in many 
cases,  with the SVR ranging from 1350-1400 
dynes-sec-cm-5 despite ionotropic support

- Cardiac power = CI x MAP was the most powerful 
hemodynamic predictor of mortality

- The ability to raise SVR may be an important 
compensatory mechanism to support BP 

– Endogenous/exogenous vasodilators inhibit this 
response

Hochman Circulation 2003; 107:2998



Clinical Observations from the SHOCK TrialClinical Observations from the SHOCK Trial

• The classic notion that cardiogenic shock 
develops only when 40% of the myocardium is 
irreversibly damaged is inconsistent with:
- 50% survival in PCI-treated patients

- Improved LVEF in patients undergoing 
revascularization

- NYHA Class I symptoms in 58% of patients after 
survival of the cardiogenic shock

• Resolution of the ischemia and neurohumeral-
inflammatory mediates may result in resolution 
of the cardiogenic shock

• The range of LVEFs, LV size, and SVR in 
patients with cardiogenic shock indicate that the 
pathogenesis may be multifactorial.

Hochman Circulation 2003; 107:2998



CardiogenicCardiogenic Shock: DiagnosisShock: Diagnosis

• Clinical definition1 is a decreased cardiac 
output and evidence of tissue 
hypoperfusion in the presence of 
adequate filling pressures:

- Marked and persistent (> 30 min) 
hypotension with a systolic BP < 90 mmHg

- Reduction in the cardiac index (<2.2 
L/min/M2)

- Normal or elevated PCWP (> 15 mmHg)

• Clinical definition1 is a decreased cardiac 
output and evidence of tissue 
hypoperfusion in the presence of 
adequate filling pressures:

- Marked and persistent (> 30 min) 
hypotension with a systolic BP < 90 mmHg

- Reduction in the cardiac index (<2.2 
L/min/M2)

- Normal or elevated PCWP (> 15 mmHg)

• Circulatory shock2 is diagnosed by poor tissue 
perfusion, including oliguria, clouded 
sensorium, and cool mottled extremities

• Circulatory shock2 is diagnosed by poor tissue 
perfusion, including oliguria, clouded 
sensorium, and cool mottled extremities

2Hollenberg Ann Int Med 1999; 131:47-99
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Cardiogenic Shock

1-2 vessel CAD Moderate 3-vessel CAD Severe 3-vessel CAD Left main CAD

PCI IRA PCI IRA Immediate CABG

Staged Multivessel 

PCI

Staged CABG
Cannot be 
performed

Early Shock, Diagnosed on 
Hospital Presentation

Delayed Onset Shock 
Echocardiogram to Rule Out 

Mechanical Defects

Cardiac Catheterization and Coronary 
Angiography

IABP

Fibrinolytic therapy if all of  the 

following are present:  

1. Greater than 90 minutes to PCI
2. Less than 3 hours post STEMI 

onset
3. No contraindications

Arrange prompt transfer to 
invasive procedure-capable center

Arrange rapid transfer to invasive 

procedure-capable center

PCI for Cardiogenic ShockPCI for Cardiogenic Shock

http:www.americanheart.org/stemi



4 Potential Therapies  4 Potential Therapies  

�� PressorsPressors

�� IntraIntra--aortic Balloon Pump (IABP)aortic Balloon Pump (IABP)

�� FibrinolyticsFibrinolytics

�� Revascularization: CABG/PCIRevascularization: CABG/PCI

�� Refractory shock: ventricular assist Refractory shock: ventricular assist 

device, cardiac transplantationdevice, cardiac transplantation



PressorsPressors do not change do not change 

outcomeoutcome

�� DopamineDopamine
•• <2 renal vascular dilation<2 renal vascular dilation

•• <2<2--10 +10 +chronotropic/inotropicchronotropic/inotropic (beta effects)(beta effects)

•• >10 vasoconstriction (alpha effects)>10 vasoconstriction (alpha effects)

�� DobutamineDobutamine –– positive positive inotropeinotrope, , 
vasodilatesvasodilates, , arrhythmogenicarrhythmogenic at higher at higher 
dosesdoses

�� NorepinephrineNorepinephrine ((LevophedLevophed):):
vasoconstriction, vasoconstriction, inotropicinotropic stimulant. stimulant. 
Should only be used for refractory Should only be used for refractory 
hypotension with hypotension with decdec SVR. SVR. 



The SHOCK Trial (N=302)
Randomization from Apr 1993-Nov 1998

Emergency Revascularization
N = 152

• Angioplasty or CABG 

within 6 hours after 
randomization

• IABP recommended in all 

pts

Medical Therapy
N = 150

• IABP

• Thrombolytic Therapy

• Delayed 
Revascularization after 54 

hours following 
randomization, if 

appropriate• Primary Endpoint: Overall 30 day mortality

• Seconday Endpoints:  6 month and 1 year 

mortality
Hochman et al NEJM 1999;341:625



Hochman et al NEJM 1999;341:625

The 

Shock 

Trial:

Treatment



Hochman et al NEJM 1999;341:625

Shock Trial: 30 day mortality (1Shock Trial: 30 day mortality (1oo Endpoint) Endpoint) 



SHOCK trialSHOCK trial

Hochman J et al. N Engl J Med 1999;341:625-634



Copyright restrictions may apply.

Hochman, J. S. et al. JAMA 2006;295:2511-2515.

Kaplan-Meier Long-term Survival of All Patients and Those Discharged Alive Following 
Hospitalization

SHOCK – 6 years later



PCI v. CABG in the Shock TrialPCI v. CABG in the Shock Trial

White HD et al Circulation 2005; 112:1992

Despite increased patient co-morbidities, include 

the presence of diabetes mellitus, multivessel
disease, left main disease, patients treated with 

CABG had similar one year outcomes to patients 

treated with PCI

PCI successful revasc, 77.2%

PCI complete revasc, 23.1%
CABG complete revasc, 87.2%

CABG LIMA, 15.2% 
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Shock Trial: Mortality Rates with PCIShock Trial: Mortality Rates with PCI
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6 Yr Outcome of SHOCK All Patients6 Yr Outcome of SHOCK All Patients

Hochman et al JAMA 2006; 295:2511 



ACC/AHA Guidelines for PCI in Patients with ACC/AHA Guidelines for PCI in Patients with 

Cardiogenic ShockCardiogenic Shock

Primary PCI is recommended for patients less 
than 75 years with ST elevation or LBBB or 

who develop shock within 36 hours of MI and 
are suitable for revascularization that can be 

performed within 18 hours of shock. 

Primary PCI is reasonable for selected 
patients 75 years or older with ST 

elevation or LBBB or who develop shock 
within 36 hours of MI and are suitable for 

revascularization that can be performed 

within 18 hours of shock. 
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