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Disclosures




Review cardiogenic shock the
associated mortality, and survivorship.

Explain the role and limitations of using
MAP.

1 1 Distinguish macrocirculation from
O bJ e Ct |Ve S microcirculation

Identify alternative markers of perfusion
and shock severity beyond MAP.

Individualize perfusion goals to patient
needs and optimize survivorship.



Perfusion 2017 ACC/AHA Scientific 2022 AHA/ACC Guideline Management of CS Complicated 2021 ESC Guidelines for Diagnosis

Statement on CS3 for the Management of MI: An Update 20197 and Treatment of Acute and Chronic
Heart Failure® Heart Failure”
No clear sBP or MAP No clear sBP or MAP No clear sBP or MAP No clear sBP or MAP
recommendations recommendations recommendations. Suggest that recommendations. In AHF with sBP
MAP >65 mmHg probably not >110 mmHg, IV vasodilators may be
required considered as initial therapy to improve
. symptoms and reduce congestion (Class
1Ib)

i Use cold/warm and wet/dry Severity of congestion and Not specified Use wet/dry and warm/cold, as well as
descriptors to highlight adequacy of perfusion should mental confusion, dizziness, and narrow
hemodynamic phenotypes. be assessed to guide triage and pulse pressure.

Longitudinal CVP trends may initial therapy (Class I) Emphasize that hypoperfusion is not
provide information on trends in always accompanied by hypotension
fluid status

Suggest serial monitoring of urine  Not specified Suggest serial monitoring of urine  Suggest serial monitoring of urine
output and creatinine. Include output and creatinine RRT initiated output and creatinine

KDIGO guidelines that CRRT be with AKI and uremia, refractory

considered when “life-threatening volume overload, metabolic

changes in fluid, electrolyte, and acidosis, and/or refractory
acid-base balance” exist hyperkalemia (Class IIb)
Suggest serial monitoring of arterial Not specified Not specified Suggest serial monitoring and when
lactate q1-4 h peripheral hypoperfusion is suspected
iti Suggest using serial perfusion Not specified Not specified NT-pro-BNP recommended at
i markers including SvO; or ScvO, admission, predischarge
serial monitoring | FTs, mental status, and other

invasive hemodynamic variables
Vasoactive agent Norepinephrine may be vasopressor In patients with CS, Norepinephrine is vasoconstrictor ~ Consider inotropes and/or vasopressors
selection of choice as associated with fewer intravenous inotrope support  of choice when low BP and for sSBP <90 mmHg and hypoperfusion
arrhythmias should be used to maintain insufficient tissue perfusion who do not respond to standard
Note that optimal first-line systemic perfusion and pressure (Class IIb) treatment, including fluid challenge to
vasoactive medication in CS preserve end-organ Inotropes (ie, dobutamine) may be improve peripheral perfusion and
remains unclear performance (Class I) given simultaneously to maintain end-organ function (Class IIb)

Provides pragmatic considerations Choice of inotrope guided by norepinephrine to improve cardiac Inotropic agents not recommended
based on etiology and phenotype of blood pressure, concurrent contractility (Class IIb) routinely, due to safety concerns, unless
shock arrhythmias, and availability patient has symptomatic hypotension
and evidence of hypoperfusion (Class
o 1

Vasopressor therapy, preferably
norepinephrine, may be considered in
patients with CS to increase BP and
vital organ perfusion (Class IIb)
Consider RRT for persistent
hypoperfusion and organ dysfunction
(Class Ila)




Cardiogenic Shock:

More Than
Hypotension

* Cardiogenic Shock

Acute

Acute on chronic
Secondary causes
Post-cardiotomy
Other causes

cardiotomy CS

¢ In setting of acute MI (STEMI or
NSTEMI) in which acute ischemia is the
primary driver of cardiogenic shock.

* Primary ventricular (L/R) failure (in
absence of acute Ml)

* Due to another primary non-myocardial
cardiac cause: arrhythmia, pericardial
or valvular disease.

Secondary CS

Post- « In setting of cardiac surgery

NSTEMI

Acute-on-chronic

Sub-classify by
specific cause

Sub-classify by
surgery type

Specific
Etiologies

Additional
Modifiers

* LV/IRV/BiV

* Post-cardiac
arrest or eCPR

 Key Specific
etiologies:

» Mycarditis

* Takotsubo

* Amyloid

* Peripartum

» Mixed shock
syndrome




MAP
MAP and i P V\SVR
Macrocirculation P AN Vascular
Anatomy
SV HR
* Why do we use MAP?
3 Prelo:ﬂf htmpy Vascular
* Factors influencing MAP. T
e« CO=HRxSV CVP Tissue
« HR Factors
a /V V\
* Preload/RAP Blood Venous < Neurohumoral
< A Volume Compliance Factors
A el Renal Na*
* Formulas and H,O <
« MAP=DP +1/3(SP-DP) handling

