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Shock = Circulatory Failure
• Pump = Cardiogenic 

• Fluid = Hypovolemic 

• Tubing = Distributive 
or Obstructive

Hypotension usually present but not required..





Cardiac Output (CO)= Heart Rate x Stroke Volume



Total Peripheral Resistance
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From: Mechanical Factors in Arterial Aging: A Clinical Perspective

J Am Coll Cardiol. 2007;50(1):1-13. doi:10.1016/j.jacc.2006.12.050

Pressure Waveforms in Arm and Aorta of Young, Middle-Aged, and Old Subjects 
Pressure waveforms measured in the radial artery (top) and synthesized for the ascending aorta (bottom) in 3 women of the same 
family—an 18-year-old at left, a 48-year-old at center, and a 97-year-old at right. Pulse pressure is increased almost 4-fold in the 
ascending aorta and 2-fold in the upper limb (4). Time calibration = 0.5 s. 

Figure Legend: 

Increased pulse pressure as we age…





Wide pulse pressure= 
High CO state

Narrow pulse pressure =  
Low CO state



An approach to shock:
• Is the cardiac output HIGH or LOW? 

• Is the heart FULL or EMPTY?



Vincent J, De Backer D. N Engl J Med 2013;369:1726-1734.



Volume status 

Fluid responsiveness



Ernest Starling 
1866 -1927

Otto Frank Not pictured 
1865-1944

Hung weights on myocytes and measured contractility…

http://sites.google.com/site/pl99323/neuroanat3/starling.jpg?attredirects=0


Importance of Volume



How to determine optimal left ventricular 
volume??? 





Limitations of volume measurements…



Limitations of volume measurements…



CVP and Wedge pressures are estimates of a distant pressure…

Fluid responsiveness as opposed to volume status



The National Heart, Lung, and Blood Institute Acute Respiratory Distress Syndrome (ARDS) Clinical 
Trials Network. N Engl J Med 2006;354:2213-2224.

Study looking at 
PAC vs CVC in 
acute lung 
injury. 

No 
improvement in 
mortality was 
seen with PAC.



Date of download:  7/16/2013

Copyright © American College of Chest Physicians. All rights reserved.

Does Central Venous Pressure Predict Fluid Responsiveness?*: A Systematic Review of the Literature and the Tale of 
Seven Mares

Chest. 2008;134(1):172-178. doi:10.1378/chest.07-2331

Fifteen hundred simultaneous measurements of blood volume and CVP in a heterogenous cohort of 188 ICU patients demonstrating no 
association between these two variables (r = 0.27). The correlation between ΔCVP and change in blood volume was 0.1 (r2 = 0.01). This 
study demonstrates that patients with a low CVP may have volume overload and likewise patients with a high CVP may be volume 
depleted. Reproduced with permission from Shippy et al.11

Figure Legend:



Emphasis on dynamic as opposed to static changes.. 
Respiratory variation or response to passive leg raise.



Has to be sinus, has to be “passive breathing”









Current state of our Cheetah…



Vincent J, De Backer D. N Engl J Med 2013;369:1726-1734.

Seepsis



Identifying sepsis



■ Sepsis 3 panel consisted of  19 physicians 
■ CCM, ID, surgery, pulm (No EM!) 

■ Used retrospective analysis of  large UPMC database. 
■ Than applied retrospectively to other database 

■ SIRS —> Inflammation, more sensitive 
■ qSOFA —> Organ dysfunction, more specific

SIRS vs qSOFA



Feature Criteria

Blood Pressure
Systolic Blood 

Pressure < 100mmHg

Mental Status
Altered Mental 

Status (Glasgow Coma 
Scale < 13)

Respiratory Rate
> 22 breaths per 

minute







From SCCM
Previous  

(1991 - 2016)
Sepsis 3  
(2016 - )

Sepsis
Systemic Inflammatory 

Response (SIRS) + suspected 
infection

Suspected or documented 
infection + > 2 of qSOFA 

or  
rise in SOFA score > 2 points

Severe Sepsis

Sepsis + any of the 
following: SBP < 90 or MAP <65; 
Lactate >2mmol/L; INR > 1.5 or 
PTT >60s; bilirubin > 2mg/dl; 

creatinine > 2.1 or UOP <0.5ml/
kg/hr (>2 hours); platelets <100; 

SpO2 < 90% on RA

Gone

Septic Shock
Sepsis + hypotension after 

adequate fluid resuscitation

Sepsis + vasopressors 
required to maintain MAP > 65 

and lactate > 2mmol/L after 
adequate fluid resuscitation



A problem with this change:  
 ICD 10 still uses older definition



Markers for sepsis



■Lactic acidosis in the setting of  marked 
tissue hypoperfusion. 

■Sepsis 
■Hypovolemia 
■Cardiogenic 
■Arrest

Lactic Acidosis: 
Type A



Lactic Acidosis: 
Type B

■Lactic acidosis without tissue hypoperfusion. 

■ESLD 
■Alcoholism 
■B-agonists 
■Metformin

Always attempt to identify why a patient is acidotic 
when you are admitting, don’t ignore it…



Lactic acidosis
• Cause for excess lactic acidosis in septic shock is 

debated: 

• Hypoperfusion  vs Stress Response 

• Some suggest still accurate as a measurement of disease 
severity, but clearance may not associate with improved 
survival. 
• Concern that serial lactic acidosis measurements will 

result in over-resuscitation - with saline…

Marik PE, Bellomo R. Lactate clearance as a target of therapy in sepsis: A flawed paradigm. OA Critical Care 2013 Mar 01;1(1):3.



Procalcitonin
• Precursor hormone for calcitonin mainly 

produced in the thyroid 

• Outside thyroid PCT is secreted by lungs, 
intestines, other tissues in response to 
increasing amounts of bacterial endotoxin 

• More specific biomarker for infection than other 
acute phase reactants (ESR, CRP, etc.)



Procalcitonin
• PCT can be detected within 2-4 hours of 

infection 

• Peaks within 6-24 hours 

• Costs about $25 

• In a meta-analysis PCT use improved short-term 
mortality when used to stop antibiotics. 

• No difference in mortality when used to initiate.

Lam SW. “Systematic Review and Meta-analysis of Procalcitonin-Guidance Versus Usual 
Care for Antimicrobial Management in Critically Ill Patient”. Crit Care Med.  May 2018



SeptiCyte: amazing new mystery test

• FDA approval in 2/2017, not widely available 

• “substantial equivalence” to procalcitonin 

• Looks for RNA transcripts produced during 
systemic infection 

• In 2 studies (N=450) had a 3% false negative 
rate. 

• Currently takes 6 hours to run.

Miller RR. “Validation of Host Response Assay, Septicyte Lab for Discriminating Sepsis 
 from SIRS in the ICU. Am J Respir Crit Care Med.  April 2018.



Sepsis Treatment



Resuscitation Fluids in the 
ICU

• No ideal fluid  - None has been 
demonstrated superior to others in terms 
of safety (mortality) or effectiveness 

» with negative exception of Hespan 

• Any resuscitation fluid can contribute to 
interstitial edema 

» hurts oxygenation, cardiovascular 
function, wound healing



Saline is Not Normal 
(But It Is Cheap and Effective)

• Dates back to cholera treatments in 1880’s 

• Nearly isotonic but… 

• Frequently causes a hyperchloremic metabolic acidosis 

• Has been associated with renal injury



Melbourne, Australia



Normal Saline vs Low-
Chloride

• Single ICU with 6 month lead in period 

• Abruptly cut off supply of normal saline and any other high 
chloride solution: 
• Hartmann’s solution (like LR), plasma-lyte, or low-chloride 

20% albumin 

• Collected data again in 6 months 

• Patients received  less chloride (694!496 mmol/patient)
Association Between a Chloride-Liberal vs Chloride-Restrictive Intravenous Fluid Administration 
Strategy and Kidney Injury in Critically Ill Adults. JAMA 2012; 308 (15): 1566-1572.



Normal Saline vs Low-
Chloride

• Average serum creatinine rose by 0.25 per patient 
in the control period – but only 0.17 in the 
intervention period (p=0.3) 

• Incidence of AKI was 14% in the normal saline 
period  vs 8.4 % with low-chloride solution 
(p<0.001)  

• 10% of pts needed RRT during control, only 6% 
after normal saline restricted (p=0.005) 

• Prospective observational trial…
Association Between a Chloride-Liberal vs Chloride-Restrictive Intravenous Fluid Administration 
Strategy and Kidney Injury in Critically Ill Adults. JAMA 2012; 308 (15): 1566-1572.



Albumin (4%) Saline (0.9% 
NaCl) Lactated Ringer's Plasma-Lyte

Sodium (Na) 148 mmol/L 154 mmol/L 130 mmol/L 140 mmol/L

Chloride (Cl) 128 mmol/L 154 mmol/L 109 mmol/L 98 mmol/L

Potassium (K) none none 4 mmol/L 5 mmol/L

Calcium (Ca) none none 1.5 mmol/L none

Magnesium (Mg) none none none 3 mmol/L

Lactate none none 28 meq (28 mmol/L) none

Acetate none none none 27 mmol/L

Gluconate none none none 23 mmol/L

Tonicity  250 mOsml/L 308 mOsm/L 280 mOsm/L Isotonic (294 mOsm/L)

Cost (est.) $125/dose $2 / liter $4 / liter $12 / liter

What’s inside…



Albumin
• SAFE trial in 2004 enrolled 7,000 ICU pts and randomized to 

4% Albumin or normal saline for fluid resuscitation for 28 days 

• Overall no significant differences 

• Post-Hoc: 

» Increased rate of death at 2yrs with TBI (RR 1.6) 

» reduction in 28-day mortality in pts with severe sepsis 
(odds ratio 0.7)  

» BUT some ahole did a follow up study…



Caironi P et al. N Engl J Med 2014;370:1412-1421.



Albumin
• Given narrow margin of benefit at about $100 a dose, not 

recommended as a standard fluid 

• Consider in those at risk of volume overload: 

» CHF 

» ESLD 

» ESRD 

• Avoid in TBI



Hydroxyethyl Starches: 
not the correct answer



Resuscitation Goals.. 
How much fluid to give

• Central Venous Pressure (CVP)

• Probably not so great 

• Urine Output (UOP)

• maybe somewhat? 

• Central venous or mixed venous O2 sat

• Recent data suggest not so helpful



Fluid resuscitation  
Oliguria

■ Marker of  hypoperfusion 
■ Get worried if  UOP <5ml/kg/hr for 2 hours 
■ Don’t just flail with fluids though 

■ Etiologies: 
■ Prerenal! either hypovolemic or not enough   

 CO to perfuse kidneys 
■ Renal! ATN 
■ Postrenal



Fluid resuscitation  
Oliguria

Lab test Prerenal ATN

BUN to creat ratio >20 10-20

Urine specific gravity >1.020 <1.010

Urine Osmolality >500 <350

Urine Sodium <20 >40

FENa (%) <1 >2



Fluid resuscitation  
Central/Mixed venous O2 sat

■ Dependent on 4 components: 

■ Arterial oxygen saturation (give FiO2/PEEP) 

■ Hemoglobin concentration (transfuse if  low) 

■ Cardiac output (fluids +/- Dobutamine) 

■ Tissue oxygen demands (Tube… paralyze?)