« MAP=CO x SVR




Micro-circulation:
Where Oxygen Delivery
Happens

Global Tissue Perfusio
* Lactate
e ScvO2
« SvO2

* Peripheral Tissue P
* Capillary refill ti
* Peripheral perfu
e Sublingual micr

* Regional Tissue
* NIRS

clinic

hemodynamic

microcirculation

Inflammation

Organ dysfunction

Stage A Stage B

Hypoperfusion
vasoconstriction —— > I —> vasodilation —— — >

SBP=N  sBPW sBP=N/¥ sBPW sePW seP N sep

CI=N SVR=N/AN SVRAA SVR=N/¥ SVR=W SVR=\Y SVR=N
Constriction of arterioles Dilatation of arterioles Paralytic dilatation Paralytic dilatation
Constriction of venules Constriction of venules Capillary stasis Microthrombosis
Closed true capillaries Opening of true capillaries Microthrombosis ANPermeability, MMAcidosis
Maintain drive pressure Microcirculatory stasis,Acidosis APermeability, MAcidosis Mitochondrial loss

¥ vc

MAc

T . Oliguria
Organ injury it M Organ dysfunction "X A\Creatinine,

Or’ Ve

Stage C,D,E

Congestion

>,

Pump deterioration Ljgbiabicsinaid
. DIC
Ischemia

Acidosis
Alteration of ACM

Acute Liver Injury ‘ Eg

Congestive hepatopathy &Bowell permeability
ANGGT, ABilirubine, NALT, MAST ABacterial translocation
AEndotoxins,Cytokines

ANBUN,VeGFR
A\Cystatin C




When MAP Misleads....

* AMAP = 65 does not exclude e VVasoconstriction
* Low cardiac output * Increased afterload
* Elevated lactate * Reduced stroke volume
* How quickly lactate clears * Increase myocardial O2 needs
* Oliguria/AKIl  Impair peripheral perfusion

Altered mental status
Delayed capillary refill

* Progressive ventricular failure
* Microcirculatory dysfunction



Additional Perfusion Targets

e Cardiac Power Output (CPO)
 CPO<=<0.06

* Pulmonary Artery Pulsatility
* PAPi<1.0

* Peripheral perfusion
* Capillary refill
e Skin temperature
* Mottling
* Urine output
* Mental status
e Lactate trends

Assess fo function
No substituti ysical exam



* Physical function
* Neurocognitive function
* Cardiac and non-cardiac organ function
* Quality of life
Social
determinants of health
s N N
Microaxial VA ECMO
IMoS IABP
Hemolysis Delirium
ICU-acquired e Cognitive Cardiac Noncardiac
weakness Renal injury function function  organ function
Mechanical Vascular Components of cardiogenic
Cardiogenic vk complications | t1ospital shock survivorship Outpatient
shock discharge K care
\| Long-term survival,
: physical and cognitive
L Mental  Physical function Impact on function, mental health
| ICU and floor admission | | health  andfrity famiies | and quality of life
¢ CICU liberation bundle » Screening for PICS in CS survivors
¢ Early mobilization . . ¢ Intensive multi-domain outpatient rehabilitation
* Minimizing delirium Interventions to improve * Specialist referral for specific impairments
« Early escalation and de-escalation of tMCS long-term outcomes? « Post-CICU clinics

* Heart replacement therapies * Survivor and family support groups




Take Home Messages

SCAI
Recognize shock severity Pmcine
e SCAIl shock classificatio
e Provides a framework t ek

assess risk, initiation
shock, and progressi

e Macro/Micro circula
assessment

* Cardiac surgery pop
Repeated assessments
Treat physiology

Multidisciplinary team
approach

A B

C

D

E

Hemodynamically Hemodynamically Hypoperfusion = Failure to stabilize = Extremis /
unstable Shock with initial therapy refractory shock
: Hypotensive or Hypotensive and I
. Hemodym Ia[m;cally i hypoperfusing and ~~~  hypoperfusing or Failure to stabilize ~— Extremis /
untreated treated with initial therapy refractory shock
Loss of Loss of e e
Compensation Com tlon Deterioration Deterioration
HYPOTENSION SBpP 60-90 mm Hg 60-90 mm Hg 60-90 mm Hg <60 mm Hg
MAP 50-65 mm Hg 50-65 mm Hg 50-65 mm Hg <50 mm Hg
or AND AND QR
Lactate — 5_5 mmol/L OR 2-5 mmol/L OR >5-10 mmol/L OR >10 mmol/L
HYPOPERFUSION  ALT 200-500 U/L 200-500 U/L >500 U/L OR
pH <7.2
AND AND OR OR
TREATMENT INTENSITY: NNoDDru_gs NNoDqugs : Total oé 2-5 23 Drugs OR
Vasoactive Drigs o Devices o Devices rugs or Devices S3'Dalicas
Inotropic Drugs \
Acute Mechanical Circulatory Support Devices ~ OR OR
Intra-Aortic Balloon Pump :
Impella (2.5, CP, 5.0, 5.5, or RP)
TandemHeart (LV or RV Support) 1Drug 1Drug
VA-ECMO OR OR .
1 Device 1 Device Out-of-hospital
without with persistent cardiac arrest
hypotension or hypotension or
hypoperfusion hypoperfusion




Questions?
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