Kandel G - Arch Intern Med - 01-JUL-1983; 143(7): 1400-2



How many trucks (hgb)? 

How much furniture available (pO2)? 
  
How fast trucks are going (CO)?

O2 delivery

SvO2 Probably better for cardiogenic shock rather than septic…
Normal central venous 70%, mixed venous 65%



Sepsis treatment: Pressors





Asfar P et al. N Engl J Med 2014;370:1583-1593.



Relative Effects of  Vasoactive agents

Cardiac Peripheral vascular

Heart Rate Contractility Vasoconstriction Vasodilation

Dopamine 2+ 2-3+ 2-3+ 0

Norepinephrine 1+ 2+ 4+ 0

Phenylephrine 0 0 3+ 0

Dobutamine 1-2+ 3-4+ 0 2+

Epinephrine 4+ 4+ 4+ 3+

Vasopressin 0 0 4+ 0

Adapted from Parillo JE, Ayres SM: Major Issues in Critical Care Medicine,, 
Williams and Wilkins,1984.



Sepsis Treatment: Pressors

■ Norepinephrine (Levophed) is usually 1st choice 

■ Epinephrine added or substituted when additional 
agent needed. 

■ Vasopressin can be added as an adjunct to 
norepinephrine.   
■ ? Less risk for afib



De Backer D et al. N Engl J Med 2010;362:779-789.

Norepinephrine vs dopamine



Sepsis Treatment: Pressors

■ Dopamine as an alternative vasopressor only in pts 
with relative bradycardia and low risk of  
tachyarrhythmias 

■ Phenylephrine (neosynephrine) may decrease Stoke 
Volume (SV) but is least likely to cause 
tachyarrhythmias. 
■ Can be used if  norepinephrine caused arrhythmia 
■ Or if  cardiac output known to be high



Sepsis treatment: Pressors

■ Vasopressin given as non-titratable continuous 
dose 
■ May cause myocardial ischemia in high doses 
■ At low doses increases water reabsorption – for DI 
■ At high doses directly contracts smooth muscle - 

vasoconstriction  
■ Dobutamine can be trialed in the presence of  

myocardial dysfunction or if  ongoing signs of  
hypoperfusion despite adequate MAP and volume.



In New York, use sepsis bundles or break 
the law

• Legislated compliance with EGDT 3 hour and 6 hour bundles 
in 2013.   

• Did not advise on how to identify sepsis in the first place 

• When reviewed: 

• Delayed antibiotics in sepsis was associated with mortality 

• Early IV fluid bolus had no association with mortality in 
sepsis.

Regulated treatment but pt  
probably died from delayed 
recognition…



Seymour CW et al. N Engl J Med 2017;376:2235-2244.



Antibiotic selection…

Or consult ID because 
ID docs are awesome!



Martin et al. “Epidemiology of Sepsis.” N Engl J Med 2003;348:1546-54.

Fungi account for about 10% of cases of sepsis in the past…



!72
Vincent JL, Rello J, Marshall J, Silva E, Anzueto A, Martin CD, Moreno R, Lipman J, Gomersall C, Sakr Y, et al. EPIC II Group of Investigators 
International study of the prevalence and outcomes of infection in intensive care units. JAMA. 2009;302:2323–9. doi: 10.1001/jama.2009.1754. 



!73

Mayr FB, Yende S, Linde-Zwirble WT, Peck-Palmer OM, Barnato AE, Weissfeld LA, Angus DC. Infection rate 
and acute organ dysfunction risk as explanations for racial differences in severe sepsis. JAMA. 2010;303:2495–
503. doi: 10.1001/jama.2010.851. 



GPC Resistent GPC GNR ESBL GNR PSA Anaerobic Atypical

Ampicillin/sulb + + +

Ceftrixone + +

Cefepime + + +/- +

Azithromycin + +

Vancomycin + +

Zosyn + + +/- + +

Ceftaroline + + +

Linezolid + +

Doxycyline + + + +

Ertapenem + + + +

Meropenem + + + + +

Ancef +



Sepsis Treatment: Antibiotics

■ Some things that might require source control: 
■ Toxic megacolon/C. diff  
■ Ischemic bowel/Perforated bowel 
■ Abscess 
■ Cholecystitis 
■ Empyema 
■ Necrotizing pancreatitis 
■ Foreign body infections 
■ Obstructive uropathy 
■ Necrotizing fasciitis





Rivers E - Crit Care Clin - July 2008; 24(3 Suppl); 1-47

Putting it all together…



PROCESS trial
» 1341 patients with severe sepsis or septic 

shock in 31 US hospitals 
» EGDT based on Rivers 
» EGDT light: 6 hour protocol with IVF until 

“clinical euvolemia”, PRBC for goal hgb 
7.5 

» Usual care  
» No difference in 60-day mortality.  EGDT 

group got more lines, blood, and 
dobutamine.

!78



ARISE TRIAL

» 45 centers in Australia and New Zealand.  
1600 pts. 
» EGDT per Rivers 
» Usual care (no rules, except no monitoring 

of ScVO2 allowed) 
» 90% of EGDT got lines, 62% of usual group. 
» EGDT got significantly more of everything 

else too (a-lines, PRBCs, dobutamine) 
» 90-day mortality 18.6% vs 18.8% 

!79



ProMISe Trial

» 56 centers in the UK.  1251 pts.   
» EGDT group: 92% with lines/A-line 
» Usual care: no ScVO2 measured 

» 29% mortality in both arms 

» Despite these studies, Surviving sepsis 
campaign still recommended CVP and 
routine mixed venous O2 saturation even as 
their use declined… !80



Post-EGDT protocol
» Identify pts with sepsis using accepted 

screening tools 
» Collect cultures and give antibiotics fast 
» For severe sepsis, infuse 2L crystalloid over 

a short period of time (CHF?, ESRD?) 
» If hypotension persists, start vasopressors 

(through a line and guided by A-line if 
feasible) 

» Titrate vasopressors for MAP >65 (target 
may vary per individual pts) 

!81



ACM SEP-1:  EARLY MANAGEMENT BUNDLE, 
SEVERE SEPSIS/SEPTIC SHOCK

Numerator-Patients who received ALL of the following: 
○ Within 3 hours of presentation of severe sepsis: 
● Initial lactate level measurement 
● Blood cultures drawn prior to antibiotic administration 
● Broad spectrum or other antibiotics administered 

AND 
○ Within 6 hours of presentation of severe sepsis: 
● Repeat lactate level measurement only if initial lactate level is 

elevated 

AND ONLY if Septic Shock present: 
○ Received within 3 hours of presentation of septic shock: 
● Resuscitation with 30 ml/kg crystalloid fluids



ACM SEP-1:  EARLY MANAGEMENT BUNDLE, 
SEVERE SEPSIS/SEPTIC SHOCK

AND ONLY if hypotension persists after fluid administration, 
received within 6 hours of presentation of septic shock: 

○ Repeat volume status and tissue perfusion assessment 
consisting of either: 
● A focused exam including all of the following: 

○ Vital signs 
○ Cardiopulmonary exam 
○ Capillary refill evaluation 
○ Peripheral pulse evaluation 
○ Skin examination  

OR 
● Any 2 of the following 4: 

○ Central venous pressure measurement 
○ Central venous oxygen measurement 
○ Bedside cardiovascular ultrasound 
○ Passive leg raise or fluid challenge



ACM SEP-1:  EARLY MANAGEMENT 
BUNDLE, SEVERE SEPSIS/SEPTIC SHOCK

 Denominator:  Inpatients age 18 or over with an 
ICD-10-CM Principal or Other Diagnosis Code of 
Sepsis, Severe Sepsis, or Septic Shock 

Who cares about qSOFA anyway…



Surviving Sepsis Campaign 2018 
Update

• Attempt to accelerate care delivery.  Within 1 hour: 

• Collect blood cultures and lactate 

• Begin 30ml/kg fluid resuscitation for 
hypotension OR lactemia 

• Start vasopressors for selected pts 

• Previously were within 3 and 6 hour timeframes.   

• No evidence cited.
Example of somewhat arbitrary 
recommendation from group…





Hypovolemic Shock

■ Critical decrease in intravascular volume 
■ Diminished venous return (preload) results in decreased 

ventricular filling – decreased SV 

■ Commonly secondary to bleeding: 
■ Trauma 
■ Ulcers/varices 
■ Aortic aneurysm



Hypovolemic shock

■ Can also occur secondary to body fluid loss 
■ Skin 

■ Burns, sweating from excessive heat 
■ GI tract 

■ Vomiting or diarrhea 
■ Renal 

■ DM or diabetes insipidus, diuretics 
■ Intravascular fluid lost to extravascular space 

■ Increased capillary permeability with CPA, bowel ischemia, etc.



Mild (<20% blood 
volume)

Moderate (20-40% blood 
volume)

Severe (>40% blood 
volume)

Cool extremities Same, plus: Same, plus;

Increased capillary 
refill

Tachycardia Hemodynamic 
instability

Collapsed veins Tachypnea Mental status 
deterioration

Anxiety Oliguria

Diaphoresis Postural changes

Average 160Ib male has approximately 4.7L blood volume…



Don’t worry, here’s your pal,  
rapid infuser!

Uh oh!!



Summa Massive Transfusion Protocol
» MTP coolers with 4uPRBC and 2u FFP 

» every other cooler with 5 pack/platelets 

» No cryoprecipitate - check fibrinogen and 
order separately (<200 usually or lots of 
consumption triggers) 

» Watch for hypocalcemia (citrate in PRBC)





Extracardiac Obstructive Shock

■ Results from obstruction of  cardiovascular circuit 
■ Pericardial tamponade/constrictive pericarditis 

impair diastolic filling of  right ventricle 
■ Massive pulmonary embolism results in severe 

increase in RV afterload 
■ End result is low cardiac output



Obstructive Shock
• Decreased Venous Return 

• Cardiac tamponade 

• Abdominal compartment syndrome 

• Tension pneumothorax 

• Increased resistance to venous return 

• Venous thrombosis 

• Increased PEEP 

• Increased Ventricular Afterload 

• Increase PVR —> PE 

• HTN crisis —> pheo 

• Aortic dissection



Extracardiac Obstructive Shock:  
General treatment approach

■ Relief  of  obstruction 
■ Tamponade! pericardiocentisis 
■ Tension pneumothorax ! Chest tube 
■ Massive pulmonary embolism ! TPA 

■ Fluid resuscitation 
■ Avoidance of  diuretics 
■ Pressors less important



Extracardiac Obstructive Shock

■ Tempo of  disease is important 
■ For tamponade: 
■ Shock can occur in minutes with 150ml of  blood in the 

pericardium post-MI with myocardial rupture



Extracardiac Obstructive Shock
■ With slow, chronic accumulation of  pericardial fluid (ie: 

malignancy), much larger volume can be tolerated…

Note that pericardial effusions 
are visible on CT scan…. 
A good way to defer an echo 
or PA cath if necessary..



Extracardiac Obstructive Shock

Tension pneumothorax 

Also causes decreased RV diastolic filling



Extracardiac Obstructive Shock
Causes low cardiac output via massive increase in RV afterload…







Neurogenic Shock
■ Requires complete injury of  

cervical or upper thoracic spinal 
cord 

■ Sympathetic denervation ! 
loss of  vasomotor tone in the 
periphery 
■ Distributive shock… 

■ Occurs in only 20% of  pts with 
complete injury 
■ Rarely in pts with partial motor/

sensory deficits 
■ Consider in hypotensive trauma 

pt who isn’t bleeding…





Hochman JS. “Cardiogenic Shock” Circulation. 2008;117:686-697.



van Diepen et al

TBD TBD, 2017 Circulation. 2017;136:00–00. DOI: 10.1161/CIR.0000000000000525e2

or in combination. CS is pragmatically defined as a state 
in which ineffective cardiac output caused by a primary 
cardiac disorder results in both clinical and biochemi-
cal manifestations of inadequate tissue perfusion. The 
clinical presentation is typically characterized by persis-
tent hypotension unresponsive to volume replacement 
and is accompanied by clinical features of end-organ 
hypoperfusion requiring intervention with pharmaco-
logical or mechanical support. Although not mandat-
ed, objective hemodynamic parameters for CS can help 
confirm the diagnosis and enable comparison across 
cohorts and clinical trials. Definitions in clinical practice 
guidelines and operationalized definitions used in the 
SHOCK (Should We Emergently Revascularize Occluded 
Coronaries for Cardiogenic Shock) and IABP-SHOCK II 
(Intraaortic Balloon Pump in Cardiogenic Shock II) trials 
are presented in Table 1.1,9,15

HISTORICAL PERSPECTIVES
Before the routine use of early revascularization, MI-
associated CS had an in-hospital mortality exceeding 
80%. A registry trial of 250 patients with acute MI de-
scribed the association between bedside physical ex-
amination (Killip classification) for the assessment of 
heart failure (HF) and the risk of mortality.16 Patients 
with Killip class IV (CS) had a mortality of 81%. Sub-
sequently, the Diamond and Forrester classification us-
ing right-sided heart catheterization described the role 
of cardiac hemodynamics in stratifying risk after acute 
MI in the prereperfusion era.17 Patients in Diamond 
and Forrester subgroup IV with a pulmonary capillary 
wedge pressure (PCWP) >18 mm Hg and a cardiac in-
dex (CI) <2.2 L·min−1·m−2, indicative of CS, had a mor-
tality of 51%.

Treatment efforts to reduce mortality initially focused 
on improvement of hemodynamic parameters by me-
chanical devices. The intra-aortic balloon pump (IABP), 
introduced in a registry cooperative trial, decreased 
systolic blood pressure (SBP), increased diastolic blood 

pressure, and modestly but significantly increased CI.18 
Nevertheless, mortality remained virtually unchanged, 
with only 15 survivors among 87 patients (83% mortal-
ity).18 The early reperfusion era did not affect outcomes 
for shock complicating acute MI. Fibrinolysis was effec-
tive for patients with ST-segment–elevation MI (STEMI) 
in general, but it is less clear if fibrinolysis reduces mor-
tality in those with CS.19,20

The first major breakthrough in CS treatment was 
achieved by the randomized SHOCK trial. Although an 
early invasive strategy coupled with percutaneous coro-
nary intervention (PCI) or coronary artery bypass graft-
ing (CABG) did not reduce 30-day mortality (the primary 
outcome of the trial), a significant mortality reduction 
emerged at 6 and 12 months that persisted at longer-
term follow-up.9,21,22 Subsequent registries confirmed 
the survival advantage of early revascularization.5,6,8

Further efforts to reduce CS mortality have been di-
rected toward improvements in MCS devices. The larg-
est randomized trial in patients with acute MI compli-
cated by CS did not show a benefit with routine IABP 
placement in addition to revascularization.1 As a result, 
there has been a decrease in the use of IABPs in clinical 
practice and a downgrading in guideline recommenda-
tions.23,24 Recently, other percutaneous MCS devices 
have shown promise in the treatment of CS, but more 
data from randomized clinical trials are needed.25

PATHOPHYSIOLOGY
Our understanding of the complexity and pathophysi-
ology of MI-associated CS in particular has evolved 
over the past 2 decades.2,3,25–27 In general, there is a 
profound depression of myocardial contractility re-
sulting in a potentially deleterious spiral of reduced 
cardiac output, low blood pressure, and further cor-
onary ischemia, followed by additional reductions in 
contractility (Figure 1). This cycle may lead to death. 
This classic paradigm also includes compensatory, al-
though pathological, systemic vasoconstriction that 

Table 1. Pragmatic and Clinical Trial Definitions of CS

Clinical Definition SHOCK Trial9 * IABP-SHOCK II1† ESC HF Guidelines15

Cardiac disorder that 
results in both clinical 
and biochemical 
evidence of tissue 
hypoperfusion

Clinical criteria:  
SBP <90 mm Hg for ≥30 min OR  
Support to maintain SBP ≥90 mm Hg  
AND  
End-organ hypoperfusion (urine output 
<30 mL/h or cool extremities)

Hemodynamic criteria: 
CI of ≤2.2 L·min−1·m−2 AND  
PCWP ≥15 mm Hg

Clinical criteria: 
SBP <90 mm Hg for ≥30 min OR  
Catecholamines to maintain SBP >90 mm Hg  
AND  
Clinical pulmonary congestion  
AND  
Impaired end-organ perfusion (altered 
mental status, cold/clammy skin and 
extremities, urine output <30 mL/h, or 
lactate >2.0 mmol/L)

SBP <90 mm Hg with adequate volume 
and clinical or laboratory signs of 
hypoperfusion

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

Laboratory hypoperfusion:  
Metabolic acidosis, elevated serum lactate, 
elevated serum creatinine

CI indicates cardiac index; CS, cardiogenic shock; ESC, European Society of Cardiology; HF, heart failure; IABP-SHOCK II, Intraaortic Balloon Pump in Cardiogenic 
Shock II; LV, left ventricular; MI, myocardial infarction; PCWP, pulmonary capillary wedge pressure; SBP, systolic blood pressure; and SHOCK, Should We Emergently 
Revascularize Occluded Coronaries for Cardiogenic Shock.

*In setting of MI complicated by predominantly LV dysfunction.
†In setting of acute MI.
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S. van Diepen. “Contemporary Management of Cardiogenic Shock: A Scientific 
Statment From the American Heart Association.” Circulation. September 2017



A little more on swan ganz catheters…







Potential hemodynamic presentations of cardiogenic shock. 

Sean van Diepen et al. Circulation. 2017;136:e232-e268

Copyright © American Heart Association, Inc. All rights reserved.



Hochman JS , Buller CE , Dzavik V , et al. Cardiogenic shock complicating acute myocardial infarction  
-etiologies, management and outcome: overall findings of the SHOCK Trial Registry [abstract].  
-Circulation 1998 ( 1 ) p 778 - 4079.
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Hochman JS , Buller CE , Dzavik V , et al. Cardiogenic shock complicating acute myocardial infarction  
-etiologies, management and outcome: overall findings of the SHOCK Trial Registry [abstract].  
-Circulation 1998 ( 1 ) p 778 - 4079.



Etiologies of  CS: Acute, severe MR

■ V wave present on PCWP 
tracing 
■ May also be present on PA 

wave if  severe enough 
■ When chronic, dilated LA may 

prevent v wave.

MI more likely to be inferior or posterior consistent with papillary muscle ischemia 
Anterior infarctions more often assoc with LV failure due to larger area supplied by LAD 



MI more likely to be inferior or posterior consistent with papillary muscle ischemia 
Anterior infarctions more often assoc with LV failure due to larger area supplied by LAD 

Acute MR with surgical repair = 39% mortality 
Acute MR with non-surgical treatment = 71%

Thompson CR , Buller CE , Sleeper LA , et al. Cardiogenic shock due to acute severe mitral regurgitation complicating  
acute myocardial infarction: insights from the SHOCK Trial Registry. J Am Coll Cardiol 2000 ( 36 ) p 1104 - 1109 

Cardiogenic shock from acute MR after MI vs LV shock after MI



Etiologies of  CS: Ventricular Septal Rupture

■ Oxygen saturation step up 
greater than 10% between RA 
and RV 

■ Anterior and inferior infarct





Ventricular septal rupture



Not necessarily cardiogenic shock —> Atrial shunt



55 patients with acute ventricular septal rupture 
VSR group with less 3-vessel disease or left main disease 
Median time to rupture was 16 hours after infarction 
31 pts underwent surgical repair ! mortality 81% 
24 pts medically managed ! 23 died

Menon V , Webb JG , Hillis LD , et al. Outcome and profile of ventricular septal rupture with cardiogenic shock after 
 myocardial infarction: report from the SHOCK Trial Registry. J Am Coll Cardiol 2000 ( 36 ) p 1110 - 1116 

Cardiogenic shock from acute ventricular septal rupture after MI compared to 
Shock from LV failure after MI



Etiology of  Cardiogenic Shock: Right Ventricular 
infarct

■ Kussmaul’s sign: elevation in RA 
pressure during inspiration 

■ Square-root sign on RV Pressure 
tracing 

■ RA and RV pressure elevated with 
normal PCWP 

■ CVP/PCWP ratio of  > 0.8



EP Europace, Volume 8, Issue 8, August 2006, Pages 596–600, https://doi.org/10.1093/europace/eul053 
The content of this slide may be subject to copyright: please see the slide notes for details.

Figure 1 Spontaneous echogenic contrast in the patient with severe 
damage to the RV. 



CS Etiologies: LV infarct

■ Elevated PCWP and 
decrease CO 
■ PCWP may only increase 

after fluid challenge 

■ Generally have evidence of  
necrosis involving 40% of  
ventricle



Cardiogenic Shock

■ Frequently, shock develops after presentation for 
myocardial infarction… 

■ SHOCK registry 
■ At presentation – 25% in shock 
■ Within 24 hours – 75% 

■ (median delay = 7 hours) 
■ GUSTO trial 
■ At presentation – 11% in shock 
■ After admission – 89%

SHOCK registry, Circulation 1995;91: 873-81. 
GUSTO J Amer Coll Cardiol 1995;26: 668-74.



Occurs with STEMI and NSTEMI
■ From GUSTOIIB,  Patients without shock at presentation 

(thrombolytic study)

 Holmes DR , Berger PB , Hochman JS , et al. Cardiogenic shock in patients with acute ischemic syndromes with 
 and without ST-segment elevation. Circulation 1999 ( 100 ) p 2067 - 2073 



Treatment of Cardiogenic Shock



van Diepen et al

TBD TBD, 2017 Circulation. 2017;136:00–00. DOI: 10.1161/CIR.0000000000000525e14

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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S. van Diepen. “Contemporary Management of Cardiogenic Shock: A Scientific 
Statment From the American Heart Association.” Circulation. September 2017



Revascularization in Cardiogenic Shock: as 
previously thought of…

• PCI or CABG preferred to fibrinolytic therapy, if it can be 
performed within 90min… 

• One or Two-vessel disease ! PCI 

• Left Main or 3-vessel disease ! Consider immediate 
CABG 

• Mechanical complications ! Consider CABG



Hochman JS. “Cardiogenic Shock” Circulation. 2008;117:686-697.



Cardiogenic shock treatment:  
PCI or CABG within 6 hours

Hochman, JS “Should we emergently revascularize occluded coronaries for Cardiogenic shock: an international randomized trial  
of emergency PTCA/CABG”.American Heart Journal, 132 (2), Feb 1999.



Long-term follow up of SHOCK cohort…

Hochman JS. “Cardiogenic Shock” Circulation. 2008;117:686-697.



Venous dilation vs arterial dilation..



S. van Diepen. “Contemporary Management of Cardiogenic Shock: A Scientific 
Statment From the American Heart Association.” Circulation. September 2017

Milrinone considered for RV failure.  Also can overcome 
chronic Beta-Blocker treatment



!132



van Diepen et al

TBD TBD, 2017 Circulation. 2017;136:00–00. DOI: 10.1161/CIR.0000000000000525e16

Table 5. Initial Vasoactive Management Considerations in Types of CS

Cause or Presentation 
of CS

Vasoactive Management 
Considerations Hemodynamic Rationale

Classic wet and cold Norepinephrine or dopamine144

Inotropic agent210,211*

This subtype has low CI and high SVR. Consider hemodynamic stabilization with 
norepinephrine (preferred in ↑HR or arrhythmias) or dopamine (↓HR preferred but 
associated with higher risk of arrhythmias)

Consider addition of inotropic agent when stabilized and after revascularization  
(MI only)

Euvolemic cold and dry Norepinephrine or dopamine144

Inotropic agent210,211

Small fluid boluses

Consider hemodynamic stabilization with norepinephrine (preferred in ↑HR or 
arrhythmias) or dopamine (↓HR preferred but associated with higher risk of arrhythmias)

Consider addition of inotropic agent when stabilized and after revascularization  
(MI only)

LVEDP may be low, and patients may tolerate fluid boluses

Vasodilatory warm and 
wet or mixed cardiogenic 
and vasodilatory

Norepinephrine

Consider hemodynamics-guided therapy

This subtype has low SVR

RV shock Fluid boluses144,145

Norepinephrine, dopamine, or 
vasopressin144,212,213

Inotropic agents144*

Inhaled pulmonary vasodilators214

Hemodynamic goals include maintaining preload, lowering RV afterload (PVR), treating 
absolute or relative bradycardias, and maintaining atrioventricular synchrony

Dopamine (↓HR preferred but associated with arrhythmia risk)

Vasopressin may raise SVR and have neutral effect on PVR

Consider adding or transitioning to inotrope after initial hemodynamic stabilization and 
revascularization

Normotensive shock Inotropic agent or vasopressor Initial inotropic therapy may be appropriate given that this subtype has SBP >90 mm Hg 
and relatively high SVR

Aortic stenosis Phenylephrine or vasopressin

In patients with reduced LVEF, 
echocardiography- or PAC-guided 
dobutamine titration

Shock caused by aortic stenosis is an afterload-dependent state

Inotropy may not improve hemodynamics if LVEF is preserved

Definitive therapies will be defined by underlying cause and may include surgical 
aortic valve replacement or balloon valvuloplasty and/or transcatheter aortic valve 
replacement

Aortic regurgitation Dopamine

Temporary pacing

Maintaining an elevated HR may shorten diastolic filling time and reduce LVEDP

Definitive therapies will be defined by underlying cause and may include surgical aortic 
valve replacement

Mitral stenosis Phenylephrine or vasopressin

Esmolol or amiodarone

Shock resulting from mitral stenosis is a preload-dependent state

Avoiding chronotropic agents, slowing the HR (and thereby increasing diastolic filling 
time), and maintaining atrioventricular synchrony may improve preload

Definitive therapies will be defined by underlying cause and may include surgical mitral 
valve replacement or balloon valvuloplasty

Mitral regurgitation Norepinephrine or dopamine

Inotropic agents*

Temporary MCS, including IABP144

After hemodynamic stabilization with vasopressor, consider addition of inotropic agent

Afterload reduction may help reduce LVEDP

IABP may reduce regurgitation fraction by reducing afterload and increasing CI

Definitive therapies will be defined by underlying cause and may include surgical mitral 
valve replacement/repair and percutaneous edge-to-edge repair

Postinfarction ventricular 
septal defect

See classic wet and cold considerations

Temporary MCS, including IABP144

IABP may reduce shunt fraction by reducing afterload and increasing CI

Cardiac surgical referral for repair or percutaneous interventional umbrella closure

Dynamic LVOT 
obstruction

Fluid boluses215,216

Phenylephrine or vasopressin215,216

Avoid inotropic agents215,216

Avoid vasodilating agents215,216

Esmolol or amiodarone215

RV pacing

Dynamic gradients may be reduced by increasing preload and afterload, reducing 
inotropy and ectopy, maintaining atrioventricular synchrony, and inducing ventricular 
dyssynchrony

Bradycardia Chronotropic agents or

Temporary pacing

Treatment should also focus on identifying and treating underlying cause of bradycardia

Chronotropic agents may include atropine, isoproterenol, dopamine, dobutamine, and 
epinephrine

Pericardial tamponade Fluid bolus

Norepinephrine

Pericardiocentesis or surgical pericardial window required for definitive therapy

CI indicates cardiac index; CS, cardiogenic shock; HR, heart rate; IABP, intra-aortic balloon pump; LVEDP, left ventricular end-diastolic pressure; LVEF, left 
ventricular ejection fraction; LVOT, left ventricular outflow tract; MCS, mechanical circulatory support; MI, myocardial infarction; PAC, pulmonary artery catheter; 
PVR, pulmonary vascular resistance; RV, right ventricular; SBP, systolic blood pressure; and SVR, systemic vascular resistance.

*Inotrope choice considerations may include HR, SVR, cause of CS, renal function, prior β-blocker treatment, and inotrope half-life.
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Intraaortic Balloon Pump (IABP)
■ Placed via femoral artery and positioned in descending thoracic 

aorta distal to origin of  left subclavian artery 

■ Inflated at the beginning of  diastole after aortic valve closes 
■ Increases diastolic pressure and coronary perfusion pressure 

■ Rapidly deflated during systole 
■ Brief  vacuum effect decreases afterload 

■ Increase myocardial perfusion and reduces LV afterload 

■ Mixed results in trials: 
■ GUSTO-IIb showed improvement in 30-day mortality 
■ Registry data (NRMI) found no reduction in in-hospital mortality…





IABP
• Advantages

• Low cost 

• Ease of placement 

• long-term use 

• Minimal to no 
anticoagulation (on 1:1 
particularly

• Disadvantages

• Fractional augmentation (1 to 
1.5L, pt needs own 
contractility) 

• Poor tracking with 
tachycardia/AF.  Rate of 130 
may need 1:2 augmentation 

• Variable efficacy with 
compliant aorta (young pts).  
Works better with a rigid pipe. 

• Vascular complications/
embolizations.



Impella 2.5



Brodie D, Bacchetta M. N Engl J Med 2011;365:1905-1914.

VV ECMO: 
Primary use in isolated 
pulmonary failure 

Single lumen device  
theoretically limits  
recirculation…



Brodie D, Bacchetta M. N Engl J Med 2011;365:1905-1914.



Biventricular failure or RV + pulmonary… 

If fails to improve oxygenation or if PCWP increases, 
may need impella device or IABP for LV “venting” to  
overcome afterload from ECMO…



van Diepen et al. Contemporary Management of Cardiogenic Shock: A Scientific Statement From the American Heart Association 
© 2017 American Heart Association, Inc. 
 

Supplemental Table 6: Comparison of commonly percutaneous mechanical circulatory support devices 

 IABP TandemHeartTM ImpellaTM 2.5/CP ImpellaTM 5.0 ECMO 
Mechanism Pulsatile Centrifugal 

(continuous) 
Axial (continuous) Axial (continuous) Centrifugal 

(continuous) 
CO or Flow   ↑ CO 0-0.5 L/min Flow ~ 4.0 L/min Flow 2.5-4.0 

L/min 
Flow up to 5.0 
L/min 

Flow >4.0 L/min 

Size 7-8 Fr Arterial: 15-19 Fr 
Venous: 21 Fr  

12-14 Fr 21 Fr Arterial: 14-19 Fr 
Venous: 17-24 Fr  

Advantage(s) Readily available 
Familiarity 
Rapid insertion 
Easy to adjust 
No extracorporeal 
blood 

Independent of 
rhythm 
Robust CO support 

Independent of 
rhythm 
Easy insertion  
No extracorporeal 
blood 

Robust support 
No extracorporeal 
blood 

Independent of rhythm 
Robust CO support 
Pulmonary support 

Disadvantage(s) Minimal ↑CO 
Requires stable 
rhythm 
No effect on mean 
BP or lactate 

Difficult insertion 
Requires transseptal 
puncture 
Vascular 
complications 

Vascular 
complications 
Hemolysis 

Vascular 
complications 
Hemolysis  
Requires surgical 
insertion 

Vascular 
complications 
May not unload heart 
(may need venting)  
Regional hypoxemia 

Abbreviations: CO, Cardiac Output; ECMO, extra-corporeal membrane oxygenation; Fr, French; IABP, intra-aortic balloon pump 
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Gone fishing in a fluid trial. 
Crit Care Resusc. Mar;18 (1):55-8.

• Retrospective observational study 
– No predefined statistical plan 
– No predefined hypothesis 

• Used data from a prior study of 798 
randomized pts examining fluid resuscitation 

• 70 (9%) of pts were born under the sign of 
Pisces 

• Primary outcome was death at 90 days.



Gone fishing in a fluid trial. 
Crit Care Resusc. Mar;18 (1):55-8.

• 90 day Mortality was 35.7% in the Pisces 
group compared to 48% in the non-Pisces 
group. 
– RR: 0.75 
– CI: 0.54 – 1.03 
– P = 0.03 

• “with convenient use of statistics and an 
enticing explanatory hypothesis, it is 
possible to achieve significant findings in 
post-hoc analyses of data from large trials.”


